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ABSTRACT 

 
 This study aims to investigate the effect of natural antioxidants immugen and 
bionormalizer which play important roles as endogenous antioxidants in                       
β-thalassemia/HbE patients, and also to investigate the effect of oral iron chelator 
deferiprone in β-thalassemic erythrocytes and leukocytes which contain excess chains 
and iron overload leading to free oxygen species formation. 
 
 The oxidative stress, superoxide anion, methaemoglobin, glutathione S 
transferase, nitric oxide and reactive oxygen species were evaluated in                       
β-thalassemia/HbE patients.  Patients were divided into 3 groups, the first receiving 
immugen 50 mg/kg/day daily for 12 weeks and receiving immugen with deferiprone 
for 12 weeks.  The second group received 3000 mg bionormalizer daily for 12 weeks 
and then received bionormalizer with deferiprone for 12 weeks.  Later both groups 
continuous take deferiprone for a long term trial.  The third group received only 50 
mg/kg/day deferiprone for 72 weeks. 
 
 The administration of immugen, bionormalizer, and deferiprone decreased the 
free radicals, superoxide anion, methaemoglobin, nitric oxide, and reactive oxygen 
species.  The activity of glutathione S transferase showed a decrease in                       
β-thalassemia/HbE patients. 
 
 This study suggests that β-thalassemia/HbE patients have oxidative stress.  The 
administration of immugen, bionormalizer and deferiprone improve oxidative stress in 
patients.  Therefore, iron chelator and antioxidant supplementation would be beneficial 
to thalassemic patients as adjunct therapies to increase their quality of life. 
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บทคัดยอ 
 
        ผูปวยเบตาธาลัสซีเมีย/ฮีโมโกลบินอี มีสายแอลฟาที่มากเกิน และภาวะเหล็กเกินในรางกายซี่ง
นําไปสูการเกิดกลุมของอนุมูลอิสระทั้งในเม็ดเลือดแดง และเม็ดเลือดขาว ดังนั้นจึงไดมีความสนใจ
ศึกษาผลของสารตานอนุมูลอิสระที่มีตอผูปวยเบตาธาลัสซีเมีย/ฮีโมโกลบินอี โดยใชสารตานอนุมูล
อิสระ 2 ตัว คืออิมมูเจน, ไบโอนอรมัลไลเซอร รวมกับยาขับเหล็กชนิดรับประทานดีเฟอรริโพรน 
        ผูปวยเบตาธาลัสซีเมีย/ฮีโมโกลบินอี ถูกประเมินคาอนุมูลอิสระคือ ซุปเปอรออกไซด แอน
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และไดรับยาไบโอนอรมัลไลเซอรกับยาดีเฟอรริโพรน 12 สัปดาห กลุมที่สามไดรับยาดีเฟอรริโพรน 
เพียงอยางเดียวทุก 12 สัปดาห รวมทั้งหมด 6 คร้ัง 
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ออกไซด แอนไอออน, เมทฮีโมโกลบิน, ไนตริก อ็อกไซด, และรีเอ็กทีฟอ็อกซิเจนสปซีสลดลง นอก
จากนี้กลูตาไธโอน เอสทรานสเฟอเรส ก็ยังลดลงในผูปวย เบตาธาลัสซีเมีย/ฮีโมโกลบินอีดวย 
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CHAPTER I 

INTRODUCTION 

 

 

 
 Beta-thalassemia is a genetic disorder which encompasses a wide variety of 

clinical phenotypes ranging in severity from clinically silent heterozygous                  

β-thalassemia to severe transfusion-dependent thalassemia major (1).  Shortened red 

cell life span, rapid iron turnover, and tissue deposition of excess iron are the major 

factors responsible for the functional and physiological abnormalities found in the 

various forms of thalassemia.  Beta-thalassemic RBCs have an altered morphology 

and exhibit a decreased deformability as measured by ektacytometry.  This altered 

deformability is in part, due to the rigidity of their membranes and the state of 

hydration of these cells. 

 β-thalassemia/HbE is a genetic defect.  It is one of the common double 

heterozygote for β-thalassemia and HbE diseases form that prevalent in Thailand (2).  

Thalassemic red cells are generally prone to hemolysis and have shorten survival 

compared to normal red cells.  The risks of oxidative stress are claimed to be increased 

in thalassemic red cells (3).  Severe oxidative damage is observed in erythrocytes due 

to presence of an excess of α- globin chain and excess Fe.  Antioxidants are 

potentially protective agents which help to guard against oxidative hemolysis and its 

clinical manifestation in β-thalassemia/HbE (4). 

 Blood oxidative stress, mainly due to iron overload, has been claimed in 

previous studies to be involved in the etiopathology of the disease.  The current 

therapeutic approach consists of both iron-chelating agents and transfusion of packed 

red blood cells (RBC).  These transfused cells contain relatively conspicuous amounts 

of iron, thus contributing to the iron overload in the patient.  Oxidative damage is 

further enhanced by heme or heme-released iron, both cytoplasmic and bound to cell 

membranes, due to the instability of the hemoglobin moiety in endogenous 

thalassemic RBC.  The excess unpaired α-hemoglobin chains bind to cell membranes 

are readily oxidized and denatured giving rise to typical inclusion bodies              
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(Heinz Bodies) in erythroid precursors and to a lesser extent in peripheral blood 

erythrocytes.  Autoxidation of the globin chains with abnormal release of superoxide 

anion (O2
.-) induces cytoskeleton modifications, protein cross-linking with depletion of 

thiol residues, antioxidant depletion, and lipid peroxidation of cell membranes 

resulting in a shortened cell survival and massive hemolysis.  Furthermore cellular 

enzymes antioxidants are affected (5). 

 Iron overload is claimed to be involved in oxidative stress in thalassemia 

diseases.  The excess Fe will facilitate hydroxyl radical generation from activated 

oxygen species leading to an oxidative stress to the cells and creates organ 

dysfunction. The excess of iron in β-thalassemia patients leads to the saturation of 

transferrin and increase levels of both ferritin which represents an important though 

debatable-parameter to monitor iron overload and or non-transferrin bound iron 

(NTBI) (6).  This free form of iron is able to mediate the production of extremely 

reactive hydroxyl radicals (OH.) (7).  Besides ferritin itself is able to stimulate 

lipidperoxidation to an extent related to the level of iron it contains reducing agents 

such as O2
.- radicals or vitamin C.  They are able to cause the reductive release of Fe2+ 

from the protein and this Fe2+ catalyzes the formation of OH..  Iron accumulates 

particularly in liver, spleen, heart, pancreas and pituitary gland. Transfusion-dependent 

thalassemia patients suffer from liver damage, endocrinological complications and 

cardiac malfunctions (congestive heart failure representing the main cause of death) 

(8).  This suggests the etiopathological involvement of an increased generation of iron-

dependent reactive oxygen species (ROS) leading to oxidative damage further 

amplified by the depletion of antioxidants which become insufficient to cope with the 

high levels of ROS and other radicals, affecting RBC integrity and function. 

Since oxygen and nitrogen-centered free radicals and their reactive species are 

known to react very fast with each other and all kinds of biologically important 

molecules that lead to deleterious effects to cellular structures, impaired cellular 

functions, cell-to cell interactions, and cell death.  For example, the molecular and 

cellular basis for impairment of cardio vascular system and thrombosis regarded as 

life-threatening complications of β-thalassemia remain unknown so far.  The working 

hypothesis is that oxygen radicals overproduced due to enhanced oxidation of 

abnormal hemoglobin and high levels of labile redox active iron might cause 
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imbalance of cell-to-cell interactions between endothelial cells and circulating 

erythrocytes, leukocytes, and platelets.  It inevitably causes the excessive stimulation 

of leukocytes and platelets to release some vasoactive products such as nitric oxide, 

peroxynitrite and arachidonic acid metabolites and to induce the clot formation.         

On the other hand, nitrogen radicals were found to induce iron release from sulfur-iron 

clusters of some enzymes and iron-binding proteins as well as to affect transferrin 

binding receptors on cellular membranes.  That results in irreversible inactivation of 

enzymatic activity, deterioration of iron uptake, and increased levels of  “free” easily 

oxidizable iron (9). 

 An ex vivo evidence of severe oxidative stress in thalassemia patients was 

provided by excessive formation of oxygen radical and nitrogen radical in the blood 

cells by increased levels of oxidized products in the plasma and cellular membranes 

and by abnormal pattern of the main endogenous antioxidant systems.  Therapeutic 

administration of iron chelators, particularly deferiprone (L1), to thalassemia patients 

resulted in an improvement at least partially the state of oxidative risk (9).  

 However, the interaction of chelators and scavengers with iron ions may lead 

to the formation of redox active iron-chelator (for example iron-EDTA) or iron-

scavenger complexes in which the reduction of inactive ferric ions into catalytically 

active ferrous ions occurs.  These complexes are known to exhibit substantial pro-

oxidant properties.  Therefore, selection of chelator scavengers and antioxidant 

preparations feasible for chronic administration to thalassemic patients should be done 

with great accuracy.  The in vitro and in vivo animal experiments on the protection 

against oxidative stress associated with iron overload and chelating allowed us to 

select two non-toxic free radical scavengers, mainly of natural origin to carry out open 

case-controlled clinical trials.  The aimed to ameliorate the oxidative stress in 

thalassemia patients treated with deferiprone.  Bionormalizer (BN), a Japanese 

nutraceutical prepared by the fermentation of carica papaya, possesses unique 

regulatory properties together with typical free radical scavenging activity.              

The immugen is a dietetic product made up of antioxidant substances useful to 

effectively contrast the action of the free radicals (9). 
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CHAPTER II 

OBJECTIVES 

 

 

 
The objectives of this study are: 

1. to evaluate the oxidative status in β-thalassemia/HbE patients. 

2. to determine the antioxidant effect of Immugen in β-thalassemia/HbE 

patients. 

3. to determine the antioxidant effect of bionormalizer in β-thalassemia/HbE 

patients. 

4. to determine the antioxidant effect and iron chelator effect of deferiprone in      

β-thalassemia/HbE patients. 

5. to study the effect of combination administration of deferiprone with other 

antioxidants. 
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CHAPTER III 

LITERATURE REVIEW 

 

 

 

1.  Pathophysiology of β-thalassemia/HbE 

        The β thalassemia is characterized by reduced synthesis of β globin chains.  They 

can be further subdivided into two main groups.  One form is the total absence of       

β-chain production or commonly referred to β0 thalassemia (absence of HbA) and 

another is β+ thalassemia, a partial deficiency of β-chain production (small amount of 

HbA).  Hemoglobin E is also commonly found in Southeast Asian region.  The 

mutation occurs at codon 26 of the β-globin gene, which activates an adjacent cryptic 

splice site, acting as a mild β+-thalassemia determinant. Interaction between               

β-thalassemia and HbE leads to β-thalassemia/HbE disease which is one of public 

health problem in this region.  

        In the absence or inadequate β-globin chain production, the amount of α-globin 

chains is out balanced, presents in excess and precipitates within developing erythroid 

progenitors in bone marrow as well as within peripheral red cells.  These excess         

α-chains are unstable and almost certainly give rise to those inclusion bodies found in 

the precursors red cells.  These precipitates damage cell membrane, leading to 

premature intramarrow destruction of the RBC which is known as ineffective 

erythropoiesis.  The ineffective erythropoiesis in severe β-thalassemia is massive and 

leads to the expansion of marrow mass and cavities with an increase of extramedullary 

heamatopeiesis, in an attempt as a compensation for the inadequate Hb A-production.  

The marked degree of ineffective erythropoiesis combines with the shortened 

peripheral red cell survival produce a severe degree of anemia in β-thalassemia.      

The erythroid hyperplasia and ineffective erythropoiesis are probably responsible for 

the increased iron absorption together with regular blood transfusion which can result 

in chronic iron overload and an early death in these patients (Figure 1). 
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Figure 1  Pathophysiology of β-thalassemia (10). 

        Thalassemic erythrocytes have several well-defined metabolic abnormalities.  

The membrane is more permeable to potassium, and there is a reduced ability to 

generate ATP (11,12).  It seems probably that the inclusion bodies resulting from the 

precipitated α-chains (13) are in some way related to the change of membrane 

physiology.  Membrane damage might also be caused by lipid peroxidation resulting 

from the production of free radicals in RBC. 

 

2.  Iron metabolism in thalassemia 
        Iron is an essential element which is used by the body for the production of 

hemoglobin which absorbs oxygen and distributes it to the tissues.  Non-heme iron is 

stored in the body as ferritin and transported by the protein transferrin, both of which 

proteins are unsaturated with ferric ions (Fe3+) under normal conditions.  In cases of 

iron overload the natural storage and transport proteins become saturated and 
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overwhelmed and the iron spills over into other tissues and organs such as spleen, the 

liver, heart and pancreas.  As it accumulates, difficulties arise because of the toxicity 

of the metal ion.  These difficulties can be relieved by the administration of an 

appropriate chelating agent which can bind with the iron and increase its rate of 

excretion, generally by the formation of thermodynamically stable complexes which 

are excreted in the urine or in the feces (14,15). 

        An adult human contains about 4-5 g of body iron, absorbs about 1 mg iron per 

day from diets and excretes approximately the same amount to keep body iron in 

balance.  Regulation of iron contained in the body is done by controlling iron uptake in 

the gut.  Since the total plasma iron turnover is 35 mg per day, an extremely efficient 

mechanism in preserving iron must exist in the body (16).  There is no specific 

physiological mechanism for excreting iron.  The repeated blood transfusion will, 

therefore lead inevitably to an excess accumulation of iron in the body. 

        About two thirds of body iron is found in hemoglobin, with smaller amount in 

myoglobin, various enzymes and the transport protein transferrin.  Iron not required 

for these mentioned is stored as ferritin and hemosiderin.  They are found mainly in 

liver, spleen, and bone marrow, but to a limited extent in most other tissues and some 

ferritin is found in blood plasma.  The excess iron is also presented in a low molecular 

form within cell and in plasma leading to free radical mediated damage to various 

tissues (Figure 2).  

 

        2.1  Transferrin 

        Some of the iron absorbed is retained in the gut mucosal cells within ferritin and 

other proteins.  It will lost in the feces when these cells are shed.  The rest enters the 

circulation bound to transferrin.  Transferrin also accepts iron released by the 

destruction of aged red cells, e.g. in the spleen (estimated as 20-25 mg/day).  

Circulating transferrin only accounts for about 3 mg of total body iron, but this iron 

turns over about 10 times daily (18).  Transferrin is a glycoprotein (relative molecular 

mass 79,000), mostly synthesized in the liver.  Transferrin has N-terminal and           

C-terminal domains, each of which tightly binds one atom of Fe3+ at pH 7.4.  Two 

monoferric forms of transferrin can therefore exist, with iron bound to the N-terminal 

or to the C-terminal domains, respectively.  Tight binding of iron to either domain 
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requires the presence of carbonate (CO3
2-) or bicarbonate (HCO3

-) (19) anion.             

In healthy people, transferrin is usually no more than 20-30% loaded with iron.  Hence 

human and other animal blood plasmas have considerable iron-binding capacity and 

their content of ‘free’ iron ions is virtually zero.  The affinity of transferrin for iron at 

pH 7.4 is high (stability constant ≈1022) and is slightly higher for the C-terminal 

domain than the N-terminal domain.  The strength of binding decreases at lower pH 

values. 

 

 
Figure 2  Turnover of iron pools in normal human adult (17). 

 

        Transferrin can bind several metal ions other than Fe3+, although with lower 

affinity, including aluminium [Al (III), stability constant ≈1012] and bismuth           

[(Bi (III)], stability constant ≈1019 (20,21). 

 

          2.2  Ferritin 

        Most intracellular iron is stored in ferritin.  Mammalian ferritin consists of a 

hollow protein shell, (12-13 nm outside diameter and 7-8 nm inside diameter), 
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composed of 24 subunits.  Each subunit has a relative molecular mass of about 20,000.  

The shell surrounds an iron core that can hold up to 4,500 atoms of iron per molecule, 

but usually has fewer (22).  Traces of other metals can be present in ferritin including 

copper (23). 

        Iron enters ferritin as Fe2+, which is oxidized to Fe3+and deposited in the core as 

an insoluble hydrated ferric oxide.  The chemistry of the oxidation is uncertain, but 

phosphate associated with ferritin plays an important role.  How cells release iron from 

ferritin is similarly uncertain; in vitro, iron can be released as ferrous ion (Fe2+) by 

several reducing agents including ascorbate, thiols, urate and reduced flavins.  Iron 

enters and leaves through channels which are of two types: non-polar and polar 

(probably much more important) (24). 

         Mammalian ferritin is made of two subunit types (H- and L-chains).  H- and L-

chains are similar of size with some 50% amino acid sequence identity.  Ferritin 

proteins vary widely in H/L ratios, from H24L0 to H0L24.  Ratios often change in 

various diseases.  In general, ferritin in liver and spleen are richer in L-subunits than 

those in heart and brains.  By contrast, bacterioferritin and plant ferritin are 

homopolymers; bacterioferritin contain bound heme (25). 

        The H-chains have a metal-binding site and can oxidize Fe2+ to Fe3+.  At low 

fluxes of iron into ferritin, H2O2 is produced on the H-chains whereas at high fluxes 

Fe2+ oxidation can also occur on the surface of the growing core (26).  Tyrosyl radicals 

and OH. have been detected from ferritin during iron loading but are (fortunately) not  

stoichiometrically produced as Fe2+ is oxidized (27). 

        Ferritin can be converted in lysosomes into an insoluble product called 

haemosiderin, probably by proteolytic attack (28,29). 

 

         2.3  Non-transferrin-bound iron 

        Non-transferrin bound iron (NTBI) represents a heterogeneous group of small 

molecular weight iron compounds that may be non-specifically bound to albumin and 

other serum proteins (30).  These low molecular weight iron complexes are available 

for the formation of harmful oxygen derivatives (31).  Wagstaff et al. (32) reported 

that NTBI is a low molecular weight iron complex found in patients with completely 
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saturated transferrin.  NTBI exists in cases of β-thalassemia/HbE with severe iron 

overload and is associated with higher transferrin iron saturation and higher plasma 

ferritin levels (33).  Moreover, NTBI in β-thalassemia patients with heavy iron 

overload is found in liver parenchymal cells and in various organs (34). 

        The non-transferrin-bound iron (NTBI) found in the blood plasma of iron 

overload haemochromatosis or thalassemia patients stimulates lipid peroxidation and 

the formation of OH. radicals from H2O2 in experiments in vitro, which suggests that 

the pathology of iron overload is related to increased free radical damage.  The 

sensitivity of the heart to even a small loading with iron might be explained by its 

relatively poor protection against oxygen radicals: cardiac catalase activity is low and 

activities of superoxide dismutase (SOD) and glutathione peroxidase are only 

moderate (35). 

        Some evidence consistent with this ‘radical hypothesis’ of damage induced by 

iron overload has been obtained e.g. iron overloaded patients show elevated levels of 

certain lipid peroxidation end-products, protein carbonyls, and subnormal levels of 

vitamin E and vitamin C (36).  An additional mechanism of damage is the labilization 

of lysosomal membranes caused by excessive formation of haemosiderin within them.  

This lysosomal damage might be a consequence of iron-stimulated lipid peroxidation.  

However, present evidence, although suggestive, dose not rigorously proved that free 

radical reactions are a major cause of the pathology of iron overload (35). 

 

3.  Iron overload in thalassemia 
        Iron overload in patients with refractory anemia may be the consequence of 

repeated blood transfusion, of excessive absorption of dietary iron, or of a combination 

of both.  In patients with thalassemia major (Cooley’s anemia), death in infancy from 

anemia can be averted by a regular transfusion program, which, if adequate, allows for 

normal growth and development during the first decade of life.  Without treatment, 

growth slows, liver disease, diabetes and other endocrine disturbances develop, and 

death owing to iron loading of the myocardium occurs toward the end of the second 

decade, typically as a result of cardiac dysfunction (37,38).   

        In patients on a high transfusion regimen, erythropoiesis is suppressed and iron 

absorption may be near normal, but each unit of transfused red cells contains 200-250 
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mg of iron.  Most patients with thalassemia major require 200-300 ml/kg/year of 

blood, an amount equivalent to 0.25-0.40 mg Fe/kg/day (39).  Initially the transfused 

iron is held within macrophages in the reticuloendothelial system, but as more 

accumulates parenchymal deposition and damage develop.  In transfused patients with 

ineffective erythropoies and combined parenchymal and reticuloendothelial iron 

deposition (thalassemia major), levels below about 400 mg Fe/kg have been suggested 

to be “safe”, levels of 750 mg Fe/kg to be toxic (with growth failure and 

endocrinopathy), and levels of 1,000 mg Fe/kg or more to be lethal (40,41). 

        Untreated patients with thalassemia major die in infancy, but can be kept alive by 

regular blood transfusions.  Since each unit of blood contains about 200 mg of iron, 

the patients eventually become iron-overloaded, leading to saturation of transferrin 

and often the appearance of non-transferrin-bound iron in the blood.  Iron 

accumulates, especially in the liver heart, pancreas and spleen.  Lesser iron 

accumulates in the heart, but this organ is very sensitive to iron.  Hence many 

thalassemia patients treated by blood transfusion suffer from cardiac dysfunctions.  

Similar problems arise in the treatment of other chronic anemias by repeated 

transfusion.  Treatment of iron overload resulting from idiopathic haemochromatosis 

is usually by blood-letting (phlebotomy or venesection), whereas chelating agents are 

administered to transfused thalassemic patients in an effort to slow or prevent the 

accumulation of iron in the body (42). 

        The excessive accumulation of iron in thalassemia disease is the deleterious and 

leads to an early death.  The increase in iron exchange in thalassemia parallels to the 

increased erythropoiesis (43).  Although the red cell holds an increased amount of 

iron, it returns a far greater proportion of processed iron than is normally returned to 

transferrin.  There is progressive iron loading because iron cannot be lost from the 

body in an amount equal to that absorbed and the surplus iron is being actively 

mobilized from the red cell into the parenchymal tissues, particularly the hepatocyte.  

It improves the iron supply to the marrow by increasing plasma iron concentration 

(44,45).  

        The determinants of iron overload are not just the effect of erythropoiesis on iron 

absorption but also the result of red cells transfusion.  The greatest degree of overload 
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is in those patients who are maintained at a hemoglobin of about 12 g by transfusion, 

indicating the dominant role of iron from transfused red cell (46). 

        Iron overload in thalassemia can usually be detected by the increase in plasma 

ferritin, values increasing into the hundreds and thousands are the characteristic of 

iron-loading thalassemia (44).  Other supportive evidence of iron excess includes an 

elevated transferrin saturation of over 60 % (44, 47). 

        Chronic iron overload is associated with the deposition in tissue of large amount 

of haemosiderin, and most cellular haemosiderin is located in the lysosomes.  The 

addition of haemosiderin to lysosomes and the exposed iron core of haemosiderin may 

be dissolved at the acidic pH conditions prevailing lysosomes.  The resulting low 

molecular weight iron complex may be available to participate in free radical 

formation and responsible for the disruption of lysosomal membrane resulting in the 

release of hydrolytic enzymes into the cell and ultimately in cell death (48). 

        An alternative source of iron available for free radical formation is the non-

transferrin bound iron detected in the plasma of patients both thalassemia and 

hereditary haemochromatosis with severe iron overload.  In such patients, the iron 

binding capacity of transferrin is exceeded, transferrin iron saturation is fully or over 

saturated.  Three to 7 µmol/L of plasma iron is found in form of low molecular weight 

complexes, which are lossely bound to plasma proteins.  Such iron is readily available 

for participating in free radical formation and suspected a possible form of iron 

responsible for iron toxicity (49).  Pootrakul et al. (50) have demonstrated that some 

ferritin iron shifts in vitro to apotransferrin, and suggested that the increased amounts 

of ferritin iron may affect the saturation of plasma transferrin and the nontransferrin 

iron is partially due to the presence of ferritin iron. 

 

4.  Evaluation of iron status 
Several methods are used to find the clinical estimation of the body iron store.  

However, no single method has yet been proven to be clearly superior.  Most 

estimation used more than 2 techniques to determine accurately the body iron status.  

Such determinations are essential for the evaluation of various chelation regimens. 

1. A rough estimation of total body iron stores may be obtained by calculating the 

amount of blood administered, but this is useful only in patients whose iron absorption 
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is minimal and frequently transfused.  Since each unit of blood contains 200-250 mg 

of iron, calculating the amount of hemoglobin from total blood is obtained, and 1 g 

hemoglobin contains 3.4 mg of iron. 

2. Plasma iron concentration (PI) or serum iron concentration (SI) and total iron 

binding capacity (TIBC), the percent of transferrin iron saturation is calculated as 

follows: 

Transferrin iron saturation = SI or PI x100 % 

                                                                                     TIBC 

 

        Normal values are 30-50 % transferrin iron saturation, the value exceeds 60% is 

considered high.  In iron overload patients, transferrin iron saturation usually exceeds 

60% and may be almost 100 % or over.  The serum iron is increased and TIBC usually 

decreases. 

        The serum iron concentration and transferrin saturation are increased in all 

transfused patients and cannot be considered indicators of the degree of body iron 

overload.  However, if transferrin is completely saturated, very toxic, non-specific 

plasma iron may be present (51), providing information on the degree of risk of iron 

toxicity. 

        Nevertheless, the measurement of serum iron concentration is a useful screening 

test, being elevated in 98 percent of untreated cases of haemochromatosis.  A fall in 

the serum iron level at any time in these patients may occur with infections, 

inflammation and chronic diseases (52). 

3. Serum ferrrin concentration, with the development of a sensitive      

immunoradiometric assay, ferritin has been shown to be present in normal serum (53).  

The later developed procedure for quantitating the serum ferrritin concentration is the 

enzyme linked immuno assay (ELISA).  The sensitivity of this technique appears 

sufficient for clinical purpose (52,54). 

        In normal individuals, the serum ferritin correlates well with iron stores (55) and 

similarly with transfusional iron burden in thalassemia patients with no liver damage 

(56).  The normal values are 20-200 ng/ml.  The concentration is increased in iron 

overload with serum ferrritin exceeds 300 ng/ml.  The values are less than 20 ng/ml 

and less than 12 ng/ml in iron depletion and iron deficiency, respectively.  However, 
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patients with active liver damage, inflammation, infection may have markedly 

increased serum ferritin including the chronically transfused individuals.  When the 

serum ferritin exceeds 4,000 µg/L, or when the patient has received more than 100 

units of blood, serum ferritin levels may not reflect the total body iron stores (57). 

4. The measurement of the ferritin concentration in the erythrocyte and 

leukocytes (58,59,60,61) can be assessed by immunoradiometric assay (IRM) and the 

enzyme linked immuno assay (ELISA).  The ferritin concentration in erythrocytes 

from patients with thalassemia, sickle cell disease and sideroblastic anemia were much 

higher than in normal cells (62). 

        There is high value of red cell ferritin in thalassemia patients that can be 

explained by assuming that iron, which cannot be utilized for haemoglobin synthesis, 

will be stored in ferritin molecules, and the amount of red cell ferritin is increased.  

Thus, the determination of red cell ferritin appears offering help in evaluation of iron 

overload except in patients who received blood transfusions. 

5. Measurement of desferrioxamine urinary iron excretion (UIE) (44), can be 

evaluated by intramuscular injection of desferrioxamine (DFO) at dose of 10 mg/kg 

body weight.  Twenty-four hour urine is collected after the DFO injection.  The 

urinary iron concentration is determined and expressed as mg/24 hours.  In normal 

individuals, the urinary iron excretion and not exceed 2 mg/24 hours.  The increased 

urinary iron excretion is found in patients with parenchymal iron overload. 

6. Direct measurement of iron concentration in biopsy liver tissue is the most 

accurate way of estimating the iron burden.  Histochemical section of liver biopsy 

specimens can be stained with hematoxylin and eosin and special stain with Prussian 

blue is the method to quantitate the storage iron status.  The chemical estimation of the 

non-heme iron concentration in small tissue samples or atomatic absorption technique 

is the most accurate method that estimated the iron stores by calculating the amount of 

iron in millgram per gram dry weight (44).  This measurement correlates well with the 

total amount of blood given, and with the extent of hepatic fibrosis (63). 

7. Non-invasive technique; the magnetic susceptibility of ferritin and 

hemosiderin have been used as a way of estimating iron concentration by magnetic 

resonance imaging (MRI) technique and magnetic susceptometer.  These methods 
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seem to correlate well with biopsy measurement of iron content, serum ferritin 

concentration and become more valuable promising (64,65). 

 

5.  Oxidative stress and free radicals 
        Oxidative stress represents a living state that oxygen-derived species such as 

superoxide (O2
.-), hydrogen peroxide (H2O2), hydroxyl free radical (HO.), lipid 

peroxides, or related species can be easily generated both intra- and extra-cellularly.  

Such agents cause various degree of toxicity in cells and can lead to either transient or 

irreversible damage (66). 

        Free radicals can be defined as molecules or molecular fragments with an 

unpaired electrons (67).  This unpaired electron usually gives a considerable degree of 

chemical reactivity to the free radicals.  This definition includes the hydrogen atom 

(one unpaired electron), most transition metals and the oxygen molecule itself.  The 

O2, a triplet molecule in the ground state, has two unpaired electrons with parallel 

spins, each located in a different ¶  antibonding orbital.  These two electrons have the 

same spin quantum number and so if O2 attempts to oxidize another atom or molecule 

by accepting a pair of electrons from it, both new electrons must be of paralleled spin 

so as to fit into the vacant spaces in the ¶  orbital.  A pair of electrons in an atomic or 

molecular orbital would, however, have antiparallel spin (of +1/2 and -1/2).  This 

imposes a restriction on oxidations by O2 which tends to make O2 accept its electrons 

one at a time and shows its reaction with non-radical species (Figure 3).  Transition 

metals are also have ability to accept and donate single electrons can overcome this 

spin restriction (67). 

        Aerobes have evolved antioxidant defenses essentially because O2 is poisonous.  

The evolution of O2 tolerance mechanisms has allowed aerobes to use O2 for 

metabolic transformations (e.g., oxidase and hydroxylase enzymes, such as tyrosine 

and phenylalanine hydroxylases, and cytochrome P450) and for efficient energy 

production using electron transport chains with O2 as the terminal electron acceptor.  

The mitochondrial electron transport chain generates over 80% of the ATP needed by 

aerobic cells; the lethal effects of electron transport chain inhibitors, such as cyanide, 

show how important this activity is to humans (68). 
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Figure 3  Electronic structures of singlet oxygen, ground state oxygen and the oxygen 

radicals (67). 

 

        The reactive oxygen species (ROS) and reactive nitrogen species (RNS) (Table 1) 

arise in the human body.  Some are generated by “accidents of chemistry”.  For 

example, superoxide radical (O2
.-) and hydrogen peroxide (H2O2) can arise via the 

direct oxidation of several biomolecules by O2.  Examples are adrenaline, dopamine, 

tetrahydrofolates, and some components of mitochondrial and cytochrome P450 

electron transport chains.  Such O2
.- generation is probably an unavoidable 

consequence of having these “autoxidizable” molecules in a body that needs oxygen.  

In addition, humans are exposed to radiation from the environment, both natural (e.g., 

radon gas, cosmic radiation) and from man-made sources.  Low-wavelength 

electromagnetic radiation (e.g., gamma rays) can split water in the body to generate 

the viciously reactive hydroxyl radical (OH.) (69).  Ultraviolet light is insufficiently 

energetic to split H2O2, but it can cleave the O-O covalent bond in H2O2 to give 2 OH..  

Other environmental toxins to which humans can be exposed include ozone (O3), 

NO2
., and complex mixtures, such as cigarette smoke and diesel exhaust (70). 
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   Reactive Oxygen Species (ROS) 

 

 Radicals       Nonradicals 

 

 Superoxide, O2
.-     Hydrogen peroxide, H2O2 

Hydroxyl, OH.     Hypochlorous acid, HOCl 

Peroxyl, RO2
.     Hypobromous acid, HOBr 

Alkoxyl, RO.     Ozone, O3 

Hydroperoxyl, HO2
.    Singlet oxygen 

 

 

 

Reactive Nitrogen  Species (RNS) 

 

Radicals     Nonradicals 

 

Nitric oxide, NO.    Nitrous acid, HNO2 

Nitrogen dioxide, NO2
.   Nitrosyl cation, NO+ 

       Nitroxyl anion, NO- 

       Dinitrogen tetroxide, N2O4 

       Dinitrogen trioxide, N2O3 

       Peroxynitrite, ONOO- 

       Peroxynitrous acid, ONOOH 

       Nitronium cation, NO2
+ 

       Alkyl peroxynitrites, ROONO 

 

Table 1  Reactive Oxygen and Nitrogen Species (70). 

 

        In addition to this unavoidable generation of ROS/RNS, some are made 

deliberately in vivo.  One obvious example is NO. (71,72).  Another example is 

provided by the phagocytes (neutrophils, monocytes, macrophages, and eosinophils) 

that defend against foreign organisms.  They generate O2
.- and H2O2; in the case of 
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neutrophils hypochlorous acid (HOCl) is produced as one of their mechanisms for 

killing foreign organisms.  This essential defense mechanism can go wrong: several 

diseases, such as rheumatoid arthritis and inflammatory bowel disease, are 

accompanied by excessive phagocyte activation that results in tissue damage, to which 

ROS/RNS contribute (72,73,74). 

        It has been estimated that 1-3% of the oxygen we inhale is used to make O2
.-.  

Since humans consume a great deal of O2, a simple calculation shows that over 2 kg of 

O2
.-  is made in the human body every year and people with chronic inflammations 

may make much more (75). 

 

        5.1  Reactive oxygen species  

        By definition, reactive oxygen species (ROS) are the species that appear in the 

series of four one-electron-uptake steps when an oxygen molecule, O2 is reduced to 

water, H2O.  In the laboratory experiment, this can be achieved by electrochemical 

reduction of O2 in the aqueous solution of an inert electrolyte (Figure 4) (76). 

 

 

 

 

 

 

Figure 4  The reduction of oxygen to water (76). 

 

        The series of ROS emerging from the step by step reduction of O2 to H2O.  The 

dots in the two species O2
.- and OH. indicate that they are radicals, i.e. they contain an 

uneven total number of electrons.  The symbol of an electron is e-.  It is customary to 

include singlet O2 in the list of ROS in addition to O2
.-, H2O2, and OH.-, O2 has been 

omitted here because it is not relevant in the context of the role of iron in oxygen-

mediated toxicity (76). 

        The most important reactive oxygenated chemical species are the superoxide 

anion radical (O2
.-), the hydroxyl radical (OH-) considered the most reactive, hydrogen 

peroxide (H2O2), which is really not a free radical, but can easily generate some.  The 

e_  e_        e_        e_ 
  O2  .O2    H2O2      .OH     H2O 

          +2H+    -OH-     +H+ 
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superoxide anion as well as hydrogen peroxide are known to be produced in biological 

systems but are relatively innocuous when reacting with certain biomolecules.  In the 

presence of the ions Fe3+ and Cu2+, they can be converted into the hydroxyl radical 

through the following chemical reactions: 

 

 

 

 

  

 

        The reactions where the hydroxyl radical is formed (Haber-Weiss Cycle) 

generally result in the oxidation of the metal, which is limited by its availability in its 

reduced state, a condition, which can be accelerated by the presence of reducing 

agents.  Under normal conditions, organisms maintain metals firmly linked to certain 

biomolecules, in the same way as iron (Fe) is firmly associated to hemoproteins and 

ferritin, while copper (Cu) is to ceruloplasmin and albumin.  This finding importantly 

reduces the activity of these metals for the production reactions of reactive oxygen 

species acting as an antioxidant mechanism, yet under certain pathological conditions 

a redistribution of these proteins can occur and even a liberation of the transition 

metals associated with them, making them possible to intervene in reactions which 

produce oxygen free radicals.  It is important to note that those proteins linked to 

transition metals are not exempt from damage by radicals.  In fact, it has been 

descrided that those amino acids located near the metal linkage sites present oxidative 

modifications by certain active forms of oxygen as the ferril ion (Fe2+O2), perferril ion 

(Fe3+O2) or the peroxyl radical.  These oxygen species are not liberated and react 

perfectly with functional amino acid groups to the metal linkage site.  This is based on 

the fact that these reactions are not inhibited by the free radical eliminators or 

scavenger molecules (77). 

 

        5.2  Nitric oxide (NO.) 

        Nitric oxide (NO.) is an important bio-regulatory molecule in the nervous, 

immune, and cardiovascular systems.  The physiological involvement of NO. in 

H2O2 + Fe2+  Fe3+ + HO- + HO.- (Fenton reaction) 
Fe3++ O2  Fe2 + O2

.- 

                         Fe2+/Fe3+ 
 O2 + H2O2  O2

.- + HO- + HO. 
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neuronal transmission, control of vascular tone, and immune response-induced 

cytostasis as well as the deleterious effects associated with altered levels of NO. 

synthesis culminated in the selection of the free radical gas as “1992 Molecule of the 

Year” (78). 

        Nitric oxide (NO.) has many useful functions such as regulation of blood pressure 

and platelet function, but too much NO. is toxic.  Excess NO. production is thought to 

be an important tissue injury mechanism in such conditions as chronic inflammation, 

stroke, and septic shock.  Other RNS, such as nitrogen dioxide (NO2) and peroxynitrite 

(ONOO-), are probably always damaging.  The balance between RNS/ROS is also 

important in determining tissue injury.  Thus NO. reacts very quickly with O2
.- to 

generate ONOO-. Peroxynitrite may mediate several of the cytotoxic effects of excess 

NO., such as the destruction of iron/sulphur clusters in certain enzymes (79). 

        Nitric oxide also rapidly reacts with lipophilic peroxyl radicals, important 

propagating species in the biological chain reaction of lipid peroxidation, to generate 

alkyl peroxynitrites (ROONO).  These appear to be far more stable than ONOO- (80).  

If ROONO derivatives can be metabolized without the release of toxic free radicals 

then the reaction of NO. with peroxyl radicals is potentially beneficial because it 

allows NO.. to inhibit lipid peroxidation.  The ratio of NO. to ROS is important since 

ONOO- can cause lipid peroxidation.  Thus a 1:1 ratio of O2
.- to NO. generates ONOO- 

and induces lipid peroxidation, whereas an excess of NO. can inhibit lipid peroxidation 

by scavenging peroxyl radicals.  Such interactions may be particularly important in 

cardiovascular disease, especially the development of artherosclerosis (81). 

        The overall reaction catalyzed by nitric oxide synthase (NOS) is shown in    

Figure 5.  NO. synthesis is dependent on reducing equivalents derived from reduced 

nicotinamide adenine dinucleotide phosphate (NADPH), and requires molecular 

oxygen as a substrate.  The conversion of L arginine to L-citrulline with production of 

NO. takes place in two steps with NG-hydroxy-L-arginine (NOHLA) as an 

intermediate.  Two moles of O2 and 1.5 mol of NADPH are consumed per mole of 

formed products (82). 
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Figure 5  The nitric oxide synthase (NOS) reaction (82). 

 

        Both reaction steps are catalyzed by heme iron.  The initial hydroxylation of                

L-arginine is formally equivalent to a typical cytochrome P450 monoxygenase 

reaction.  The second step involving 1 electron oxidation of the intermediate NOHLA 

is unusual but not unique among cytochrome P450-catalyzed reactions.  Conventional 

P450s were shown to catalyze oxidation of NOHLA and related guanidines to NO. and 

the corresponding urea derivative.  Turnover rates are low, but NO is known to 

inactivate P450s through high-affinity binding to ferrous heme, resulting in formation 

of rather stable inhibitory nitrosyl-heme complexes (82). 

        There are three NOS isozymes.  Isozyme I is constitutively present in central and 

peripheral neuronal cells and certain epithelial cells.  Its activity is regulated by 

Ca2+and calmodulin.  Its function includes long-term regulation of synaptic 

transmission in the central nervous system, central regulation of blood pressure, and 

smooth-muscle relaxation.  It has also been implicated in neuronal death in 

cerebrovascular stroke.  Isozyme II (in cytokine-induced cells) is usually not 

constitutively expressed but can be induced in macrophages and many other cells.  The 

activity of isoform II is not regulated by Ca2+.  A similar isozyme can be induced in 

other cell types such as smooth-muscle cells, fibroblasts, hepatocytes, etc.  Induced 

NOS II is involved in the pathophysiology of autoimmune disease and septic shock.  

Isoform III has been found mostly in endothelial cells.  It is constitutively expressed 

and regulated by Ca2+ and calmodulin.  NO. from endothelial cells keeps blood vessels 

dilated, and prevents the adhesion of platelets and white cells (78). 
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        5.3  Glutathione S transferase (GST) 

        A group of proteins that have in common the ability to bind reduced glutathione 

(GSH) and a wide variety of hydrophobic compounds have been isolated and 

characterized from rat and human liver.  If the hydrophobic compounds bear 

sufficiently electrophilic atoms (usually carbon), these proteins will catalyze a 

conjugation reaction between the compound and GSH.  They have therefore been 

classified, based on their enzymatic activities, as glutathione S transferases or GSH S 

transferases. 

        The functions of glutathione S transferases may be classified into two general 

categories.  As binding proteins, they function intracellularly on a broad scale in the 

solubilization and transport of substances, much as albumin functions extracellularly.  

An example is the binding of bilirubin.  One of the glutathione S transferases in rat 

liver, designated transferase-b, has been shown to be identical to the bilirubin-binding 

protein or ligandin.  This protein is believed to be important in the uptake and 

transport of bilirubin in hepatocytes. 

        The second major function is believed to be the protection of cellular constituents 

from electrophilic, xenobiotic chemicals.  The preferential reaction of the electrophilic 

agent with GSH through the enzymatic action of glutathione S transferase prevents its 

reaction with other cellular nucleophiles.  In addition to the protective enzymatic 

properties of glutathione S transferases, they may also detoxify certain extremely 

reactive substances by the direct covalent binding of the electrophilic agent to the 

proteins.  Although glutathione S transferases have been studied most extensively and 

occur in highest concentrations in liver, these enzymes are present in a wide variety of 

tissues.  A form of the enzyme, designated glutathione S transferase p, exists in human 

erythrocytes.  It is immunologically distinct from the multiple forms of glutathione S 

transferase found in the human liver.  The physiologic role of this enzyme is not 

known.  It has been suggested that the location of the enzyme in erythrocytes is ideal 

for the removal of circulating xenobiotics.  One might also consider that glutathione S 

transferase occurs in erythrocytes primarily for the protection of erythrocytes against 

electrophilic compounds, rather than serving a general protective function in the body.  

        A potential binding and transport function of erythrocytes glutathione S 

tranferase should also be considered.  The final enzymatic step in heme synthesis     
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(the ferrochelatase reaction) occurs on the inside of the inner mitochondrial

membrane.  Once formed, heme must move from the matrix through the mitochondrial

membranes to the cytoplasm for incorporation into hemoglobin.  The mitochondria

inner membrane is an important permeability barrier for heme.  The efflux of heme

from both liver and reticulocyte mitochondria may be regulated by one or more

cytosolic proteins. Studies of liver forms of glutathione S transferases indicate that

these proteins bind hemin with variable affinities.  In addition, based on pulse labeling

studies in rats, it has been suggested that glutathione S transferase may function as a

heme transport protein.  The present study examines the possibility that a major

function of this protein in erythrocytes might be to serve as a heme-binding and

transport protein.  Hemin binding was studies by inhibition of enzyme activity with

heme (83).

        5.4  Superoxide anion in erythrocytes and leukocytes

        If single electron is added to the ground-state O2 molecule, it must enter one of

the π antibonding orbitals (Figure 3).  The product is superoxide radical, O2
.-.  With

only one unpaired electron, superoxide is less of a radical than is O2 itself, despite its

‘super’ name.  Indeed, some authors write it as O2
- rather than O2

.- .

        Addition of another electron to O2
.- will give O2

2
-, the peroxide ion which as may

be seen from Figure 3 is not a radical.  Since the extra electrons in O2
.- and O2

2- are

entering antibonding orbitals, the strength of the oxygen-oxygen bond is decreasing.

In ground state O2 atoms are effectively bonded by two covalent bonds, but in O2
.-

only by one-and-a-half bonds (there is an extra electron in an antibonding orbital), and

in O2
2

- by one bond only.  Hence the oxygen-oxygen bond in O2
2- is much weaker.

Addition of another two electrons to O2
2

- would eliminate the bond entirely since they

would go into the σ 2p orbitals, so giving 2O2- species.  Usually in biological systems

the two-electron reduction product of O2 is hydrogen peroxide (H2O2), and the four-

electron product, water (84).
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            one-electron  

  O2   O2
.- 

   reduction 

 

   two-electron 

  O2   H2O2 (protonated form of O2
2

-) 

        reduction (plus2H+) 

 

   four-electron 

  O2   2H2O (protonated form of O2
-) 

        Reduction (plus 4H+) 

 

        The most important reaction of the superoxide anion with regard to living 

organisms is the dismutation reaction (1), which produces the well known oxidant 

hydrogen peroxide H2O2.  This reaction is relatively slow in neutral solution, but in 

cells it is extremely rapid due to catalysis by a group of enzymes, the superoxide 

dismutase (SOD). (85). 

 

 

 

        5.5  Methaemoglobin 

        Hemoglobin readily undergoes one-electron oxidation and reduction and it can 

act as a source or sink of free radicals.  Auto-oxidation of the heme groups produces 

O2
.- and indirectly H2O2.  Hemoglobin also interacts with redox-active xenobiotics and 

metabolites forming the xenobiotic radical and initiating a series of reactions that 

generate other radicals and oxidant species and often result in oxidative denaturation 

of the hemoglobin.  In the red cell the outcome can be hemoglobin precipitation as 

Heinz bodies and oxidative damage to other cellular constituents.  Production of O2
.- 

and other radicals can be detected by conventional techniques (e.g., superoxide 

dismutase-inhibitable cytochrome c reduction or electron spin resonance with or 

without the use of a spin trap).  Care must be taken with interpretation however 

2O2
.-+2H+   H2O2+O2 
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because intermediates of hemoglobin oxidation can sometimes participate in the 

detection reaction (86). 

        Formation of O2
.- during haemoglobin auto-oxidation has been detected by its 

reaction with adrenaline or cytochrome C.  The reactions of O2
.- with haemoglobin 

itself, namely the oxidation of oxyHb and the reduction of metHb, and their inhibition 

by superoxide dismutase to demonstrate the reaction.  This eliminates complications 

owing to interaction between haemoglobin and the detecting reagent, which occur with 

both the previous systems.  The results can be considered in terms of the following 

equations (87). 

 

  OxyHb     MetHb+O2
.- (I) 

  OxyHb +O2
-.+2H+   MetHb+H2O2 (II) 

  MetHb +O2
-.    OxyHb  (III) 

 

         SOD 

  2O2
.- + 2H+     O2+H2O2 (IV) 

 

        First for pure oxyHb if reaction (I) occurs, the O2
.- formed should produce more 

metHb by reaction (II).  However, in the presence of superoxide dismutase reaction 

(IV) should prevent reaction (II) and there should be a slower rate of metHb 

formation.  It also follows that since both the dismutation of O2
.- and its reaction with 

oxyHb produce H2O2 which also reacts with oxyHb to give metHb addition of catalase 

should slow the reaction still further.  Alternatively when excess of metHb is present 

during autoxidation reaction (III) will be favoured over reaction (II) and O2
.- produced 

will be mostly used to re-form oxyHb.  When superoxide dismutase is present, 

reaction (IV) will prevent this reverse reaction, and there will be a faster accumulation 

of metHb (87). 
 

6.  Antioxidants 
        Antioxidants are substances that are capable of inhibiting oxidation.  Antioxidants 

prolong the initiation phase or inhibit the propagation phase of autoxidation, but they 

can not completely prevent oxidation. 
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        Antioxidants are classified into two categories: the preventive inhibitors, which 

retard the initiation phase, and free radical chain-breaking antioxidants, which 

effectively remove free radicals from a given system.  Preventive inhibitors may 

induce the decomposition of hydroperoxides into inactive products; examples are 

thiols, sulfides, catalases, peroxidases, and the glutathione peroxidases and 

transferases.  Superoxide dismutases (SOD) act as preventive inhibitors by reducing 

the superoxide anion to hydrogen peroxide.  Physical quenchers of singlet oxygen     

(β-carotene, α-tocopherol and conjugated dienoic isomers of linoleic acid), and 

chelating agents (peptides, polyfunctional organic acids and certain organic/inorganic 

phosphates), also qualify as preventive antioxidants. 

        Free radical chain-breaking antioxidants interrupt the autoxidation chain by 

reacting with free radicals to produce stable products.  A chain-breaking inhibitor is 

rapidly changed to an inactive product or a primary product with residual antioxidant 

activity, which then becomes a stable secondary product following further reaction.  

An example of products produced by sequential reactions of a substrate with free 

radicals is provided by the oxidative transformation of dihydroquinone to the primary 

product, p-hydroxyphenoxyl radical, and finally to the secondary stable product, 

quinone.  Examples of chain-breaking antioxidants include, ascorbate, β-carotene, 

urate, conjugated dienoic isomers of linoleic acid (CLA), phenols, carbazoles, 

furfurals, and furanones. 

        Ideally, antioxidants are regenerated by mild reducing agents or 

disproportionation to the original antioxidant form.  Ascorbate and α - tocopherol, 

respectively the primary water-soluble and lipid-soluble antioxidants in biologic 

systems are examples (88). 

 

        6.1.  Bionormalizer 

        Bionormalizer (bio-catalyzer α.p no 11), a Japanese nutraceutical prepared by the 

fermentation of carica papaya showed bionormalizer possesses unique regulatory 

properties together with typical free radical scavenging activity.  Bionormalizer 

inhibited hydroxyl radical and superoxide production by the fenton reaction and 

xanthine oxidase as well as the production of active oxygen species by the H2O2 
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systems.  At the same time, bionormalizer affected differently the superoxide and 

hydroxyl radical (89). 

        There are several lines of evidence showing that bionormalizer is an effective 

modulator of redox processes which allow maintaining the oxidant/antioxidant balance 

in human.  Bionormalizer also possesses the metal chelating properties.  Thus, in the 

experimental model of iron overload bionormalizer decreased substantially the content 

of membrane-bound iron, the intensity of lipid peroxidation in liver, macrophages and 

erythrocytes with subsequent increase of the erythrocyte survival time.  Furthermore, 

bionormalizer was shown as an inducer of interferon production in both humans and 

animals.  Bio-normalizer therapy will have positive effects to thalassemia patients 

(89). 

        The bio-normalizer contains monosaccharides (mainly glucose), oligo and 

polysaccharides, aspartic and glutamic acid, oligo and polypeptides, retinoic acid, 

flavonoids, and free amino acid (cystein, methione, etc.). 

 

        6.2. Immugen 

        The Immugen is a dietetic product made up of ubiquinone, phospholipids from 

soia, vitamin, l-metionina and selenium substances useful to effectively contrast the 

action of the free radicals (90).  It is able both to prevent and to counter act efficiently 

and innumerable dangerous side effects to organs and tissues by the oxidative stress.  

Infact the peculiar composition of immugen helps neutralizing reactive oxygen species 

and other free radicals which, when in excess can cause damages to cell 

macromolecules, i.e., DNA, lipids and proteins (91). 

        The immugen contains ubiquinone, α-tocopheral acetate, methionine, selenium, 

soybean phospholipid complex (phosphatidylcholine, phosphatidylethanolamine), 

phospatidylinositol, phosphatidic acid, glycolipids, and carbohydrates, neutral lipids. 

        The composition of immugen was selected from these antioxidants and their 

precursor sited by scientific literature as potentially possessing a role in the prevention 

and the possible reduction of certain degenerative disease.  Therefore, immugen is 

recommended for the prevention and treatment of oxidative stress in all its 

manifestations.  Oxidative stress can be defined as any imbalance between pro-oxidant 

forces (reactive oxygen species and other free radicals) and antioxidant defence 
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systems, in which the former ones prevail.  Also known as ubiquinone because it is 

ubiquitous, meaning it exists in every one of the body’s cells.  Coenzyme Q10 is 

essential for the life.  The body cannot survive without CoQ10.  On the other hand, it 

supports cellular energy production by helping synthesize ATP, the body’s primary 

source of energy, and it is, mainly in its reduced form (ubiquinol, CoQ10H2), the most 

important and endogenous lipophilic antioxidant, providing protection from 

lipoperoxidation in cell membreanes and circulating lipoproteins.  Once cell levels of 

this nutrient become more than 25% deficient, many diseases may being, ranging from 

cardiovascular diseases to immunodeficiency and cancer.  Moreover, if CoQ10 levels 

in the body drop much below 75% deficiency, life can no longer be sustained.  RBC 

α-tocopheryl acetate is a stable form of natural vitamin E, a chain breaking antioxidant 

that works in synergy with CoQ10/CoQ10H2 to prevent oxidative damages to lipid 

membranes and plasma phospholipids.  In its antioxidant role, vitamin E becomes 

oxidized; thereafter it can be regenerated particularly by CoQ10H2.  L-methionine, an 

essential amino acid, supplies both the methyl group essential for the biosynthesis of 

phospatidylcholine, the main membrane phospholipid methyl transferase activity, and 

the sulphur atom necessary for the biosynthesis of reduced glutathione, that is the 

reducing molecule of glutathione peroxidase, an enzyme which requires selenium for 

its antioxidant activity.  Apart from polyamines, which are strong chelators of 

transitional metals, among the final catabolites of methionine other sulphurated 

molecules most also be considered, such as taurine and sulphates, which together with 

GSH are extremely valid endogenous disintoxicating agents.  Phospholipids, together 

with vitamin E, CoQ10 and CoQ10H2 are essential constituents of cellular 

membranes, from which the immune response draws its origin (91). 

 

7.  Iron chelators 
        Iron is an essential element in the human body, but it is a powerful promoter of 

free radical reactions and can be released in redox-active form at sites of tissue injury.  

A wide range of chelating agents has been used in attempts to inhibit oxidative 

damage in vitro (92). 
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        Deferiprone, (1,2-dimethyl-3-hydroxy-pyridin-4-one) also known as L1 is the 

first clinically available oral iron chelator that has been shown to stabilize or reduce 

iron stores in many regularly transfused patients with thalassemia disease. 

        Deferiprone is highly stable, form strong and water soluble 3:1 complexes with 

Fe3+-ion at physiological pH both in vitro and in vivo.  The binding constants are high 

in comparison with those of desferrioxamine and transferrin.  They are capable of 

mobilizing iron from transferrin, ferritin, hemosiderin, hepatocytes and macrophages.  

Deferiprone also chelates iron from membranes of intact red blood cells that may be 

important in the therapeutic response to deferiprone in iron overload in thalassemia 

(93,94). 

        The 3-hydroxypyridin-4-ones are highly specific for Fe3+, lacking measurable 

affinity for calcium and magnesium, although they do bind aluminium and to a lasser 

extent zinc (95).  They are able to remove iron directly from ferritin with the smaller 

size of the hydroxypyridin allows it entry through the protein pores enabling the 

bidentate chelator to remove iron from the core (96,97). 

 

 

 

 

 

 

 

 

Figure 6. Chemical structure of deferiprone. 

 

        One of a series of chelators, the 1-alkyl-3-hydroxy-2-methylpyrid-4-ones, which 

can be given orally since they are readily absorbed from the gut.  They also enter 

tissues much more readily than desferal and have shown promising preliminary results 

in the treatment of thalassemia.  They are bidentate; three molecules are needed to 

coordinate one iron completely (97). 
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CHAPTER IV 

MATERIALS AND METHODS 

 

 

 

1.  Subjects 
        1.1.  Normal volunteers  

        Thirteen healthy adult volunteers were included in the study as a control group.  

They were 7 males and 6 females.  The ages ranged from 22 to 40 years old.  Their 

general hematological data, parameters of oxidative stress and antioxidant, and serum 

ferritin level in plasma were measured.  All of them had normal hematologic findings 

iron status and hemoglobin analysis. 

 

        1.2.  Thalassemia patients 

        Thirty-five patients with β-thalassemia/HbE disease were included received no 

blood transfusion for at least 3 months before study.  They were 19 males and 16 

females, aged 13 to 63 years (mean 29.33 ± 11.95).  Thirteen patients their spleens 

were removed.  The vital signs, size of liver and spleen, body weight, and height were 

shown in Table 2. 

        1.2.1.  Group of patients receiving immugen 

                  Five patients aged between 16-24 years old received immugen orally at 

dose of 50 mg/kg/day for a period of 12 weeks.  Two were splenectomized                 

β-thalassemia/HbE.  Three were females and two were males.  All were non-

transfusion dependent, receiving packed red cell transfusion occasionally (3-10 units 

of packed red cell/year) or no transfusion at all.  All of them had iron overload, serum 

ferritin ranged from 170-3,089 ng/ml and serum transferrin was saturated with iron. 
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Table 2  The vital signs, size of liver and spleen, body weight and height of 

thalassemia patients. 

 

Data Average Maximum Minimum 

BW (kg) 44.95±10.49 62 21.5 

HT (cm) 154.91±10.93 168 126 

BT (0C) 36.81±0.39 37.3 36 

PR (per min) 78.05±9.97 95 66 

BP (mmHg) 100/50-140/70 140/70 100/50 

Liver (cm) 5.18±3.01 11 1 

Spleen (cm) 13.25±3.01 17 9 

HbE% 68.17±14.15 91.4 42.6 

HbF% 31.76 ±12.82 54.4 13.4 

 

                   The five β-thalassemia/HbE patients were evaluated for the amount of free 

radicals 8 times.  1. Before treatment; 2 After receiving immugen (IM) for 12 weeks;          

3 After stopping immugen for 1 month; 4 After receiving immugen and deferiprone 

(L1) for 12 weeks; 5 After stopping immugen and deferiprone for 1 month; 6 After 

receiving deferiprone for 12 weeks, 7 After receiving deferiprone for 24 weeks and the 

last time after receiving deferiprone for 36 weeks.  

        1.2.2.  Group of patients receiving bionormalizer 

                  Five patients received bionormalizer orally at dose of 50 mg/kg/day for a 

period of 12 weeks.  Four were splenectomized β-thalassemia/HbE.  Four were 

females aged between 14-53 years old.  All were non-transfusion dependent, receiving 

packed red cell transfusion occasionally (3-10 units of packed red cell/year) or no 

transfusion at all.  All of them had iron overload, serum ferritin ranged from 400-3386 

ng/ml and serum transferrin was saturated with iron. 

                 The five β-thalassemia/HbE patients were measured for the amount of free 

radicals 8 times. 1 Before treatment; 2 After receiving bionormalizer (BN) for 12 

weeks; 3 After stopping bionormalizer for 1 month; 4 After receiving bionormalizer 

and deferiprone (L1) for 12 weeks; 5 After stopping bionormalizer and deferiprone for               
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1 month; 6 After receiving for 12 weeks, 7 After receiving deferiprone for 24 weeks 

and the last time after receiving deferiprone for 36 weeks.  

        1.2.3.  Group of patients receiving deferiprone 

                  Twenty-four patients received deferiprone orally at dose of 50 mg/kg/day 

for a period of 12 weeks.  Seven were splenectomized β thalassemia/HbE.  Eight were 

females and sixteen were males aged between 14-63 years old.  All were non-

transfusion dependent, receiving packed red cell transfusion occasionally (3-10 units 

of packed red cell/year) or no transfusion at all.  All of them had iron overload, their 

serum ferritin ranged from 224-6,072 ng/ml and serum transferrin was saturated with 

iron. 

                Patients this groups were measured 6 times for free radicals, 1 Before 

treatment; 2 After receiving deferiprone (L1) for 12-18 weeks; 3 After receiving 

deferiprone for 20-36 weeks; 4 After receiving 42-51 weeks, 5 After receiving 

deferiprone 53-68 weeks and last time were receiving deferiprone for 70-74 weeks. 

 

2.  Free radicals measurement 
        2.1.  reactive oxygen species (ROS) 

        2.2.  nitric oxide (NO.) 

        2.3.  glutathione S transferase (GST) 

        2.4.  superoxide anion (O2
- ) in leukocytes and erythrocytes 

        2.5.  methaemoglobin (Met Hb) 

 

3.  Antioxidant and chelator intervention 

        The immugen is a dietetic product.  It is able both to prevent and to counteract 

efficious and innumerable dangerous side effects to organs and tissues by the oxidative 

stress.  In fact the peculiar composition of immugen helps neutralizing reactive oxygen 

species and other free radicals which, when in excess can cause damages to cell 

macromolecules, i.e., DNA, lipids and proteins.  The patients received oral immugen           

2 capsules with breakfast, 2 capsules with dinner for 3 months.  Each 700 mg oral 

immugen capsule contains. ubiquinone, phospholipids from soia, vitamin and,                     

l-metionina, selenio. 
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        Bionormalizer is registered as a food natural functional which is able to 

strengthen the health of the good bearing and to improve the quality of life of people.  

Bionormalizer is a potent scavenger of free radicals, particularly hydroxyl radical.  

Thus, bionormalizer theoretically reduces the oxygen radical production and oxidant 

thalassemia.  The patients were treated with bionormalizer 4 sachets per day for 12 

weeks.  Blood samples were drawn for analysis all parameters of oxidative stress 

described above. 

        Deferiprone (L1, 1-2-dimethyl-3-hydroxypyrid-4-one) 500 mg tablet, was given 

at dose 50 mg/kg/day in two to three divided doses.  The patients were treated with 

deferiprone for at least 1 year. 

 

4.  Instruments 
        4.1.  Centrifuge, Kokosan H-103 N Series, Tokyo Kokosan Ensinki Co., Ltd., 

Japan. 

        4.2.  Electronic blood cell counter, Advia 120, Japan. 

        4.3.  Spectrophotometer, Model 24, Beckman, USA. 

        4.4.  Pipetteman, Gilson, France. 

        4.5.  Mixer, Super-Mixer, Cat No 1291, LAB-LINE Instrument, Inc., Melrose 

Park, Ill, USA. 

        4.6.  Electronic balance, Mettler Electric Balance, Mettler, Zurich, Switzerland. 

        4.7.  Automatic Dilutor, Micromedic System, Los Angeles, California, USA. 

 

5.  Special glasswares and supplies 

        5.1.  Volumetric pipette 5, 10 ml. 

        5.2.  Volumetric flask 10, 25, 100, 500, 1,000 ml. 

        5.3.  Pipette tip 1,000 µl and 200 µl. 

        5.4.  Pasteur pipette. 

        5.5.  Disposable non-pyrogenic scalp vein set, 21 Gx3/4”, Terumo Coporation, 

Tokyo, Japan. 

        5.6.  Disposable sterile non-pyrogenic syringe 20, 5, 2.5 ml, Terumo Coporation, 

Tokyo, Japan. 
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        5.7.  Disposable sterile non-pyrogenic needle No. 21Gx1 ½”, 22Gx1 ½”, Terumo 

Coporation, Tokyo, Japan. 

        5.8.  Cryotube 4.5 ml.  Internal Thread Star Foot, Intermed Nunc, Denmark. 

        5.9.  Parafilm M, American National Can, Greenwich., USA. 

        5.10. Medical gloves. 

        5.12.  Plastic tubes, Sarstedt, West Germany. 

        5.13.  Plastic bag. 

        5.14.  Heparin coated tubes. 

        5.15.  EDTA coated tubes. 

        5.16.  Whatman#1 paper and Buchner suction funnel. 

        5.17.  Plastic containers and aluminium foil. 

 

All glasswares used for the preparation of reagents and performance of the 

determinations had been rendered iron-free.  After thoroughly washed with detergent, 

glassware were soaked in 50% hydrochloric acid overnight and then rinsed with 

distilled water for 3 times and finally rinsed with deionized water. 

        Water used to rinse all glasswares or for the preparation of reagent solutions 

should be iron-free.  It is preferable to pass water through a deionizer containing both 

charcoal and an ion-exchange resin. 

 

6.  Buffers and reagents 
6.1.  For superoxide anion determination 

6.1.1.  Hank’s balanced salt solution (HBSS)  

6.1.2.  Cytochrome C solution  

           12.5 mg of cytochrome C was dissolved in 1ml deionized water. 

6.1.3.  Sodium azide solution (NaN3)  

                          6.5 mg of sodium azide 6.5 mg was dissolved in 1ml deionized water. 

6.1.4.  Superoxide dismutase (SOD) 

           0.5 mg of SOD was dissolved in 1 ml deionized water. 

6.1.5.  Phorbol myrystate acetate (PMA) 

           10 µg of PMA was dissolved in 1 ml dimethyl sulfoxide (DMSO). 
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6.1.6.  Luminol  

           20 µl of luminol was added to 1 ml HBSS. 

6.2.  For reactive oxygen species determination 

6.2.1.  Phorbol myrystate acetate (PMA) 

           10 µg of PMA was dissolved in 1 ml dimethyl sulfoxide (DMSO). 

6.2.2.  Luminol  

           20 µl of luminol was added to 1 ml HBSS. 

6.3.  For nitric oxide determination 

6.3.1.  Nitro-L-arginine methyl ester (L-NAME)   

162 mg of L-NAME was dissolved in 1 ml dimethyl sulfoxide 

(DMSO). 

6.3.2.  L- arginine  

10.4 mg of L-arginine was dissolved in 1 ml dimethyl sulfoxide 

(DMSO). 

6.3.3.  Luminol 

           20 µl of luminol was added to 1 ml with HBSS. 

6.4.  For methaemoglobin determination 

6.4.1.  Menadione 

    5 mM of menadione was dissolved in 1 ml dimethyl sulfoxide 

(DMSO). 

6.4.2.  Hank’s balanced salt solution (HBSS)  

6.4.3.  Superoxide dismutase (SOD) 

           0.5 mg of SOD was dissolved in 1 ml deionized water. 

6.5. For glutathione S transferase 

6.5.1.  Reduced glutathione  

30.7 mg of reduced glutathione was dissolved in 1 ml deionized water. 

6.5.2.  50% trichloracetic acid (TCA) 

6.5.3.  1-chloro-2,4-dinitrobenzene (CDNB) 

            20.3 mg of CDNB was dissolved in1 ml acetone. 

6.5.4.  0.1 M Potassium dihydrogen phosphate (KH2PO4) pH 6.5 

272 mg of KH2PO4 was dissolved in 200 ml deionized water. 
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6.5.5.  5 mM Menadione 

0.86 mg of menadione was dissolved in 1 ml dimethyl sulfoxide 

(DMSO). 

 

7.  Methods 

        7.1.  Preparation of white cells and red cells 

                7.1.1.  Fractionation of blood cells 

                           Blood was taken from healthy volunteers non-thalassemia disease 

subjects and the thalassemia patients who received immugen, bionormalizer and 

deferiprone. 

                           Ten ml of whole blood was collected in heparinized-coated tubes.  

Two ml of whole blood was collected in EDTA used to measure complete blood count 

(CBC). Ten ml whole blood was centrifuged at 800 x g, 4oC for 5 minutes.  Plasma 

was used to measure iron status.  Packed red blood cells were suspended in HBSS to 

final volume of 10 ml and mixed.  The 5 ml suspension is gently laid on 3.5 ml 

histopaque density 1119 gradient and centrifuged at 600 x g, 18oC for 40 minutes.  

The leukocytes ring was in the upper layer while erythrocytes were at the bottom 

layer.  Erythrocytes and leukocytes fractions were separately washed twice with HBSS 

and then centrifuged at 900 x g, 4oC for 10 minutes   and kept on ice until used. 

               7.1.2.  Preparation of leukocytes suspension 

                          The white cell pellet was resuspended in 1 ml of HBSS.  380 µl of 

5%acetic acid was added in 20 µl white cell suspension and then shaked vigorously.  

The cells were counted in electronic cell counter or in counting chamber.  Cells must 

be counted in 25 squares. 

   A=number of cells in 25 squares 

   B=dilution of white cell 1:19 =20 

   Number of WBC = A x dilution x 10 –4 = cells/ml 

    A x 20 x 10 –4 = cells/ml 

                          Leukocytes suspension was brought to a concentration of 107 cells/ml, 

if possible.  If the original 1 ml suspension is more dilute, there are 2 possibilities: a) 

make pellet again, and concentrate the solution; b) arrange volumes in order to take 

larger quantities of cells for testing. 
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               7.1.3.  Preparation of erythrocyte suspension 

                          Washed red cell pellet was diluted with HBSS (1:1) and stored 

overnight at 4 ºC.  Before analyses, the suspension was centrifuged at 800 x g, 4oC for 

10 minutes to obtain cells.  The red blood cells were placed on ice during all 

experiments. 

 

8.  Assay of free radicals 
       8.1.  Reactive oxygen species (ROS) in leukocytes assay 

              Principle 

              The reactive oxygen species activity was measured in a chemilumenescence 

assay, amplified by luminol in response free radical generation as phorbol myristates 

acetate (PMA).  The dianion of luminol undergoes a reaction with molecular oxygen 

to form a peroxide.  This peroxide is unstable and decomposes to an electronically 

excited state.  This excites dianion emits a photon that is detected by the 

chemilumenescent detector (98). 

              Proceduce 

              The reactive oxygen species were analyzed with chemiluminesence.  The 50 

µl of white cell suspension was added to 940 µl luminol buffer solution, mixed, and 

read spontaneous for chemiluminometer intensity at 5 minutes.  Then was added 10 µl 

PMA solution to activate ROS reaction mixed and read maximum chemiluminescence  

intensity.  

               Calculations:  Intensity of cell  x  multiplication factor / number of cells 

 

        8.2.  Nitric oxide assay 

               Principle 

               Chemiluminescence occurs when a chemical reaction produces an 

electronically excited species which emits a photon in order to reach the ground state.  

These sort of reactions can be encountered in biological system.  The number of 

chemical reactions which produce chemiluminescence is small.  However, some of the 

compounds which do react to produce this phenomenon are environmentally 

significant.  A good example of chemiluminescence is the determination of nitric 

oxide.  Nitric oxide is synthesized from one of the guanidine nitrogens of L-arginine 
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by the enzyme nitric oxide synthase (NOS).  This can be achieved by inhibiting a 

reaction with nitro L-arginine methyl ester (a competitive NOS inhibitor). 

 

 L-Arginine+O2+NADPH      N-OH-L-Arginine+O2+NADPH     L-Citrulline+NO 

 

               Procedure 

               In control tube, 940 µl luminol buffer solution was added to 50 µl white cell 

suspension, mixed and read spontaneous chemiluminescence intensity at 5 minutes,  

Then added substarted 10 µl L-Arginine solution, mixed and read maximum 

chemiluminescence intensity 

                In sample tube, measurement of spontaneous chemiluminescence intensity 

was perform.  Then added substarted 10 µl L–NAME solution to stop reaction, mixed 

fast for 1 minute and added 10 µl L-Arginine solution in this time must to mixed fast.  

Read maximum chemiluminometer intensity (constitutive NO synthase) 

                Calculation: =control tube-sample tubes 

 

        8.3.  Glutathione S transferase (GST) assay 

               Principle 

               GST catalyzes the reaction of 1-chloro-2, 4-dinitrobenzene (CDNB) with the 

SH group of glutathione: 

     CDNB + GSH  CDNB-S-glutathione 

 

               The conjugate CDNB-glutathione absorbs light at 345 nm, and the activity of 

the enzyme can be estimated by measuring the change in optical density at this 

wavelength (99). 

              Procedure 

              400 µl of the red blood cell were diluted with 3,600 µl ice cold distilled water 

(H2O).  The diluted red blood cell suspension was hemolyzed at room temperature for 

15 minutes.  Three tubes contained haemolysate 1,200 µl and reagent blank was 

DMSO.  The two sample tubes were added two different concentration for menadione 

to activate, first 12 µl of 1mM menadione was added, second 12 µl of 5 mM 

menadione was added, mixed and incubated in room temperature for 45 minutes. 
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               Each sample was divided into 2 determinations (background and sample).  

For background, 3 tubes were set up when contained 1,040 µl KH2PO4 buffer, 10 µl 

GSH source substarte, 150 µl of 50% TCA to stop reaction, 250 µl haemolysate plus 

10 µl CDNB to started reaction.  Then 3 tubes of each sample were set up for the same 

background but without 150 µl of 50% TCA.  Then all of the tubes were mixed and 

incubated in room temperature for 15 minutes after that added 150 µl of 50% TCA 

only in sample tubes to stop reaction.  All tubes were centrifuged at 3,000 rpm for 10 

minutes and measured by spectrophotometer at 345 nm. 

              Calculations: 0.406x [A-A (TCA)] x106/Hb (g/l) 

 

        8.4.  Superoxide anion in leukocytes assay 

               Principle 

               The superoxide anion is a source of the other reactive oxygen species, H2O2 

and OH..  The species of superoxide and of hydrogen peroxide are removed by the 

enzymes superoxide dismutase (SOD) and catalase (CAT), respectively.  The oxidases 

and peroxides use oxygen for oxidative changes of organic substrates.  The 

spectrophotometric detection of oxygen consumption in the presence of indicator 

compounds like cytochrome C. The most reactive species is the hydroxyl radical.  An 

important source of this radical is the Fenton reaction (100). 

               Procedure of superoxide anion assay in leukocytes 

               The superoxide anion in leukocytes was measured by spectrophotometer.  

The control tube contained 920 µl HBSS buffer, 50 µl cytochrome C and 20 µl NaN3 

source substrate and 100 µl white cell suspension.  The reagent samples were covered 

and added with 10 µl SOD to stop reaction and 10 µl PMA to activate reaction, mixed 

and incubated at room temperature for 60 minutes.  The solution were centrifuged at 

2,500 rpm for 10 minutes and measured by spectrometer at 550 nm. 

               Calculations: (A550-Acontrol) X 47.6 
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        8.5.  Superoxide anion in erythrocytes assay 

               Procedure of superoxide anion in erythrocytes 

               Both control tube and sample tube were added with HBSS buffer to give a 

total volume of 1,000 µl.  In sample duplicate tubes were added with 10 µl menadione 

to activate reaction and added 10 µl SOD to stop reaction.  All tubes were added 50 µl 

cytochrome C to start the reaction.  The samples and control tubes were mixed and 

incubated at room temperature for 120 minutes, centrifuge at 2500 rpm for 5 minutes.  

They were then measured by spectrophotometer at 557, 550 and 542 nm 

              Calculations: 

              47.6 (A550-Acontrol) -9.8(A557-Acontrol) -31.8 (A542-Acontrol) x104 /Hb 

 

        8.6.  Methaemoglobin assay 

               Principle 

               Superoxide ions oxidized oxyhaemoglobin to methaemoglobin and reduced 

methaemoglobin to oxyhaemoglobin.  The reactions of superoxide and H2O2 with 

oxyhaemoglobin or methaemoglobin and their inhibition by SOD or Catalase were 

used to detect the formation of superoxide or H2O2 on autoxidation of 

oxyhaemoglobin.  The amount of oxidation or reduction of haemoglobin was 

measured spectrophotometer.  The concentrations of oxyHb, metHb and haemichrome 

were calculated from the absorbances at 560, 577 and 630 nm (85). 

               Procedure 

               Control tube number 1 was added with 10 µl DMSO.  Sample tube were 

added with 10 µl DMSO, 10 µl menadione to activate, and the 10 µl SOD to stop 

reaction.  All tubes were added HBSS buffer.  The total volume all tubes were 1,000 

µl, mixed all tubes were incubated at room temperature for 60 minutes.  All tubes were 

centrifuged at 2500 rpm for 10 minutes.  Discard 800 µl supernatant.  The all pellets 

added with 1800 µl H2O and mixed vigorously for 5 minutes.  The sample tubes were 

dilute 5 times before reading of OD at 630 and 557 nm with spectrophotometer. 

               Calculations: 279{[A630]-A control} –3{[A577} –A control} x 100 /Hb 
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9.  Data Analysis 
        The statistical analysis was performed using t-test in comparing data from normal 

and β-thalassemia/HbE subjects.  Wilcoxon Signed Rank test used for assessing the 

effect of immugen, bionormalizer, and deferiprone. 
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CHAPTER V 

RESULTS 

 

 

 

1.  Hematological data of healthy non thalassemic disease volunteers 

subjects and β-thalassemia/HbE patients 
        1.1.  Healthy non thalassemic disease volunteers 

               General hematological data were shown in Table 3.  Values represented 

mean ± SD.  Thirteen normal subjects were 7 males and 6 females.  All of them were 

non-thalassemia and their hemoglobin (Hb) levels were 13.03 ± 1.37 g/dl. 

        1.2.  Group of patients who received immugen 

             The splenectomized patients were 2 females and non-splenectomized patients 

were 3 (2 males and 1 female).  Average Hb levels patients were 5.90 ± 1.54 g/dl 

before treatment (Table 4).  After receiving immugen for 12 weeks, the average Hb 

levels in patients were 5.84 ± 2.11 g/dl.  When patients stopped taking immugen for     

4 weeks, the average Hb levels patients were also 5.95 ± 1.38 g/dl.  After receiving 

immugen with deferiprone for 12 weeks, the average Hb levels in patients were 6.33 ± 

1.20 g/dl.  When patients stopped taking immugen and deferiprone for 12 weeks, the 

average Hb levels in patients were also 6.05 ± 1.59 g/dl.  After receiving deferiprone 

for 12 and 24 weeks the average Hb were 6.45 ± 0.95 and 6.57 ± 0.99 g/dl, 

respectively.  

       1.3.  Group of patients who received bionormalizer 

              All of the patients in this group were females.  The splenectomized patients 

were 4 females and 1 female was non-splenectomized.  Average Hb level in patients 

were 6.02 ± 2.37 g/dl before treatment (Table 5).  After receiving bionormalizer for 12 

weeks, the average Hb levels patients were 6.46 ± 1.95 g/dl.  When patients stopped 

taking bionormalizer for 4 weeks, the average Hb levels in patients were also 5.40 ± 

0.80 g/dl.  Average patients Hb levels were 5.67 ± 1.79 g/dl after treatment with 

bionormalizer and deferiprone 12 weeks.  After stopping bionormalizer and 

deferiprone for 4 weeks, the average Hb level was 5.57 ± 1.04 g/dl.  When patients 
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taking bionormalizer and deferiprone for 12 weeks, the average Hb levels were 3.38 ± 

2.15 g/dl and when receiving 24 weeks of deferiprone the Hb increased to 5.67 ± 1.19 

g/dl (Table 5). 

 

Table 3  Hematological data of healthy non thalassemia disease volunteers. 

 

Subject SEX Age Hb HCT  RBC MCV MCH MCHC Plt    WBC Retic Abs Retic 

  
 

  g/dl % X106/µl fl pg g/dl X103/µl X103/µl % X109/L 

V.A M 28 12 42.2 6.61 64 18 28 295 5.37 1 63.6 

X.J M 40 12.8 43 4.98 86 26 30 185 4.5 _ _ 

K.P M 22 14.8 46.1 5.43 85 27 32 236 4.1 _ _ 

S.K M 25 13.8 40 4.72 85 29 35 242 6.08 2.5 118.6 

S.D M 29 14.7 43.7 5.53 79 27 34 243 5.5 2.2 119.2 

W.S M 25 15.1 41.3 5.13 81 30 37 299 6.15 1.3 68.7 

A.W M 22 15.2 44.7 4.98 90 30 34 229 5.06 0.9 44.3 

M.L F 26 12.9 39.4 4.8 82 27 33 258 7.16 1.1 54.4 

N.L F 28 10.7 37.8 4.4 86 24 28 239 4.34 1.1 49.9 

R.S F 33 12.3 38.4 4.49 86 27 32 328 3.68 1 44.5 

O.S F 24 11.9 35.1 4.5 78 26 34 273 6.61 1.5 69.3 

D.S F 25 13.5 39.3 5.25 75 26 34 199 5.26 0.5 28.6 

S.S F 33 11.9 37.3 5.33 70 22 32 193 4.57 1.1 59.6 

             

Average 13.20 40.64 5.09 80.48 26.16 32.45 247.62 5.26 1.29 65.52 

Max 15.2 46.1 6.61 89.9 30.4 36.6 328 7.16 2.5 119.2 

Min 10.70 35.10 4.40 63.80 18.10 28.30 185.00 3.68 0.50 28.60 

SD 1.44 3.20 0.59 7.36 3.24 2.47 42.79 1.03 0.58 28.96 

 

D.S = E trait 

S.S = α1 trait 

V.A = α1 trait 
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        1.4.  Group of patients who received deferiprone 

             The numbers of splenectomized patients were 7 (5 males and 2 females) and 

non-splenectomized patients were 25 (18 males and 7 females).  Average Hb levels in 

patients were 6.09 ± 0.99 g/dl before treatment (Table 6).  After receiving deferiprone 

for 12-18 weeks the average Hb levels were 6.08 ± 1.13 g/dl. The patients average Hb 

levels patients were also 6.26 ± 1.16 g/dl after receiving deferiprone 20-36 weeks and 

increased to 6.53 ± 1.19 g/dl, 6.44 ± 0.79 g/dl and 6.98 ± 0.96 g/dl when receiving 

deferiprone for 42-51 weeks, 53-68 weeks and 70-74 weeks, respectively (Table 6). 

 

2.  Iron status in plasma of normal subjects and β-thalassemia/HbE 

patients 

        2.1.  Normal subjects 

               Serum ferritin in normal group was 122.62 ± 91.42 ng/ml and other iron 

statuses were shown in Table 7. 

        2.2.  Group of patients who received immugen 

               Serum ferritin in patients with splenectomized and non splenectomized were 

1260.20 ± 1091.53 ng/ml.  After receiving immugen for 12 weeks, ferritin levels in 

patients were 1069.00 ± 713.57 ng/ml.  When stopped taking immugen for 1 month, 

the levels of ferritin in patients were also increased 1565.25 ± 813.85 ng/ml.  After 

receiving of immugen with deferiprone the serum ferritin decreased (Table 9). 

                The serum iron and transferrin iron saturation of patients were higher than 

normal group but total iron binding capacity were lower.  The values were not 

different during treatment.(Table 8). 

                In 24 hour urinary iron excretion in patients before receiving immugen was 

0.76 ± 0.92 mg/day and after receiving immugen for 12 weeks the urinary iron was 

0.42 ± 0.15 mg/day.  When treatment withdrawal for 4 weeks the urinary iron were 2.9 

± 4.93 mg/day and when receiving immugen and deferiprone for 12 weeks, the urinary 

iron was to 9.26 ± 5.08 mg/day.  After stopping receiving immugen and deferiprone 

for 4 weeks the urinary iron excretion was decreased to 6.72 ± 11.74 mg/day.  After 

receiving only deferiprone 12 and 24 weeks the urinary iron decreased to 0.67 ± 0.45 

and 1.45 ± 1.75 mg/day, respective (Table 8 ). 
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Table 7  Data iron status of healthy non thalassemia disease volunteers. 

 

Normal Sex Age Serum iron TIBC Tf sat Serum ferritin 24 hr/.urine 

   µmol/L µmol/L % ng/ml  UFe mg/day 

V.A M 28 17 48.21 35.33 277 0.20 

X.J M 40 13.18 43.02 30.65 233 0.10 

K.P M 22 16.26 44.75 36.34 142 0.10 

S.K M 25 20.49 47.64 43.03 91 0.40 

S.D M 29 19.9 46.7 42.5 203 0.3 

W.S M 25 18.2 55.9 32.6 124 0.3 

A.W M 26 14.69 42.82 34.28 257 _ 

M.L F 28 7.41 70.73 10.48 44 0.10 

N.L F 33 7.79 47.06 16.56 14 0.50 

R.S F 24 7.99 38.98 20.49 34 0.40 

O.S F 25 16.4 55.9 29.3 58 0.2 

D.S F 33 12.9 51.6 24.9 67 0.1 

S.S F 22 21.1 50.9 41.4 50 0.2 

mean 
14.87 49.51 30.60 122.62 0.24 

SD 
4.79 8.12 10.10 91.42 0.14 

D.S = E trait 

S.S = α1 trait 

V.A = α1 trait 

 

SI = serum iron 

TIBC = total iron-binding capacity  

Tf sat = transferrin saturation 

SF = serum ferritin 

24 hr UFe = 24 hours urine iron 
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Table 8  Iron status in thalassemia patients who received immugen. 

 

Thalassemia patients SI TIBC Tf sat  SF 24 hr. UFe 

receiving immugen µmol/L µmol/L % ng/ml  UFe mg/day 

Before treatment 30.04±6.37 33.55±6.90 90.87±20.07 1260.20±1091.53 0.76±0.92 

After receiving immugen 12 weeks 34.44±8.31 34.52±4.05 98.98±17.25 1069.00±713.57 0.42±0.15 

After stopping immugen 4 weeks 36.00±5.28 33.00±4.68 108.98±0.95 1565.25±813.85 2.90±4.93 

After receiving immugen and deferiprone 12 

weeks 
34.24±7.54 30.19±5.69 113.63±9.80 1101.50±625.78 9.26±5.08 

After stopping immugen and deferiprone 4 weeks 33.12±6.23 30.56±4.18 107.84±9.13 782.88±466.87 6.72±11.74 

After receiving deferiprone 12 weeks 32.64±8.18 32.46±2.21 99.59±19.33 373.40±277.61 0.67±0.45 

After receiving deferiprone 24 weeks 33.43± 5.55 32.20 ±5.40 103.93 ±3.5 694.67 ± 564.17 1.45 ± 1.75 

 

SI = serum iron 

TIBC = total iron-binding capacity  

Tf sat = transferrin saturation 

SF = serum ferritin 

24 hr UFe = 24 hours urine iron 

 

        2.3.  Group of patients who received bionormalizer 

               Serum ferritin in patients decreased from 1782.40 ± 1142.22 ng/ml to 

1441.80 ± 863.14 ng/ml when receiving bionormalizer for 12 weeks, and 1622.20 ± 

901.62 ng/ml to 996.95 ± 598.14 ng/ml when receiving bionormalizer with 

deferiprone for 12 weeks, and 980.13 ± 771.36 ng/ml to 438.03 ± 248.05 ng/ml and 

469 ± 356.00 ng/ml when receiving only deferiprone for 12 and 24 weeks, 

respectively (Table 9). 
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                The serum iron and transferrin iron saturation of patients were higher than 

normal group but total iron binding capacity were lower.  The values were not 

different during treatment (Table 9). 

                 In 24 hour urinary iron excretion in patients receiving bionormalizer for 12 

weeks were not different, the values before and after treatment were 0.42 ± 0.15 

mg/day and 0.39 ± 0.22 mg/day, respectively.  The urinary iron excretions was highest 

after receiving bionormalizer with deferiprone for 12 weeks which 11.65 ± 8.33 

mg/day.  When receiving only deferiprone for 12 weeks the urinary iron excretion 

increased from 0.61 ± 0.54 mg/day to 7.85 ± 6.67 mg/day when receiving 24 weeks 

(Table 9). 

        2.4.  Group of patients who received deferiprone 

               Before treatment, serum ferritin in patients was 2434.50 ± 1778.97 ng/ml and 

decreased during receiving of deferiprone for 12-18 weeks which was 1786.67 ± 

1016.99 ng/ml and for 20-36 weeks was 1358.98 ± 1054.91 ng/ml.  After receiving 

deferiprone for 42-51 weeks the values declined from 1052.29 ± 767.87 ng/ml to 

296.33 ± 137.33 at 70-74 weeks of treatment (Table 10). 

               The serum iron and transferrin iron saturation of patients were higher than 

normal group but total iron binding capacity were lower.  The values were not 

different during treatment (Table 10). 

               Before receiving deferiprone, the 24 hour urinary iron excretion in patients 

was 1.59 ± 4.07 mg/day, after receiving deferiprone for 3 and 6 months there were 

12.73 ± 9.65 mg/day and 13.02 ± 9.25 mg/day, respectively (Table 10). 

 

3.  Oxidative stress in erythrocytes and leukocytes of normal subjects 

and β-thalassemia/HbE patients 

      3.1.  Free radicals in normal subjects and patients with β-thalassemia/HbE 

             3.1.1.  Superoxide anion in erythrocytes and leukocytes 

                       Oxidative status in patients with β-thalassemia/HbE was analyzed in 

erythrocytes and leukocytes for 6 times.  (1) Before treatment; (2) After receiving 

immugen or bionormalizer for 12 weeks; (3) After immugen or bionormalizer 

withdrawal for 4 weeks; (4) After receiving immugen or bionormalizer with 
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deferiprone for 12 weeks; (5) After receiving only deferiprone for 12 weeks; and After 

receiving deferiprone for 24 weeks. 

 

Table 9  Iron status in thalassemia patients who received bionormalizer.  

 

Thalassemia patients SI TIBC Tf sat  SF 24 hr. UFe 

receiving bionormalizer µmols/L µmols/L % ng/ml  UFe mg/day 

Before treatment 33.63±13.39 34.93±2.36 96.04±37.03 1782.40±1142.22 0.42±0.15 

After receiving bionormalizer 12 weeks 32.94±13.04 34.74±5.23 91.72±28.36 1441.80±863.14 0.39±0.22 

After stopping bionormalizer 4 weeks 33.78±11.03 33.78±3.74 98.32±25.67 1622.20±901.62 1.49±1.61 

After receiving bionormalizer and deferiprone 

12 weeks 
45.01±5.50 38.70±3.27 116.34±10.56 996.95±598.14 11.65±8.33 

After stopping bionormalizer and deferiprone 

4 weeks 
39.94±7.72 36.93±4.13 107.45±9.84 980.13±771.36 0.61±0.54 

After receiving deferiprone 12 weeks 38.06±3.78 38.52±1.23 98.75±8.04 438.03±248.05 7.85±6.67 

After receiving deferiprone 24 weeks 41.57±3.86 42.20±1.99 98.63±10.34 469.33±356.00 8.12±6.32 

 
SI = serum iron 

TIBC = total iron-binding capacity  

Tf sat = transferrin saturation 

SF = serum ferritin 

24 hr UFe = 24 hours urine iron 
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Table 10  Iron status in thalassemia patients who received deferiprone. 
 

Thalassemia patients SI TIBC Tf sat  SF 24 hr. UFe 

receiving deferiprone µmols/L µmols/L % ng/ml  UFe mg/day 

Before treatment 34.87±12.53 32.83±11.07 106.30±19.39 2470.50±1796.42 0.48±0.27 

After receiving deferiprone 12-18 weeks 40.08±12.58 36.43±11.06 111.44±23.49 1786.67±1016.99 17.11±8.76 

After receiving deferiprone 20-36 weeks 38.20±10.65 36.94±8.85 103.39±15.70 1358.98±1054.91 14.25±8.38 

After receiving deferiprone 42-51 weeks 37.79±17.73 34.95±16.20 96.91±32.89 1052.29±767.87 11.45±9.82 

After receiving deferiprone 53-68 weeks 42.72±13.54 38.78±12.01 110.87±12.54 296.33±137.33 10.84±9.35 

After receiving deferiprone 70-74 weeks 32.18±13.92 32.98±11.60 98.83±23.91 1396.50±1767.04 7.47±5.18 

 

 

SI = serum iron 

TIBC = total iron-binding capacity  

Tf sat = transferrin saturation 

SF = serum ferritin 

24 hr UFe = 24 hours urine iron 

 

                      The percentage change of superoxide anion activities in erythrocytes 

when added with SOD was –34.53 ± 22.71 in normals and it is significant difference 

from thalassemia group (P=0.038).  When added with menadione the average 

percentage change of superoxide anion was 734.14 ± 361.98 in normal and was 492.69 

± 300.92 (P=0.01) in thalassemia group.  The average superoxide anion when added 

menadione and SOD was –24.33 ± 11.76 in normals and was –18.89 ± 13.57 

(P=0.013) in thalassemia group (Table 12). 

                       In white cell the average percentage change of superoxide anion 

activities when added with SOD was –48.12 ± 19.95 in normal and was –52.40 ±2.74 

(P=0.315) in thalassemia group.  When add PMA the percentage change of superoxide 

anion in normal group was 147.92 ± 192.50, and it was a statistically significant 

difference (P=<0.001) from thalassemia group 83.48 ± 94.66.  When added with PMA 
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and SOD the activities were decreased to –62.06 ± 21.35 in normal group and were     

–58.01 ± 24.16 in patients (P=0.73) (Table 11). 

              3.1.2.  Methaemoglobin 

                         The normal group when add SOD to inhibit reaction the percentage 

change of methaemoglobin were –63.68 ± 46.17 and in thalassemia patients were        

–20.03 ± 18.35 (P=0.003).  After add menadione the percentage change increased to 

582.23 ± 697.99 in normal group but were 50.01 ± 52.92 in thalassemia group.  There 

was a statistically significant difference between this normal and thalassemia group 

(P=<0.001).  When added with menadione and SOD the percentage change of 

methaemoglobin was decreased in normal group and in thalassemia group it was         

–22.52 ± 20.35 (P=0.006) (Table 12). 

              3.1.3.  Glutathione S transferase (GST) 

                         The percentage change of glutathione S transferase in normal group 

when added with 0.1 M menadione was –4.05 ± 4.50 but was –10.53 ± 10.24 in 

thalassemia group there was a statistically significant difference (P=<0.001).  When 

added with 5 mM menadione the percentage change of GST was decreased to –17.38 

±6.89 in normal group and in thalassemia group it was –20.58 ± 12.75 (P=0.191) 

(Table 13). 

 

 

 

 

 

 

 

 

 

 

 

 

 



Napaporn  Limpitisathaporn                                                                                                      Results  / 54 

 

Table 11  Percentage change of superoxide anion in erythrocytes and leukocytes of 

normal subjects and patients with β-thalassemia/HbE disease when added with various 

substances. 

 

% change of superoxide anion 

Normal (n=13) Thalassemia (n=35) 

P value Substances 
 

Erythrocytes Leukocytes Erythrocytes Leukocytes Erythrocytes Leukocytes 

SOD (-34.53) ±22.71 * (-48.12) ±19.95 (-29.92) ±21.88 (-52.40) ±2.74 P=0.038 P=0.315 

       

Menadione 734.14 ±361.98 _ 492.69 ±300.92 _ P=0.01  

PMA _ 147.92 ±192.50 _ 83.48 ±94.66  P=<0.001 

       

Menadione 
+SOD (-24.33) ±11.76 _ -18.89 ±13.57 _ P=0.01 3  

PMA+SOD _ (-62.06) ±21.35 _ -58.01 ±24.16  P=0.73 

              

 

* mean ± SD 

SOD = superoxide dismutase 

PMA = phorbol myristate acetate 
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Table 12  Percentage change of methaemoglobin in normal subjects and patients with        

β-thalassemia/HbE disease when added with various substances. 

 
% change of methaemoglobin 

Normal (n=13) Thalassemia (n=35) Substances 

Erythrocytes Erythrocytes 

P value 

Superoxide dismutase (SOD) (-63.68) ± 46.17 * (-20.03) ± 18.35 P=0.003  

       

Menadione 582.23 ± 697.99 50.01 ± 52.92 P=<0.001  

       

SOD+menadione (-53.57) ± 33.32 (-22.52) ± 20.35 P=0.006  

        

 

* mean ± SD 
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Table 13  Percentage change of glutathione S transferase in normal subjects and 

patients with β-thalassemia/HbE disease when added with various substances. 

 

% change of glutathione S transferase 

Normal (n=13) Thalassemia patient group (n=35) Substances 

Erythrocytes Erythrocytes 

P value 

0.1 M menadione (-4.05) ±4.50 * (-10.53) ±10.24 P=<0.001 

       

5 mM menadione (-17.38) ±6.89 (-20.58) ±12.75 P=0.191 

  
      

 

* mean ± SD 
 

              3.1.4.  Nitric oxide  

                         The percentage change of nitric oxide in normal when added with 

arginine was 3538.42 ± 4298.17 but was 532.38 ± 507.43 in thalassemic group there 

was a statistically significant difference (P=<0.001).  When added with 0.6 M NAME 

with arginine in normal group it was –94.92 ± 5.2 but were –86.36 ± 7.99 43 in 

thalassemia group there was a statistically significant difference (P=<0.001).  When 

added 0.06 M NAME the percentage change in normal was increased to –89.37 ± 4.41 

and was –68 21 ± 17.17 in thalassemic group there was a statistically significant 

difference (P=<0.001) (Table 14). 

              3.1.5.  Reactive oxygen species 

             The percentage change of reactive oxygen species when added PMA 

with there was a statistically significant difference (P=<0.001).  In normal group the 

percentage change were 460.46 ± 327.82 but was 144.89 ± 190.77 in thalassemia 

group (Table 15). 
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Table 14  Percentage change of nitric oxide in normal subjects and patients with       

β-thalassemia/HbE disease when added with various substances. 

 

% change of nitric oxide 

Normal (n=13) Thalassemia patient group (n=35) Substances 

Leukocytes Leukocytes 

P value 

Arginine (arg) 3538.42 ±4298.17* 532.38 ± 507.43 P=<0.001 

       

0.6 M NAME+arg (-94.92) ±5.20 -86.36 ±7.99 P=<0.001 

       

0.06 M NAME+arg (-89.37) ±4.41 (-68.21) ±17.17 P=<0.001 

        

 

* mean ± SD 

NAME = nitro L arginine methyl ester 

 

 

Table 15  Percentage change of reactive oxygen species in normal subjects and 

patients with β-thalassemia/HbE disease when added with various substances. 

 
% change reactive oxygen species 

Normal (n=13) Thalassemia patient group (n=35) Substances 

Leukocytes Leukocytes 

P value 

PMA 460.46 ±327.82* 144.89 ±190.77 P=<0.001 

        

 
* mean ± SD 

PMA = phorbol myristate acetate 
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        3.2.  Free radicals in β-Thalassemia patients /HbE 

3.2.1.  β-thalassemia /HbE patients treated with immugen 
     3.2.1.1. Superoxide anion in erythrocytes 

                                            The percentage changes of superoxide anion in 

erythrocytes of β-thalassemia/HbE treated with immugen for 12 weeks were –12.92 ± 

22.18, 410.29 ± 186.73 and -42.10 ± 28.26 respectively when incubated with SOD, 

menadioone and menadione with SOD (Table 16 and Figure 7) 

   3.2.1.2.  Superoxide anion in leukocytes 

                                 The percentage change of superoxide anion in leukocytes 

of β-thalassemia/HbE patients treated with immugen 12 weeks were –41.99 ± 27.51,            

75.94 ± 60 31, and -36.27 ± 23.01 after treatment with immugen for 12 weeks and 

added with SOD, PMA and PMA with SOD respectively (Table 17 and Figure 8). 

  3.2.1.3.  Methaemoglobin (MET) 

                                 The percentage change of methaemoglobin in                        

β-thalassemia/HbE patients treated with immungen 12 weeks were –42.10 ± 28.26, 

80.83 ± 55.83 and –44.85 ± 28.90 after treatment with immugen for 12 weeks and 

added with SOD, menadione and menadione with SOD respectively (Table 18 and 

Figure 9). 

  3.2.1.4.  Glutathione S transferase (GST) 

                               The percentage changes of glutathione S transferase in 

erythrocytes of β-thalassemia/HbE treated with immugen for 12 weeks were –11.42 ± 

5.33 and –17.61 ± 9.89 nmol respectively when incubated with 0.1 mM menadione 

and       5 mM menadione (Table 19 and Figure 10). 

3.2.1.5.  Nitric oxide (NO) 

                              The percentage changes of nitric oxide in leukocytes of                

β-thalassemia/HbE patients treated with immugen for 12 weeks were 180.23 ± 129.12,     

–67.70 ± 15.80 and –57 18 ± 18.82 mV/106 respectively when incubated with arginine, 

0.6 M NAME and 0.06 M NAME (Table 20 and Figure.11).   

    3.2.1.6.  Reactive oxygen species (ROS) 

                               Table 21 and Figure 12 showed the percentage changes of 

ROS activities were 112.05 ± 113.93 mV/106 after receiving immugen 12 weeks. 
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              3.2.2.  β-thalassemia /HbE patients treated with bionormalizer 

3.2.2.1.  Superoxide anion in erythrocytes 

                            Table 22 and Figure 13 demonstrated superoxide anion in 

erythrocytes in β thalassemia/ HbE patients who received bionormalizer for 12 weeks.  

The results of superoxide anion percentage changes were –18.25 ± 22.21, 549.65 ±276 

04 and –33.65 ± 33.56 when added SOD, menadione and menadione with SOD, 

respectively. 

3.2.2.2.  Superoxide anion in leukocytes 

                            After receiving bionormalizer 12 weeks, the percentage 

changes of superoxide anion activities were –55.43 ± 25.53, 43.00 ± 38.09, and –45.91 

± 20.50 when added with SOD, PMA and PMA+SOD, respectively.  The result 

showed in Table 23 and Figure 14. 

3.2.2.3.  Methaemoglobin 

                              In erythrocytes the results of methaemoglobin levels were 

shown in Table 24 and Figure 15.  There were –18.11 ± 15.50, 31.01 ± 29.22 and        

–18.87 ± 14.16 when added with SOD, menadione and menadione with SOD, 

respectively. 

3.2.2.4.  Glutathione S transferase 

                             The percentage change of antioxidant levels of glutathione   

S transferase in erythrocytes were –9.81 ± 6.45 and –21.92 ± 12.62 when added with 

0.1 mM and 5 mM menadione, respectively (Table 25 and Figure 16). 

3.2.2.5.  Nitric oxide 

                             After receiving bionormalizer for 12 weeks, the percentage 

change of nitric oxide activities in β thalassemia/HbE patients were shown in Table 26 

and Figure 17.  There were 300.52 ± 275.39, -76.03 ± 11.32 and –31.55 ± 18.05 when 

added with arginine, 0.6 M NAME and 0.06 M NAME, respectively. 

3.2.2.6.  Reactive oxygen species 

                             Table 27 and Figure 18 showed the percentage change of 

reactive oxygen species activity in leukocytes of thalassemia patients.  After treated 

with bionormalizer 12 weeks the active oxygen species activity was 180.11 ± 88.27.  

              3.2.3.  β-thalassemia /HbE patients treated with deferiprone 

3.2.3.1.  Superoxide anion in erythrocytes 
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               After receiving deferiprone for 74 weeks, the percentage 

change of superoxide anion in β thalassemia/ HbE patients were shown in Table 28 

and Figure 19.  There were –26.41± 3.09, 255.15 ± 53.81 and –17.10 ± 13.27 when 

added with SOD, added menadione and menadione with SOD, respectively. 
3.2.3.2.  Superoxide anion in leukocytes 

                          The percentage change of superoxide anion activities in                   

β-thalassemia/HbE patients after treated with deferiprone for 74 weeks were –39.5 ± 

14.17, 105.98 ± 41.40 and –36.87 ± 14.01 when added with SOD, menadione and 

menadione with SOD respectively (Table 29 and Figure 20).  

 3.2.3.3.  Methaemoglobin 

                          Table 30 and Figure 21 showed the percentage change of 

methaemoglobin in β-thalassemia/HbE patients.   

3.2.3.4.  Glutathinone S transferase 

                          The percentage change of glutathione S transferase activities in      

β-thalassemia/HbE patients after treated with deferiprone for 74 weeks were 

demonstrated in Table 31 and Figure 22.  There were –6.46 ± 3.32 and –11.61 ± 6.16 

when added with 0.1 and 5 mM menadione respectively.  

 3.2.3.5.  Nitric oxide  

                         The percentage change of nitric oxide activities were 497.26 ± 

439.19,-95.93 ± 6.28 and –94.71 ± 7.28 when added arginine, 0.6 and 0.06 M NAME 

respectively (Table 32 and Figure 22) . 

 3.2.3.6.  Reactive oxygen species 

                         The percentage change of reactive oxygen species activities in 

leukocytes were shown in Table 33 and Figure 24.  They were 175.93 ± 244.22.  
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Table 16  Superoxide anion in erythrocytes incubated with various substances from         

β-thalassemia/HbE patients treated with immugen and deferiprone. 

Treatment         O2
- in Erythrocytes, µmol O2

-/g Hb/h 

(weeks)  % change(+SOD) %change(+MEN) 
% change 

(+MEN+SOD) 

Baseline -43.98 ± 21.01 432.33 ± 309.90 -12.30 ± 5.35 

12 week immugen -12.92 ± 22.18 a 410.29 ± 186.73 -42.10 ± 28.26 a 

4 week withdrawal of immugen -21.28 ± 8.10 637.61 ± 210.49 -21.76 ± 26.02 

12 week immugen and L1 -27.75 ± 19.34 237.69 ± 51.22 a -21.16 ± 15.40 

4 week withdrawal of immugen and L1 -27.29 ± 9.77 288.72 ± 123.67 -11.24 ± 6.49 b 

12 week L1 -33.09 ± 9.83 233.04 ± 48.59 -19.10 ± 7.84 

24 week L1 -44.88 ± 27.88 279.31 ± 187.10 -25.20 ± 5.09 a 

36 week L1 -20.46  342.43  -20.77  
 

a P<0.05 b P<0.01 
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Figure 7  Superoxide anion in erythrocytes incubated with various substances from            

β-thalassemia/HbE patients treated with immugen and deferiprone. 
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Table 17  Superoxide anion in leukocytes incubated with various substances from         

β-thalassemia/HbE patients treated with immugen and deferiprone. 

Treatment O2
- in leukocytes, µmol O2

-/g Hb/h 

 (weeks) % change(+SOD) %change(+PMA) 
% change 

(+PMA+SOD) 

Baseline -40.38 ± 36.90 77.37 ± 85.96 -55.10 ± 21.86 

12 week immugen -41.99 ± 27.51 75.94 ± 60.31 -36.27 ± 23.01b 

4 week withdrawal of immugen -38.61 ± 22.23 64.11 ± 55.57 -39.69 ± 6.36 

12 week immugen and L1 -43.54 ± 26.28 27.73 ± 49.15 -28.73 ± 14.43 

4 week withdrawal of immugen with L1  -48.66 ± 33.50 74.95 ± 44.37 -61.69 ±19,55 

12 week L1 -49.46 ±27.66 82.75 ± 41.75 -52.09 ± 38.89 

24 week L1 -52.48 ±29.81 212.82 ± 198.12 -76.83 ± 17.17 

36 week L1 -30.80 100.62 -14.05 
 

b P<0.01 
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Figure 8  Superoxide anion in leukocytes incubated with various substances from               

β-thalassemia/HbE patients treated with immugen and deferiprone. 
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Table 18  Methaemoglobin incubated with various substances from                              

β-thalassemia/HbE patients treated with immugen and deferiprone. 

Treatment Met Hb, µmolO2
-/g Hb/h 

(weeks) %change(+SOD) %change(+MEN) 
%change 

(+MEN+SOD) 

Baseline -25.98 ± 29.02 50.88 ± 34.67 -23.68 ± 25.08 

12 week immugen -25.84 ± 11.12 80.83 ± 55.83 -44.85 ± 28.90 

4 week withdrawal of immugen -51.51 ± 41.17 27.04 ± 46.60 -31.55 ± 27.48 

12 week immugen and L1 -38.25 ± 40.18 56.29 ± 47.98 -20.05 ± 28.40 

4 week withdrawal of immugen and L1 -30.50 ± 24.05 83.79 ± 49.15 -19.78 ± 14.66 

12 week L1 -13.78 ± 9.46 25.55 ± 17.64 -14.32 ± 6.19 

24 week L1 -9.49 ± 9.21 57.77 ± 46.49 -9.36 ± 8.34 

36 week L1 -20.77  3.03 -7.46 
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Figure 9  Methaemoglobin incubated with various substances from                                  

β-thalassemia/HbE patients treated with immugen and deferiprone. 
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Table 19  Glutathione S transferase in erythrocytes incubated with various substances 

from β-thalassemia/HbE patients treated with immugen and deferiprone. 

Treatment 
GST,nmolCDNB/ml erythrocytes pellet/min 

(weeks) %change(+0.1 mM MEN) %change(+5 mM MEN) 

Baseline -14.72 ± 11.94 -22.77 ± 14.53 

12 week immugen -11.42 ± 5.33 -17.61 ± 8.98 

4 week withdrawal of immugen -4.84 ± 10.20 -15.99 ± 5.16 

12 week immugen and L1 -10.14 ± 4.28 -23.35 ±10.64 

4 week withdrawal of immugen and L1 -11.71 ± 4.13 -34.20 ± 29.61 

12 week L1 -18.21 ± 11.90 -51.56 ± 19.71 

24 week L1 -4.14 ± 3.05 a -24.08 ± 18.10 

36 week L1 -12.64  -18.10  
 
a P<0.05 
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Figure10   Glutathione S transferase in erythrocytes incubated with various substances 

from β-thalassemia/HbE patients treated with immugen and deferiprone. 
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Table 20  Nitric oxide in leukocytes incubated with various substances from                     

β-thalassemia/HbE patients treated with immugen. 

 

PRIOR NO, mV/106 leukocytes 

  %change(ARG) 
%change 

(ARG+0.6M NAME) 
%change 

(ARG+0.06 M AME) 

Baseline 198.35 ± 199.02 -84.78 ± 7.47 -64.84 ± 11.42 

12 weeks immugen 180.23 ± 129.12 -67.70 ± 15.80* -57.18 ± 18.82 

4 week withdrawal of immugen 144.87 ± 114.22 -78.69 ± 14.05 -54.96 ± 22.48 
 

a P<0.05  
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Figure 11  Nitric oxide in leukocytes incubated with various substances from                   

β-thalassemia/HbE patients treated with immugen. 
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Table 21  Reactive oxygen species in leukocytes incubated with various substances 

from β-thalassemia/HbE patients treated with immugen. 

Treatment ROS, mV/106leukocytes 

(weeks)  %change (+PMA) 

Baseline 92.19 ± 59.29 

12 week immugen 112.05 ± 113.93 

4 week withdrawal of immugen 107.14 ± 51.32 
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Figure 12  Reactive oxygen species in leukocytes incubated with various substances 

from β-thalassemia/HbE patients treated with immugen. 

 



Fac.of Grad. Studies, Mahidol Univ.                                                                  M.Sc.(Biochemistry)  / 67 

Table 22  Superoxide anion in erythrocytes incubated with various substances from           

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 

Treatment O2
- in Erythrocytes,µmol O2

-/g Hb/h 

(weeks) %change(+SOD) %change(+MEN) 
%change 

(+MEN+SOD) 

Baseline -39.29 ± 19.32 772.58 ± 575.47 -32.66 ± 30.43 

12 week bionormalizer -18.25 ± 22.21 549.65 ± 276.04 -33.65 ± 33.56 

4 week withdrawal of bionormalizer -30.11 ± 14.66 599.69 ± 276.80 -13.18 ± 10.74 

12 week bionormalizer and L1 -27.61 ± 4.15 287.94 ± 36.13 -13.15 ± 12.66 

4 week withdrawal of bionormalizer and L1 -44.34 ± 31.39 356.49 ± 67.41 -21.68 ± 11.65 

12 week L1 -21.92 ± 10.80 512.65 ± 409.12 -28.53 ± 6.71 

24 week L1 -40.75 ± 18.10 324.15 ± 126.90 -25.22 ± 5.17 

36 week L1 -33.75 ± 6.18 411.02 ± 206.61 -43.82 ± 20.40 
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Figure 13  Superoxide anion in erythrocytes incubated with various substances from         

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 
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Table 23  Superoxide anion in leukocytes incubated with various substances from            

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 

Treatment O2
- in leukocytes, µmol O2

-/g Hb/h 

(weeks)  %change(+SOD) %change(+PMA) 
% change 

(+PMA+SOD) 

Baseline -49.36 ± 36.34 173.92 ± 127.55 -34.47 ± 24.88 

12 week bionormalizer -55.43 ± 25.53 43.00 ± 38.091 -45.91 ± 20.50 

4 week withdrawal of bionormalizer -31.98 ± 17.47 34.39 ± 24.51 -48.03 ± 13.66 

12 week bionornormalizer and L1 -33.20 ± 18.89 48.92 ± 16.73 -42.19 ± 33.02 

4 week withdrawal of bionormalizer and L1  -63.16 ± 36.49 91.11 ± 27.48 -47.37 ± 28.88 

12 weekL1 -68.79 ± 44.56 74.68 ± 89.65 -46.85 ± 31.15 

24 week L1 -66.55 ± 12.37 130.29 ± 71.59 -35.09 ± 10.25 

36 week L1 -39.30 ± 34.25 71.51 ± 0.61 -20.25 ± 10.10 
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Figure 14  Superoxide anion in leukocytes incubated with various substances from            

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 
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Table 24  Methaemoglobin in erythrocytes incubated with various substances from          

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 

Treatment Met Hb, µmolO2
-/g Hb/h 

(weeks) %change(+SOD) %change(+MEN) 
%change 

(+MEN+SOD) 

Baseline -34.27 ± 31.53 31.02 ± 71.55 -18.64 ± 23.26 

12 week bionormalizer -18.11 ± 15.50 31.01 ± 29.22 -18.87 ± 14.16 

4 week withdrawal of bionormalizer -4.68 ± 3.27 51.65 ± 32.35 -23.80 ± 12.18 

12 week bionormalizer and L1 -6.79 ± 2.94 43.24 ± 41.03 -13.24 ± 6.25 

4 week withdrawal of bionormalizer and L1 -50.13 ± 22.82 60.44 ± 14.08 -14.56 ± 10.92 

12 week L1 -35.94 ± 37.72 12.91 ± 11.50 a -8.49 ± 4.09 

24 week L1 -20.41 ± 9.93 49.10 ± 43.75 -23.01 ± 20.84 

36 week L1 -60.63 ± 55.68 88.90 ± 57.40 -32.97 ± 10.53 
 
a P<0.05 
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Figure 15  Methaemoglobin incubated with various substances from                            

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 
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Table 25  Glutathione S transferase in erythrocytes incubated with various substances 

from β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 

Treatment GST,nmolCDNB/ml erythrocytes pellet/min 

(weeks) 
%change 

(+0.1 mM MEN) 
%change 

(+5 mM MEN) 

Baseline -16.48 ± 8.96 -19.79 ± 12.42 

12 week bionormalizer -9.81 ± 6.45 -21.92 ± 12.62 

4 week withdrawal of bionormalizer -19.20 ± 9.05 -35.39 ± 9.11 

12 week bionormalizer and L1 -9.82 ± 8.94 -38.02 ± 6.86 

4 week withdrawal of bionormalizer and L1  -16.38 ± 8.66 -27.96 ± 13.19 

12 week L1 -12.84 ± 6.57 -22.30 ± 3.98 

24 week L1 -15.02 ± 6.54 -38.56 ± 22.26 

36 week L1 -9.11 ± 1.65 -18.46 ± 3.18 
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Figure 16  Glutathione S transferase incubated with various substances from                    

β-thalassemia/HbE patients treated with bionormalizer and deferiprone. 
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Table 26  Nitric oxide in leukocytes incubated with various substances from                      

β-thalassemia/HbE patients treated with bionormalizer. 

 
a P<0.05  
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Figure 17  Nitric oxide in leukocytes incubated with various substances from                    

β-thalassemia/HbE patients treated with bionormalizer. 

 

 

Treatment NO, mV/106 leukocytes 

 (weeks) 
%change 
(+ARG) 

%change 
(+ARG+0.6 M NAME) 

%change 
(+ARG+0.06 M NAME) 

Basal line 859.51 ± 691.02 -90.77 ± 5.94 -55.40 ± 17.51 

12 week bionormalizer 300.52 ± 275.39 -76.03 ± 11.32a -31.55 ± 18.05 

4 week withdrawal of bionormalizer 561.44 ± 380.58 -90.42 ± 6.87 -79.42 ± 11.30 
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Table 27  Reactive oxygen species in leukocytes incubated with various substances 

from β-thalassemia/HbE patients treated with bionormalizer. 

Treatment ROS, mV/106leukocytes 

(weeks)  %change  (+PMA) 

Basaline 110.68 ± 60.06 

12 week bionormalizer 180.11 ± 88.27 

4 week withdrawal of bionormalizer 236.93 ± 71.59 
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Figure 18  Reactive oxygen species in leukocytes incubated with various substances 

from β-thalassemia/HbE patients treated with bionormalizer. 
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Table 28  Superoxide anion in erythrocytes incubated with various substances from         

β-thalassemia/HbE patients treated with deferiprone. 

Treatment O2
- in Erythrocytes,µmol O2

-/g Hb/h 

(weeks) % change(+SOD) %change(+MEN) %change (+MEN+SOD) 

Baseline -25.23 ± 21.45 448.79 ± 194.92 -17.46 ± 7.14 

12-18 -19.38 ± 14.80 420.73 ± 356.46 -14.76 ± 17.65 

20-36 -34.67 ± 14.50 339.17 ± 84.17 a -25.17 ± 13.31 a 

42-51 -32.00 ± 14.57 247.93 ± 78.28 b -19.91 ± 11.88 

53-68 -24.76 ± 9.38 326.94 ± 114.66 a -18.28 ± 8.99 

70-74 -26.41 ± 3.09 255.15 ± 53.81 b -17.10 ± 13.27 
 
a P<0.05 b P<0.01 
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Figures 19   Superoxide anion in erythrocytes incubated with various substances from     

β-thalassemia/HbE patients treated with deferiprone. 
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Table 29  Superoxide anion in leukocytes incubated with various substances from            

β-thalassemia/HbE patients treated with deferiprone. 

Treatment O2
- in leukocytes,µmol O2

-/g Hb/h 

(weeks) % change(+SOD) %change(+PMA) %change (+PMA+SOD) 

Baseline -55.41 ± 22.90 66.62 ± 82.11 -63.30 ± 22.31 

12-18 -36.41 ± 18.07 b 69.44 ± 63.82 -61.62 ± 21.11 

20-36 -52.20 ± 20.71 138.04 ± 230.55 -45.96 ± 24.87 b 

42-51 -53.57 ± 23.87 98.58 ± 60.35 -39.34 ± 22.28 b 

53-68 -34.79 ± 23.35 b 76.00 ± 140.34 -25.90 ± 20.98 c 

70-74 -39.56 ± 14.17 105.98 ± 41.40 -36.87 ± 14.01 a 
 
a P<0.05 b P<0.01 c P<0.001 
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Figure 20  Superoxide anion in leukocytes incubated with various substances from            

β-thalassemia/HbE patients treated with deferiprone.  
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Table 30  Methaemoglobin incubated with various substances from                               

β-thalassemia/HbE patients treated with deferiprone. 

Treatment Met Hb, µmolO2
-/g Hb/h 

(weeks) %change(+SOD) %change(+MEN) %change(+SOD+MEN) 

Baseline -16.00 ± 10.23 53.63 ± 53.14 -23.07 ± 19.69 

12-18 -19.82 ± 10.22 41.83 ± 39.76 -12.67 ± 8.59 

20-36 -24.71 ± 26.28 42.53 ± 19.22 -16.46 ± 11.86 

42-51 -21.85 ± 14.39 46.44 ± 29.09 -17.80 ± 15.82 

53-68 -24.94 ± 26.54 45.06 ± 56.13 -12.52 ± 7.83 

70-74 -21.84 ± 18.64 45.60 ± 41.62 -17.90 ± 14.17 
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Figure 21  Methaemoglobin incubated with various substances from                           

β-thalassemia/HbE patients treated with deferiprone. 
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Table 31  Glutathione S transferase incubated with various substances from                        

β-thalassemia/HbE patients treated with deferiprone. 

 

Treatment 

GST,nmolCDNB/ml erythrocytes 
pellet/min 

(weeks) %change(+0.1 mM MEN) %change(+5 mM MEN) 

Baseline -8.50 ± 9.80 -20.30 ± 12.97 

12-18 -10.14 ± 10.85 -20.13 ± 12.14 

20-36 -9.01 ± 9.08 -21.28 ± 13.22 

42-51 -12.83 ± 10.61 -25.33 ± 12.77 

53-68 -9.68 ± 4.99 -17.47 ± 7.35 

70-74 -6.46 ± 3.32 -11.61 ± 6.16 
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Figure 22  Glutathione S transferase incubated with various substances from                    

β-thalassemia/HbE patients treated with deferiprone. 
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Table 32  Nitric oxide in leukocytes of β-thalassemia/HbE patients. 

 

Treatment NO, mV/106 leukocytes 

(weeks)  
%change 
(+ARG) 

%change 
(+ARG+0.6 M NAME) 

%change 
(+ARG+0.06 MNAME) 

Baseline 497.26 ± 439.19 -95.93 ± 6.28 -94.71 ± 7.28 
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Figure 23  Nitric oxide in leukocytes of β-thalassemia/HbE patients.  
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Table 33  Reactive oxygen species in leukocytes of β-thalassemia/HbE patients.  

 

Treatment ROS, mV/106leukocytes 

(weeks)  % change 

Baseline 175.93 ± 244.22 
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Figure 24  Reactive oxygen species in leukocytes of β-thalassemia/HbE patients.  
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CHAPTER VI 

DISCUSSION 

 

 

 
        Anemia in beta thalassemia is caused by a combination of ineffective 

erythropoiesis and premature hemolysis of RBC in the peripheral circulation.  Excess 

of alpha globin chain present in beta thalassemia RBC is mainly responsible for 

oxidative damage of erythrocyte membrane protein (101).  Oxidation of the red cell 

membrane has in the past been ascribed to free radicals generated by iron, heme or 

hemichromes which can affect both lipid and protein components.  Recent studies 

indicate a pivotal role of red cell membrane nonheme or free iron in the oxidative 

process (102).   

        The excess of iron in β-thalassemia patients leads to the saturation of transferrin 

and increases levels of both ferritin, which represents an important-though debatable-

parameter to monitor iron overload, and of non-transferrin bound iron.  This free form 

of iron is able to mediate the production of extremely reactive hydroxyl radicals.  

Besides, ferritin itself is able to stimulate lipoperoxidation to an extent related to the 

level of iron it contains: reducing agents such as superoxide anion radicals or vitamin c 

are able to cause the reductive release of Fe2+ from the protein, and this Fe3+ catalyzes 

the formation of OH..  Iron accumulates particularly in liver, spleen, heart, pancreas 

and pituitary gland, and many transfusion-dependent thalassemic patients suffer from 

liver damage, endocrinological complications and cardiac malfunctions.  This suggests 

the etiopathological involvement of an increased generation of iron-dependent reactive 

oxygen species, leading to oxidative damage, further amplified by the depletion of 

antioxidants, the concentrations of which become in sufficient to cope with the high 

levels of ROS and other radicals, affecting RBC integrity and function (5). 

        However, recent studies have shown that thalassemic red blood cell membrane 

pathological free iron can be removed with the oral chelator deferiprone (L1, 1,2-

dimethyl-3-hydroxypyrid-4-one) (103) and that this leads to reduction in red blood cell 

oxidized membrane proteins, improvement in red cell hydration status and extension 
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of red blood cell survival (104).  There is now ample evidence to support an 

intervention regimen in thalassemic subjects involving both iron chelator and 

antioxidants (immugen and bionormalizer) with the goal of ameliorating the adverse 

properties of oxidatively damage red blood cell and thereby extending their lifetime in 

circulation which should lead to an improvement in the quality of life for these 

patients.  

 

Superoxide anion in erythrocytes 
        In this study, the percentage change of superoxide anion in erythocytes of                   

β-thalassemia patients was lower than normals (P=0.038) because in thalassemia 

patients had more oxidative stress (superoxide anion) than normal.  When added SOD, 

menadione and menadione with SOD the percentage change in normal group were 

higher than thalassemia group 

.     Superoxide anion is chemically incapable of damaging DNA directly, it is thought 

to do so indirectly by participating in the production of hydroxyl radicals.  A long 

standing proposal is that superoxide serves as a reductant for iron that is adventitiously 

bound to DNA.  Subsequent oxidation of the iron by hydrogen peroxide generates the 

hydroxyl radical, a powerful oxidant that attacks the adjacent DNA 

 

 

. 

 

 

 

        The superoxide anion concentration needed to rapidly reduce iron exceeded by 

several orders of magnitude its estimated intracellular concentration.  Concerns such 

as these have prompted the development of other hypotheses.  Aust et al. (104) 

demonstrated that superoxide anion could release iron from ferritin in vitro and 

suggested that similar behavior in vivo could provide free iron to catalyze the 

peroxidation of cell membranes.  Flint and Emptage suggested that the released iron 

could immediately act as a Fenton catalyst, possibly further damaging the dehydratase.  

However, as Liochav and Fridovich have noted, the released iron could also more 

O2
.- + Fe3+ O2 + Fe2+ 

H2O2 + Fe2+ OH. + OH- + Fe3+ (Fenton reaction) 
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generally participate in Fenton reactions throughout the cell, including along the 

surface of DNA (105). 

 

        The percentage change superoxide anion in erythrocytes of                        

β-thalassemia/HbE after treatment 

         1.  The β-thalassemia/HbE patients who received immugen 

              1.1.  The β-thalassemia/HbE patients treatment with immugen 12 weeks, the 

percentage change of superoxide anion were decreased when added with SOD 

(P=0.053).  The decreased percentage change reaction for superoxide anion when 

added SOD means that immugen could not inhibit activities of superoxide anion in         

β-thalassemia patients.  When added menadione the percentage change of superoxide 

anion was not different (P=0.861).  When added menadione and SOD the percentage 

change were increased (P=0.049).  Its show after treated only immugen in                  

β-thalassemia/HbE patients the superoxide anion was not decreased in β-thalsssemia 

patients.  The activities of immugen could not inhibit more damaging on superoxide 

release on erythrocytes.  The release of active oxygen species (superoxide anion) the 

prooxidants guanines, phenylhydrazine, hydroperoxides, transition metal ions oxygen 

radical production by erythrocytes were increased under oxidative stress from patients 

with hematological thalassemia (106).  

              1.2.  The β-thalassemia/HbE patients treated with immugen with L1 for 12 

weeks, the percentage change of superoxide anion when added with SOD was not 

different (P=0.630) but when added with menadione the percentage change was 

decreased (P=0.032) and menadione with SOD was not different after treated (0.969).  

It means that receiving antioxidant and oral iron scavenger (immugen and deferiprone) 

could inhibit superoxide anion release in erythrocytes better than receiving only 

immugen.  

              1.3.  In β-thalassemia/HbE patients treated with only deferiprone (L1) for 12, 

24 and 36 weeks, the percentage change of superoxide anion when added with SOD 

and menadione were not different.  When added menadione and SOD the percentage 

change were increased for 12 weeks (P=0.028) and for 24 weeks (P=0.018).  It means 

that treatment with only oral iron chelator deferiprone could not inhibit the superoxide 

anion in erythrocytes.   
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         2.  The β-thalassemia/HbE patients who received bionormalizer 

        Bionormalizer inhibited hydroxyle peroxyl, carbon-centered, and lipid peroxides 

in erythrocytes; suppressed oxygen radicals in cell-free systems such as Fenton 

reaction, xanthine, xanthine oxidase, H2O2; reduced spontaneous and menadione 

induced superoxide releases from erythrocytes (107).  

              2.1. The percentage change of β-thalassemia patients receiving of 

bionormalizer 12 weeks were decreased when added SOD and menadione.  It means 

that treatment with bionormalizer could decreased superoxide anion but could not 

decreased inhibition of superoxide anion, whereas when added with menadione and 

SOD the percentage change was not different.   

              2.2.  Treatment with bionormalizer and L1 for 12 weeks the percentage 

change of superoxide anion were decreased when added SOD and menadione.  It 

means that treatment with bionormalizer the β-thalassemia/HbE patients could 

decreased of activated of superoxide anion but could not decreased inhibited of 

superoxide anion, whereas when added with menadione and SOD the percentage 

change was not different.   

              2.3.  After treatment deferiprone for 12, 24 and 36 weeks the percentage 

change of superoxide anion was not different when added with SOD, menadione and 

menadione with L1 it may be that the number of subjects were not enough to exclude 

or the activities of superoxide anion was higher than the activity of deferiprone. 

 

        3.  The β-thalassemia/HbE patients who received deferiprone 

              3.1.  β-thalassemia patients receiving of iron chelating, deferiprone were not 

different when added with SOD.  When added menadione the percentage change of 

superoxide anion were decreased it mean that receiving deferiprone could decrease 

superoxide anion in erythrocytes, the percentage change was not different whereas 

additional of menadione and SOD.  The oral iron chelator deferiprone can effectively 

remove abnormal free iron deposits from membranes of intact thalassemic red blood 

cell.  Because of the potential consequences of membrane associated free iron in 

pathophysiology are as follows: Firstly; acting as a Fenton reagent, membrane 

associated free iron could target the generation of the reactive hydroxyl radical directly 

adjacent to membrane components.  Secondly; iron can catalyze the reinitiation of 
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lipid peroxidation by breaking down the lipid hydroperoxides.  Thirdly; under certain 

circumstances iron is capable of actually initiating lipid peroxidation. 

 

Superoxide anion in leukocytes 

         The percentage change of superoxide anion activities in β-thalassemia/HbE 

patients and normals were not different when added SOD and PMA with SOD.  It 

means that the superoxide anion in leukocytes was not different between normal and 

thalassemia group. When add only PMA the percentage change in normal was higher 

than thalassemia group (P<0.001) its may be in thalassemia patients had more free 

radicals from oxidative stress pathway than normal group. 

 

        The percentage change of superoxide anion in leukocytes of                        

β-thalassemia/HbE patients after treatment. 

         1.  The β-thalassemia/HbE patients who received immugen 

               1.1. The β-thalassemia/HbE patients treatment with immugen 12 weeks, the 

percentage change of superoxide anion in leukocytes were not different when added 

SOD and PMA.  The percentage change were decreased when added with PMA and 

SOD, it means that immugen could decrease superoxide anion in leukocytes in          

β-thalassemia /HbE patients. 

               1.2.  The β-thalassemia/HbE patients treatment immugen with L1 for 12 

weeks, the percentage change of superoxide anion when add SOD, PMA and PMA 

with SOD   were not different.  It may be that number of subjects were not enough to 

exclude or the activities of superoxide anion was higher than the activity of 

deferiprone.   

               1.3.  The β-thalassemia/HbE patients treatment only deferiprone (L1) for 12, 

24 and 36 weeks, the percentage change of superoxide anion when added SOD and 

PMA were increased its mean that after receiving deferiprone the activities of 

deferiprone could decreased of inhibit of superoxide anion when added SOD but could 

not decreased activated of superoxide anion when added menadione.  So when added 

PMA with SOD the percentage change of superoxide anion in leukocytes was not 

different. 



Napaporn  Limpitisathaporn                                                                                                Discussion  / 84 

 

         2.  The β-thalassemia/HbE patientswho received bionormalizer 

               2.1 The percentage change of β-thalassemia patients receiving of 

bionormalizer 12 weeks were not different when added SOD and PMA with SOD but 

when added only PMA the percentage change was decreased.  It means that after 

treated bionormalizer for 12 weeks the percentage change of superoxide anion in 

leukocytes could decreased of activated of superoxide anion when added PMA. 

               2.2. Treatment bionormalizer with L1 for 12 weeks the percentage change of 

superoxide anion were not difference when added SOD and PMA with SOD and when 

added only PMA the percentage change was increased.  It means that after treated 

bionormalizer with L1 in β-thalassemia/HbE patients could not decreased of 

superoxide anion in leukocytes of thalassemia patients. 

               2.3.  After treated deferiprone for 12, 24 and 36 weeks the percentage change 

of superoxide anion was not different when added SOD, PMA and PMA with SOD.  It 

may be the subjects were not great enough to exclude or the activities of superoxide 

anion more higher than the deferiprone to scavenge.   

 

         3.  The β-thalassemia/HbE who received deferiprone 

               3.1.  The percentage change in β-thalassemia patients receiving of iron 

chelating, deferiprone were decreased when added SOD for 12-18 week, 53-68 week 

and 70-74 week.  When added PMA the percentage change of superoxide anion was 

increased it may be the superoxide anion in leukocytes can reaction with nitric oxide 

to prevent tissue injury.  Under conditions of normal cell metabolism, electron 

transport is tightly regulated to limit the potential for univalent oxygen reduction.  

Despite these protective effects, it is estimated that up to 1 % of oxygen reduced under 

normal cellular conditions occurs univalently and exposes cells to a constant flux of 

superoxide anion and H2O2, thereby limiting the production of hydroxyl radical.  In 

most cases cellular antioxidant defenses are sufficient to prevent significant tissue 

injury.  The relative quantity of these reactive oxygen products may be increased, 

however under a number of pathologic conditions and thus contribute to tissue injury, 

as cellular antioxidant defenses are overwhelmed, bypassed, or inactivated (108).  In 

contrast, many aspects and chronic inflammatory tissue injury appear to be mediated 
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by oxidants released by neutrophils and other phagocytes, a process enhanced by 

adherence of the phagocytes to the target cell surface.  In addition to the direct 

cytotoxic effects of phagocyte-derived oxidants, these compounds also indirectly may 

cause proinflammatory effects through their ability to induce cellular production of 

cytokines (109). 

        In group of patients who receiving deferiprone the activities of superoxide anion 

in leukocytes were decreased. 

 

Methaemoglobin 
        This study found that the activities of methaemoglobin in thalassemia group was 

higher more than normal group.  When added SOD the percentage change in normals 

was higher than thalassemia patientes (P=0.003) because the activites of antioxidant 

(SOD) in normal group could inhibit the methaemoglobin better than thalassemia 

patients.  When added menadione the percentage change in normal was higher than 

thalassemia group its mean that the amount of methaemoglobin in thalassemia patients 

were start higher than normal so after activated with menadione in thalassemia group 

was not increased of percentage change, that same as when add menadione with SOD 

the percentage change in normal was higher than thalassemia too.   

        We known that methaemoglobin is the product with Fe3+ present in the haem ring 

is unable to bind O2 and is thus biologically inactive and so these cells are exposed to 

a constant flux of superoxide anion.  Unstable haemoglobins tend in to precipitate on 

to the erythrocyte membrane, setting the scene for site-specific free radical reactions 

that promote lipid peroxidation and damage to membrane proteins.  Iron overload in 

thalassemia patients may also be released to bind to the membrane.  The accumulation 

of iron deposits on the cytoplasmic surface of thalassemia erythrocytes has been 

implicated in their destruction.  Several mutant haemoglobins undergo oxidant and 

superoxide anion release much faster than normal, as do the isolated α or β chains that 

accumulate in thalasssemia. 

        Thalssemias are defects in which one of the haemoglogin chains is synthesized 

abnormally slowly, leading to an excess of the other.  The iron in the haem rings of 

haemoglobin is in Fe 2+ state, and essentially remains so when O2 binds. 
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        The bonding is intermediate between Fe2+ bonded to O2, and Fe3+ bonded to the 

superoxide radical.  Every so often a molecule of oxyhaemoglobin undergoes 

decomposition and releases O2
.- 

 

 

 

        The product with Fe3+ present in the haem ring is unable to bind O2 and is thus 

biologically inactive, it is known as methaemoglobin.  It has been estimated that about 

3% of the haemoglobin persent in human erythrocytes undergoes such oxidation every 

day, and so these cells are exposed to a constant flux of O2
.- (110). 

 

        The percentage change of methaemoglobin in β-thalassemia/HbE patients 

after treatment 

        1.  The β-thalassemia/HbE patients who received immugen 

              1.1.  The β-thalassemia/HbE patients treatment with immugen 12 weeks, the 

percentage change of methaemoglobin were not different when added SOD and 

menadione.  The percentage change were increased when added menadione with SOD, 

it mean that the β-thalassemia /HbE patients after receiving immugen for 12 weeks 

could not decreased of methaemoglobin in β-thalassemia/HbE patients. 

              1.2.  The β-thalassemia/HbE patients treatment immugen with L1 for 12 

weeks, the percentage change of methaemoglobin when add SOD and menadione with 

SOD   were decreased.  When added menadione to activated reaction the percentage 

change was increased.  Its means that receiving immugen and deferiprone could not 

decreased methaemoglobin in β-thalassemia patients or it may be the subjects were not 

great enough to exclude or the activities of methaemoglobin more higher than the 

menadion and deferiprone to scavenge. 

              1.3.  The β-thalassemia/HbE patients treatment only deferiprone (L1) for 12, 

24 and 36 weeks, the percentage change of methaemoglobin when added SOD, 

haem-Fe2+-O2 haem-Fe3+-O2
.- 

haem-Fe2+-O2 O2
.- + haem-Fe3+ 
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menadione and menadione with SOD were decreased its mean that after receiving 

deferiprone the activities of deferiprone could not decreased of inhibit activities of 

methaemoglobin when added SOD but could decreased activated of methaemoglobin 

when added menadione and menadione with SOD.  When after receiving deferiprone 

the percentage change in methaemoglobin were decreased. 

 

        2.  The β-thalassemia/HbE patients who received bionormalizer 

              2.1. The percentage change of β-thalassemia patients receiving of 

bionormalizer 12 weeks were not different when added menadione and menadione 

with SOD but when added only SOD the percentage change was decreased.  It means 

that after treated bionormalizer for 12 weeks the percentage change of 

methaemoglobin could not decrease activated of methaemoglobin in                        

β-thalassemia/HbE. 

              2.2. Treatment with bionormalizer and L1 for 12 weeks the percentage 

change of methaemoglobin were not different when added with SOD but when added 

only menadione and menadione with SOD the percentage change was decreased.  It 

means that treatment bionormalizer with L1 in β-thalassemia/HbE patients could 

decrease of activities of methaemoglobin in β-thalassemia/HbE patients. 

              2.3.  After treated deferiprone for 12, 24 and 36 weeks the percentage change 

of methaemoglobin was decreased when added with SOD and menadione.  The 

percentage change in β-thalassemia /HbE patients were decreased when added with 

menadione and SOD not different for 12 weeks for 24 weeks.  It may be after 

receiving bionormalizer and deferiprone could decreased the activities of 

methaemoglobin  

 

        3.  The β-thalassemia/HbE who received deferiprone 

              3.1.  The percentage change in β-thalassemia patients who receiving iron 

chelating, deferiprone were increased when added with SOD.  When added menadione 

the percentage change of methaemoglobin was decreased and when added menadione 

with SOD the percentage change of methaemoglobin activities was decreased.  This 

study found that after receiving the deferipronre in β-thalassemia/HbE will improve 
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because the activities of methaemoglobin were decreased.  After administration of 

deferiprone the iron content and methaemoglobin release lower than before treatment.  

The favorable effects of deferiprone in iron-overloaded explained by its possessing 

both chelating and antioxidant properties (111). 

 

Reactive oxygen species (ROS) 
        In these study thalassemia group have lower percentage change of ROS more 

than normal group when added PMA to activated.  The risks of oxidant stress were 

claimed to be increased in thalassemic white cells.  Reactive oxygen species is a 

collective term often used by scientists to include not only the oxygen radicals (O2
.- 

and OH.) but also some non-radical derivatives of O2.  These include H2O2, 

hypochlorous acid (HOCl, an oxidizing and chlorinating agent produced by activated 

phagocytes) and ozone (O3).  ‘Reactive’ is, of course, a relative term; neither O2
.- nor 

H2O2 is particularly reactive in aqueous solution.  Hence, some authors use the term 

‘oxygen-derived species’ instead.  Another popular collective term is ‘oxidants’.  

However, since O2
.- and H2O2 can act as both oxidizing and reducing agents in 

different systems in aqueous  solution (112). 

         The percentage change of reactive oxygen species in β-thalassemia/HbE 

patients after treatment 

         The β-thalassemia/HbE patients treated with immugen or bionormalizer for 12 

weeks, the percentage change of ROS were not different when added with PMA.  It 

may be the subjects were not great enough to exclude and had short period of assay.  

For the percentage change in β-thalassemia/HbE patients that before treatment for 

immugen, bionormalizer and deferiprone were not different.   

 

Nitric oxide 

        The percentage change of nitric oxide in β-thalassemia/HbE groups showed 

higher than normal group.  Normaly neutrophils and macrophages can generate nitric 

oxide.  Nitric oxide at micromolar levels can kill certain bacteria and other cells, both 

directly and indirectly, by reacting with superoxide anion and generating peroxynitrite 

(ONOO-).  ONOO- can react with H2O2 to give O2, an alternative source of the O2 
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detected in activated phagocytes under certain circumstances (113).  The blood 

collection, white blood cell in β-thalassemia patients were higher more than normal 

group, it means that white blood cell play role and regulate of cell injury or 

inflammation in thalassemia patients. 

        Nitric oxide is a pluripotent regulator of diverse cellular functions.  By virtue of 

its free radical nature, it is capable of participating in a variety of redox reactions that 

can lead to its reversible and irreversible reactions with a variety of target molecules 

within cells.  Its chemical reactively and abundance during inflammation ensure that 

NO will play an important position in the regulation of tissue injury, especially that 

resulting during oxidative stress.  The precise role, however, remains controversial 

since NO can both augment and prevent tissue and cellular damage.  In addition, NO 

can react with superoxide to produce the powerful oxidant peroxynitrite, and readily 

oxidize protein and non protein sulfhydryls, as well as membrane lipids.  Several 

studies indicate the potential of NO to enhance cellular injury.  In contrast, NO can 

also serve a protective function during oxidative stress.  By virtue of its electron-

donating ability, NO can serve to diminish oxidative stress by quenching lipid peroxyl 

and other radical species.  NO induced protection from oxidant-mediated cell and 

tissue injury has been observed (114). 

        Nitric oxide synthase catalyzes the conversion of L-arginine, molecular oxygen, 

and nicotinamide adenine dinucleotide phosphate (NADPH) to NO, citrulline, and 

NADP+ .  The neuronal (n) and endothelial (e) NOS isozymes are highly regulated by 

Ca+ and calmodulin (CaM), whereas the iNOS has CaM tightly bound.  NOS are heme 

proteins that also contain tightly bound flavin adenine dinucleotide (FAD) and flavin 

mononucleotide (FMN) and require tetrahydrobiopterin (BH4) for activity, whereas 

NADPH is used as a substrate (115).  In thalassemia patients were higher of activities 

nitric oxide in leukocytes, its may be NADPH, the substrate is more enough to 

generated nitric oxide synthase. 
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        The percentage change of nitric oxide in β-thalassemia/HbE patients after 

treatment 

        In β-thalassemia patients who receiving of immugen 

        The β-thalassemia/HbE patients treated with immugen for 12 weeks, the 

percentage change of nitric oxide were not different when added with arginine.  For 

the percentage change when add 0.6 M NAME in β-thalassemia/HbE patients was 

decreased (P=0.037).   It may be the subjects were not enough in this study and 

received treatment for a short period of time.   

        The immugen known as free radical modulator is the inducer of cytokine 

synthesis.  It was also shown that immugen was activator of the inducible nitric oxide 

synthase (INOS).  Immugen caused the INOS induction and increased NO production 

by both circulating blood cells and tissue macrophages of patients. 

        In β-thalassemia patients who received bionormalizer 

        Bionormalizer could affect nitric oxide production and inducible nitric oxide 

synthase (iNOS) expression, capable of affecting a multitude of mechanisms in the 

immune response (116).  After the β-thalassemia/HbE patients receiving of 

bionormalizer, the percentage change of nitric oxide were decreased when added 

inhibitor 0.6 M NAME (P=0.039) and 0.06M NAME (P=0.085) but when added only 

arginine to activated the percentage change was not different.  The efficacy of 

bionormalizer on nitric oxide production was investigated in a chemical and cellular 

system.  This effect of bionormalizer was dose dependent.  Such effects of 

bionormalizer on nitric oxide production were not due to changes in the activity of 

INOS.  Reverse transcription-polymerase chain reaction analysis revealed that the 

increase in nitric oxide production corresponded to an increase in the accumulation of 

INOS mRNA without any changes in mRNA stabilite.  Furthermore, bionormalizer 

augmented the interferon (IFN)-y-dependent expression of mRNA both of tumor 

necrosis factor A and interleukin IB which might also be implicated in the immune 

system.  These results suggest that bionormalizer itself dose not provide a signal that 

triggers induction of the nitric oxide pathway but shows synergistic interaction with 

inrtferon (IFN)-y to induce nitric oxide synthesis.  These properties of bionormalizer 

may be in part responsible for its reported therapeutic activity against various diseases 

(116). 
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        In β-thalassemia patients who received derferiprone 

        There was no significantly difference in nitric oxide between before and after 

treatment with deferiprone in all groups of patients.   

 

Glutathione S transferase 

        In β-thalassemia patients the percentage change of glutathione S transferase 

activities were higher more than normal group when added with 0.1 M and 5mM of 

menadione.  Increased of percentage change of glutathione S transferase in 

thalassemia patients was compensated to protection of cellular constituents from 

electrophilic, xenobiotic chemical. and constantly subjected to oxidative stress. 

        In β-thalassemia/HbE patients who received immugen 

        In β-thalassemia/HbE patients after treated with immugen for 12 weeks and 

treated with immugen and deferiprone, the percentage change of glutathione S 

transferase activities were not different.  When treated only with deferiprone for 24 

weeks the percentage change was decreased (P=0.045).  The deferiprone can scavenge 

iron overload that leading to activation the free radicals in β thalassemia patients and 

could decrease another free radicals in this patients group. 

        In β-thalassemia/HbE patients who received bionormalizer 

        β-thalassemia patients group who receiving bionormalizer the percentage change 

were not different from glutathione S transferase.  Because of this bionormalizer, the 

nutraceutical from papaya and tropical herbs, against Cu-, Fe-, Co- and Pb-associated 

toxicity cound suppress free radical processes induced by iron overload.  

Bionormalizer is a potent scavenger of free radicals, particularly hydroxyl radical so it 

decreased the oxidative stress in β-thalassemia group. 

        In β-thalassemia/HbE patients who received deferiprone 

        The β-thalassemia /HbE patients who receiving of deferiprone, the activities of 

glutathione S transferase were decreased to normal levels and correlated to the 

decrease of oxidative stress in thalassemia patient.  The iron chelating deferiprone can 

decrease free iron from RBC membranes, decrease the generation of hydroxyl and 

alkoxyl radicals through Fenton reaction in the thalassemic patients. 
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        All erythrocytes have multiple cytosolic and membrane-bound GST isoenzymes, 

each with distinct substrate specificities and other properties.  As well as their catalytic 

functions, many GSTs appear to serve as intracellular carrier proteins for haem, 

bililubin, bile pigments and steroids, which bind non-enzymically to the proteins.  

Microsomes contain a GST involved in drug metabolism, and leukotriene C4 synthase 

is a GST, although it dose not appear to play a role in xenobiotic metabolism.  The 

cytosolic enzyme are dimmers (117). 

        Liver is especially rich in these enzymes and the resulting glutathione conjugates 

are often excreted into bile using ATP-dependent glutathione S conjugate ‘efflux 

pumps’; the same pumps are involved in the export of GSSG when liver is subjected 

to oxidative stress.  Alternatively, the adducts can be degraded and acetylated to form 

N-acetylcysteine conjugates which can be excreted in the urine.  Compounds 

metabolized by glutathione transferases in animals include chloroform, organic 

nitrates, bromobenzene, aflatoxin, DDT, naphthalene and paracetamol.  The presence 

of large amounts of such xenobiotics can decrease hepatic GSH concentrations, 

thereby impairing the antioxidant defense capacity of the liver.  Some glutathione 

transferases can metabolize cytotoxic aldehydes produced during lipid peroxidation, 

such as 4-hydroxynonenal (117). 

        GST enzymes activity is 1-chloro-2,4-dinitrobenzene, which is conjugated with  

GSH to give S-(2,4-dinitrophenyl) glutathione, whose formation is easily assayed 

spectrophotometrically.  Some GSTs show a glutathione-peroxidase-like activity, with 

organic hydroperoxides, which was formerly called non-selenium glutathione 

peroxidase.  They catalase reaction of organic peroxides (but not of H2O2) with GSH 

to form GSSG and alcohols (98).  Human erythrocyte glutathione S-transferase 

activity is inhibited, probably competitively, by hemin with a Ki of 10–7 M.  It is 

postulated that glutathione S –transferase functions physiologically as a hemin-binding 

and/or transport protein in developing erythroid cells. The Iron atom is reduced to the 

ferrous state for incorporation into the protoporphrin molecule to synthesize heme at 

the heme synthetase (ferrochelatase) step.  Once formed, the ferroheme is readily 

oxidized to ferriheme (hemin).  It is not clear if this oxidation occurs before the heme 

is transported from mitochondria, but it dose occur before the heme group combines 

with globin chains, becauses newly synthesized hemoglobin is in the form of 
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methemoglobin.  Uncommitted heme plays a central role in the regulation of iron 

uptake and hemoglobin synthesis in developing erythroid cells.  Within mitochondria, 

heme exerts negative feedback control on its own synthesis at the S-aminolevulinic 

acid synthetase and heme synthetase steps.  Once formed, heme must be translocates 

from mitochondria to the site of hemoglobin synthesis in the cytoplasm.  

Endogenously synthesized heme dose not freely penetrate the inner mitochondrial 

membranes, and consequently, the transport of heme across this membrane appears to 

be a potential rate-limiting step in hemoglobin synthesis. The efflux of heme from 

mitochondria depends on the presences of cytosolic protein.  Uncommitted 

cytoplasmic heme (probably as hemin) inhibits cellular and mitochondrial uptake of 

iron and promotes the synthesis of globin chains.  Hemin is poorly soluble in aqueous 

solutions at body pH and tends to form large aggregatges at concentrations as low as        

10-7 M.  The as much as glutathione S transferase binds hemin at 10-7 M, potential 

function of glutathione S transferase is to keep hemin solubilized (83).  Erythrocyte 

glutathione S transferase appears to bind hemin with an affinity equal to, if not greater 

than, that of ligandin in rat liver and glutathione S transferase proteins present in 

human liver.  It is of interest in this respect that bilirubin, a nonsubstrate ligand that is 

metabolized and excreted by the liver is bound poorly by erythrocyte glutathione S 

transferase compared to liver forms of glutathione S transferase. 
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CHAPTER VII 

CONCLUSION 

 

 

 
        Thalassemia, a family of hereditary disorders, results from more than 200 

different mutations of the α or β genes.  Patients prooxidant with thalassemia are prone 

to increased mutations of the or genes.  Patients prooxidant  with thalassemia are 

prone to increased oxidative stress, defined as an imbalance in versus antioxidant 

species in favor of the former.  The oxidative damage to biological molecules, 

particularly lipids and proteins, leads to shortened RBC survival and vascular 

endothelial cell injury.  In the long term, vascular complications such as 

atherosclerosis, pulmonary thromboembolism, cerebral thrombosis and leg ulcers can 

develop.  Oxidation of DNA and intracellular signaling molecules can also modify 

cellular structures and functions in various organs. 

        There are multiple causes of increased oxidative stress in thalassemia which 

include the followings: 

1. The absence or reduction of the α or β globin chains results in excess 

unpaired globin chains which are unstable and susceptible to oxidation. 

2. Iron overload, resulting from heamolysis and blood transfusion, enhances the 

generation of hydroxyl and alkoxyl radicals through Fenton reaction. 

3. The plasma levels of several antioxidant vitamins, namely vitamin E,           

β-carotene and vitamin C are depleted because of excessive consumption 

and reduced dietary intake (118). 

        The superoxide anion in erythrocytes in β-thalassemia/HbE after treated with 

immugen, bionormalizer and deferiprone.  Showed decreased activities of superoxide 

anion in erythrocytes.  The same with superoxide anion in leukocytes after treated with 

immugen plus deferiprone and bionormalizer plus deferiprone.  

        The activities of methaemoglobin in thalassemia patients were decreased when 

treated with deferiprone.  The oral iron chelator deferiprone could scavenge the iron 

overload that leading to generation of free radicals in erythrocytes.  The                        
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β-thalassemia/HbE patients after treated with only antioxidant (immugen, 

bionormalizer) showed could no inhibit ion of the free radical. 

        In β-thalassemia patients after treated for immugen and bionormalizer, the 

percentage change of nitric oxide in leukocytes were decreased but the percentage 

change of reactive oxygen species were increased.  The finding of nitric oxide in 

thalassemia patients may interact with superoxide anion to protect cells in white blood 

cell. 

        The percentage change of glutathione S transferase (reduce glutathione) were 

decreased when treated with bionormalizer because after activated free radicals by 

menadione the antioxidant for bionormalizer could scavenge the free radicals in 

erythrocytes. 

        From this study, the oxidative stress in patients receiving immugen and 

bionormalizer were slightly decreased after treatment.  This may be due to too small of 

the sample size.  For patients who receivied deferiprone, the oxidative stress and iron 

overload were decreased. 

        The situation is likely to change in the future, as interest in this topic is increasing 

and basic research has demonstrated the important role of oxidative stress in several 

diseases.  Moreover, the use of antioxidants as therpeutic agents is likely to enter the 

medical practice, and this prompts the monitoring of their antioxidant effects in 

clinical chemistry laboratory; this procedure is required before deciding about the 

beneficial or non-beneficial effects of antioxidant drugs. 

        The free radicals superoxide anion in β-thalassemia patients/HbE in erythrocytes 

before treatment were higher than normal group 33.76%.  After treatment with 

immugen or bionormalizer and deferiprone the superoxide anion were increased 

16.66% because after treatment the superoxide anion were reaction with haemoglobin, 

oxidized oxyhaemoglobin to methaemoglobin and reduced methaemoglobin to 

oxyhaemoglobin. 

 

        OxyHb + O2
.- +2H+   MetHb + H2O2 

        MetHb + O2
.-    OxyHb  (81) 
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        The study methaemoglobin in erythrocytes were very higher in thalassemia 

patients more than normal group 90.38%.  After treatment the activities of 

methaemoglobin were decreased 5.67%.  The β-thalassemia/HbE patients in 

leukocytes the free radical superoxide anion and nitric oxide were lower than normal 

group 46.88% and 49.43%.  After treatment the activities of superoxide anion and 

nitric oxide were increased 27.43% and 32.60%.  The reactive oxygen species in        

β-thalassemia/HbE patients were higher than normal group 24.44% after treatment this 

free radical were decreased 68.76%.  For glutathione S transferase in thalassemia 

patients were higher than normal group 11.80% but after treatment the glutathione 

were decreased 19.38%. 
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Erythrocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

SPr I 28-Feb-00 _ Baseline S 125.07 96.68 77.30 -22.70 608.80 486.77 386.77 535.52 87.96 -12.04

AT I 1-Mar-00 _ Baseline NS 251.65 90.97 36.15 -63.85 499.85 198.63 98.63 476.79 95.39 -4.61

ASJ I 9-Mar-00 _ Baseline NS 142.02 43.83 30.86 -69.14 1434.161009.83 909.83 1223.21 85.29 -14.71

SiG I 27-Jun-00 _ Baseline NS 387.91 268.84 69.30 -30.70 1340.51 345.57 245.57 1083.18 80.80 -19.20

KG I 4-Jul-00 _ Baseline S 173.95 115.62 66.47 -33.53 1079.95 620.84 520.84 961.53 89.03 -10.97

216.12 123.19 56.02 -43.98 992.65 532.33 432.33 856.05 87.70 -12.30

387.91 268.84 77.30 -22.70 1434.161009.83 909.83 1223.21 95.39 -4.61

125.07 43.83 30.86 -69.14 499.85 198.63 98.63 476.79 80.80 -19.20

107.63 85.60 21.01 21.01 422.42 309.90 309.90 333.20 5.35 5.35

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented immugen 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

SPr II 9-Aug-00 19 Immugen S 181.46 173.14 95.41 -4.59 961.32 529.77 429.77 938.93 97.67 -2.33

AT II 20-Jun-00 12 Immugen NS 124.67 111.16 89.16 -10.84 234.90 188.42 88.42 119.90 51.04 -48.96

ASJ II 20-Jun-00 14 Immugen NS 96.98 110.98 114.44 14.44 542.09 558.97 458.97 108.07 19.94 -80.06

SiG II 27-Sep-00 12 Immugen NS 114.49 94.86 82.85 -17.15 704.76 615.56 515.56 479.69 68.06 -31.94

KG II 3-Oct-00 12 Immugen S 158.56 84.84 53.51 -46.49 1044.50 658.74 558.74 551.40 52.79 -47.21

135.23 115.00 87.08 -12.92 697.51 510.29 410.29 439.60 57.90 -42.10

181.46 173.14 114.44 14.44 1044.50 658.74 558.74 938.93 97.67 -2.33

96.98 84.84 53.51 -46.49 234.90 188.42 88.42 108.07 19.94 -80.06

34.23 34.37 22.18 22.18 327.19 186.73 186.73 344.80 28.28 28.28

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Min
SD

Average
Max
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Erythrocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

SPr III 5-Sep-00 _ Baseline S 156.01 127.14 81.49 -18.51 893.63 572.80 472.80 859.32 96.16 -3.84

AT III 25-Jul-00 _ Baseline NS 129.90 88.41 68.06 -31.94 1099.64 846.53 746.53 912.92 83.02 -16.98

ASJ III 27-Sep-00 _ Baseline NS 96.35 84.18 87.37 -12.63 944.63 980.42 880.42 379.29 40.15 -59.85

KG III 31-Oct-00 _ Baseline S 168.74 131.56 77.97 -22.03 929.25 550.70 450.70 870.03 93.63 -6.37

137.75 107.82 78.72 -21.28 966.79 737.61 637.61 755.39 78.24 -21.76

168.74 131.56 87.37 -12.63 1099.64 980.42 880.42 912.92 96.16 -3.84

96.35 84.18 68.06 -31.94 893.63 550.70 450.70 379.29 40.15 -59.85

31.99 24.98 8.10 8.10 91.11 210.49 210.49 251.80 26.02 26.02

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

SD

Average
Max
Min

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented immugen+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

AT IV 29-Nov-00 12 Immugen+L1 NS 224.27 203.43 90.71 -9.29 600.74 267.87 167.87 573.41 95.45 -4.55

SPr IV 30-Jan-01 12 Immugen+L1 S 306.27 229.89 75.06 -24.94 1071.50 349.86 249.86 623.22 58.16 -41.84

ASJ IV 27-Feb-01 13 Immugen+L1 NS 226.57 102.14 45.08 -54.92 775.23 342.16 242.16 628.56 81.08 -18.92

KG IV 29-May-01 12 Immugen+L1 S 202.07 157.93 78.15 -21.85 789.84 390.87 290.87 637.13 80.67 -19.33

239.79 173.35 72.25 -27.75 809.33 337.69 237.69 615.58 78.84 -21.16

306.27 229.89 90.71 -9.29 1071.50 390.87 290.87 637.13 95.45 -4.55

202.07 102.14 45.08 -54.92 600.74 267.87 167.87 573.41 58.16 -41.84

45.67 56.01 19.34 19.34 194.75 51.22 51.22 28.69 15.40 15.40

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD
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thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

AT V 9-Jan-01 _ Baseline NS 181.32 157.66 86.95 -13.05 641.43 353.76 253.76 611.03 95.26 -4.74

ASJ V 27-Mar-01 _ Baseline NS 199.52 134.14 67.23 -32.77 1093.52 548.07 448.07 1013.31 92.66 -7.34

SPr V 27-Feb-01 _ Baseline S 186.31 122.16 65.57 -34.43 749.82 402.45 302.45 647.00 86.29 -13.71

KG V 26-Jun-01 _ Baseline S 299.49 212.96 71.11 -28.89 750.50 250.59 150.59 606.62 80.83 -19.17

216.66 156.73 72.71 -27.29 808.82 388.72 288.72 719.49 88.76 -11.24

299.49 212.96 86.95 -13.05 1093.52 548.07 448.07 1013.31 95.26 -4.74

181.32 122.16 65.57 -34.43 641.43 250.59 150.59 606.62 80.83 -19.17

55.75 40.28 9.77 9.77 196.60 123.67 123.67 196.71 6.49 6.49

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

SPr VI 22-May-01 12 L1 S 239.06 130.52 54.60 -45.40 713.29 298.37 198.37 607.77 85.21 -14.79

AT VI 4-Apr-01 12 L1 NS 259.30 203.27 78.39 -21.61 788.37 304.04 204.04 706.19 89.58 -10.42

ASJ VI 25-Sep-01 19 L1 NS 377.73 247.88 65.62 -34.38 1231.58 326.05 226.05 937.87 76.15 -23.85

KG VI 2-Oct-01 12 L1 S 209.42 144.60 69.05 -30.95 845.39 403.68 303.68 614.31 72.67 -27.33

271.38 181.57 66.91 -33.09 894.66 333.04 233.04 716.53 80.90 -19.10

377.73 247.88 78.39 -21.61 1231.58 403.68 303.68 937.87 89.58 -10.42

209.42 130.52 54.60 -45.40 713.29 298.37 198.37 607.77 72.67 -27.33

73.80 54.29 9.83 9.83 231.04 48.59 48.59 154.25 7.84 7.84

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Min
SD

Average
Max
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Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

SPr VII 14-Aug-01 24 L1 Spleen 345.67 104.98 30.37 -69.63 566.42 163.86 63.86 452.94 79.96 -20.04

AT VII 7-Aug-01 30 L1 NS 174.08 148.52 85.32 -14.68 871.91 500.87 400.87 608.52 69.79 -30.21

ASJ VII 15-Jan-02 35 L1 NS 239.65 119.02 49.66 -50.34 1134.04 473.21 373.21 846.46 74.64 -25.36

253.13 124.17 55.12 -44.88 857.46 379.31 279.31 635.97 74.80 -25.20

345.67 148.52 85.32 -14.68 1134.04 500.87 400.87 846.46 79.96 -20.04

174.08 104.98 30.37 -69.63 566.42 163.86 63.86 452.94 69.79 -30.21

86.59 22.23 27.88 27.88 284.08 187.10 187.10 198.19 5.09 5.09

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

SD

Average
Max
Min

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % % change men % %changemen+SOD % % change

ASJ VIII 25-Jun-02 55 L1 NS 212.55 169.07 79.54 -20.46 940.39 442.43 342.43 745.05 79.23 -20.77

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr



Fac.of Grad. Studies, Mahidol Univ.                                                               M.Sc.(Biochemistry)  / 113 

 

 

 

 

 

 

 

 

 

 

Methaemoglobin in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

SP I 28-Feb-00 _ Baseline S 58.78 55.97 95.22 -4.78 77.08 131.13 31.13 75.51 97.96 -2.04

AT I 1-Mar-00 _ Baseline NS 25.53 23.69 92.79 -7.21 36.31 142.21 42.21 28.57 78.68 -21.32

ASJ I 9-Mar-00 _ Baseline NS 25.72 23.72 92.22 -7.78 44.05 171.29 71.29 14.64 33.24 -66.76

SiG I 27-Jun-00 _ Baseline NS 78.42 22.32 28.46 -71.54 156.06 199.01 99.01 136.15 87.24 -12.76

KG I 4-Jul-00 _ Baseline S 18.16 11.15 61.39 -38.61 20.11 110.75 10.75 16.98 84.46 -15.54

41.32 27.37 74.02 -25.98 66.72 150.88 50.88 54.37 76.32 -23.68

78.42 55.97 95.22 -4.78 156.06 199.01 99.01 136.15 97.96 -2.04

18.16 11.15 28.46 -71.54 20.11 110.75 10.75 14.64 33.24 -66.76

26.03 16.83 29.02 29.02 54.08 34.67 34.67 51.91 25.08 25.08

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented immugen 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

SP II 9-Aug-00 19 Immugen S 87.51 72.11 82.40 -17.60 116.22 132.81 32.81 102.07 87.82 -12.18

AT II 20-Jun-00 12 Immugen NS 27.19 15.45 56.82 -43.18 72.85 267.93 167.93 10.74 14.74 -85.26

ASJ II 20-Jun-00 14 Immugen NS 43.61 37.16 85.21 -14.79 89.14 204.40 104.40 38.91 43.65 -56.35

SiG II 27-Sep-00 12 Immugen NS 12.81 9.46 73.85 -26.15 19.84 154.92 54.92 10.33 52.07 -47.93

KG II 3-Oct-00 12 Immugen S 34.41 24.95 72.51 -27.49 49.58 144.09 44.09 38.42 77.49 -22.51

41.11 31.83 74.16 -25.84 69.53 180.83 80.83 40.09 55.15 -44.85

87.51 72.11 85.21 -14.79 116.22 267.93 167.93 102.07 87.82 -12.18

12.81 9.46 56.82 -43.18 19.84 132.81 32.81 10.33 14.74 -85.26

28.28 24.83 11.11 11.11 36.89 55.83 55.83 37.39 28.90 28.90

Average
Max
Min
SD

       Met Hb, µmolO2
-/g Hb/hr
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Methaemoglobin in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

SPr III 5-Sep-00 _ Baseline S 68.67 55.62 81.00 -19.00 96.65 140.75 40.75 84.12 87.04 -12.96

AT III 25-Jul-00 _ Baseline NS 32.59 9.34 28.66 -71.34 19.81 60.79 -39.21 5.87 29.62 -70.38

ASJ III 27-Sep-00 _ Baseline NS 11.60 0.00 0.00 -100.00 19.71 169.99 69.99 13.48 68.39 -31.61

KG III 31-Oct-00 _ Baseline S 55.24 46.58 84.32 -15.68 75.48 136.64 36.64 67.00 88.77 -11.23

42.02 27.89 48.49 -51.51 52.91 127.04 27.04 42.62 68.45 -31.55

68.67 55.62 84.32 -15.68 96.65 169.99 69.99 84.12 88.77 -11.23

11.60 0.00 0.00 -100.00 19.71 60.79 -39.21 5.87 29.62 -70.38

25.16 27.33 41.17 41.17 39.24 46.60 46.60 38.80 27.48 27.48

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented immugen+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

AT IV 29-Nov-00 12 Immugen+L1 NS 28.16 23.79 84.50 -15.50 32.52 115.48 15.48 31.81 97.83 -2.17

SPr IV 30-Jan-01 12 Immugen+L1 S 39.32 35.61 90.56 -9.44 78.69 200.13 100.13 65.82 83.65 -16.35

ASJ IV 27-Feb-01 13 Immugen+L1 NS 5.46 0.17 3.06 -96.94 10.67 195.49 95.49 4.13 38.71 -61.29

KG IV 29-May-01 12 Immugen+L1 S 69.19 47.67 68.90 -31.10 78.93 114.07 14.07 78.60 99.59 -0.41

35.53 26.81 61.76 -38.24 50.20 156.29 56.29 45.09 79.95 -20.05

69.19 47.67 90.56 -9.44 78.93 200.13 100.13 78.60 99.59 -0.41

5.46 0.17 3.06 -96.94 10.67 114.07 14.07 4.13 38.71 -61.29

26.50 20.26 40.18 40.18 34.21 47.98 47.98 33.70 28.40 28.40

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD
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emia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

AT V 9-Jan-01 _ Baseline NS 14.39 5.70 39.59 -60.41 36.68 255.01 155.01 24.02 65.47 -34.53

ASJ V 27-Mar-01 _ Baseline NS 19.92 12.12 60.83 -39.17 31.59 158.56 58.56 29.62 93.76 -6.24

SPr V 27-Feb-01 _ Baseline S 46.15 39.50 85.61 -14.39 81.35 176.28 76.28 56.77 69.79 -30.21

KG V 26-Jun-01 _ Baseline S 91.84 84.49 91.99 -8.01 133.44 145.30 45.30 122.56 91.85 -8.15

43.07 35.45 69.51 -30.49 70.77 183.79 83.79 58.24 80.22 -19.78

91.84 84.49 91.99 -8.01 133.44 255.01 155.01 122.56 93.76 -6.24

14.39 5.70 39.59 -60.41 31.59 145.30 45.30 24.02 65.47 -34.53

35.34 35.83 24.05 24.05 47.39 49.15 49.15 45.20 14.66 14.66

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

SPr VI 22-May-01 12 L1 S 43.78 42.47 97.01 -2.99 50.24 114.76 14.76 46.06 91.68 -8.32

AT VI 4-Apr-01 12 L1 NS 32.41 25.02 77.19 -22.81 39.41 121.61 21.61 30.71 77.91 -22.09

ASJ VI 25-Sep-01 19 L1 NS 35.54 28.24 79.46 -20.54 40.62 114.29 14.29 36.35 89.49 -10.51

KG VI 2-Oct-01 12 L1 S 34.96 31.89 91.22 -8.78 52.97 151.53 51.53 44.31 83.64 -16.36

36.67 31.90 86.22 -13.78 45.81 125.55 25.55 39.36 85.68 -14.32

43.78 42.47 97.01 -2.99 52.97 151.53 51.53 46.06 91.68 -8.32

32.41 25.02 77.19 -22.81 39.41 114.29 14.29 30.71 77.91 -22.09

4.93 7.58 9.46 9.46 6.80 17.64 17.64 7.15 6.19 6.19

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD
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Methaemoglobin in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

SPr VII 14-Aug-01 24 L1 Spleen 51.04 48.29 94.63 -5.37 107.59 210.80 110.80 98.60 91.65 -8.35

AT VII 7-Aug-01 30 L1 NS 28.20 27.34 96.93 -3.07 39.05 138.44 38.44 38.44 98.44 -1.56

ASJ VII 15-Jan-02 35 L1 NS 41.02 32.80 79.96 -20.04 50.89 124.06 24.06 41.65 81.84 -18.16

40.09 36.14 90.50 -9.50 65.84 157.77 57.77 59.56 90.64 -9.36

51.04 48.29 96.93 -3.07 107.59 210.80 110.80 98.60 98.44 -1.56

28.20 27.34 79.96 -20.04 39.05 124.06 24.06 38.44 81.84 -18.16

11.44 10.87 9.20 9.20 36.63 46.49 46.49 33.85 8.34 8.34

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented deferiprone 48 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change men % %changemen+SOD % %change

ASJ VIII 25-Jun-02 55 L1 NS 71.86 61.70 85.86 -14.14 74.04 103.03 3.03 68.52 92.54 -7.46

       Met Hb, µmolO2
-/g Hb/hr
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Glutathione S transferase in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

SP I 28-Feb-00 _ Baseline S 573.05 407.18 71.05 -28.95 345.13 60.23 -39.77

AT I 1-Mar-00 _ Baseline NS 528.03 497.01 94.13 -5.87 412.25 78.07 -21.93

ASJ I 9-Mar-00 _ Baseline NS 599.41 581.16 96.96 -3.04 571.63 95.37 -4.63

SiG I 27-Jun-00 _ Baseline NS 391.16 289.36 73.97 -26.03 256.92 65.68 -34.32

KG I 4-Jul-00 _ Baseline S 484.84 437.80 90.30 -9.70 420.97 86.83 -13.17

515.30 442.50 85.28 -14.72 401.38 77.23 -22.77

599.41 581.16 96.96 -3.04 571.63 95.37 -4.63

391.16 289.36 71.05 -28.95 256.92 60.23 -39.77

82.02 108.30 11.94 11.94 115.67 14.53 14.53

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after treatmented immugen 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

SP II 9-Aug-00 19 Immugen S 560.28 516.07 92.11 -7.89 497.01 88.71 -11.29

AT II 20-Jun-00 12 Immugen NS 422.39 397.65 94.14 -5.86 394.81 93.47 -6.53

ASJ II 20-Jun-00 14 Immugen NS 444.49 391.16 88.00 -12.00 366.01 82.34 -17.66

SiG II 27-Sep-00 12 Immugen NS 519.72 416.91 80.22 -19.78 394.61 75.93 -24.07

KG II 3-Oct-00 12 Immugen S 377.37 333.77 88.45 -11.55 269.90 71.52 -28.48

464.85 411.11 88.58 -11.42 384.47 82.39 -17.61

560.28 516.07 94.14 -5.86 497.01 93.47 -6.53

377.37 333.77 80.22 -19.78 269.90 71.52 -28.48

74.14 66.35 5.33 5.33 81.15 8.98 8.98

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

Sukanya III 5-Sep-00 _ Baseline S 381.22 331.74 87.02 -12.98 325.66 85.43 -14.57

Anol III 25-Jul-00 _ Baseline NS 474.91 519.92 109.48 9.48 426.85 89.88 -10.12

Anuchit III 27-Sep-00 _ Baseline NS 625.77 555.41 88.76 -11.24 521.14 83.28 -16.72

Kanokwan II 31-Oct-00 _ Baseline S 425.63 405.96 95.38 -4.62 329.72 77.47 -22.53

476.88 453.26 95.16 -4.84 400.84 84.01 -15.99

625.77 555.41 109.48 9.48 521.14 89.88 -10.12

381.22 331.74 87.02 -12.98 325.66 77.47 -22.53

106.38 103.09 10.20 10.20 92.84 5.16 5.16

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE  after treatmented immugen+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

AT IV 29-Nov-00 12 Immugen+L1 NS 573.25 502.89 87.73 -12.27 405.15 70.68 -29.32

SPr IV 30-Jan-01 12 Immugen+L1 S 436.79 376.15 86.12 -13.88 289.36 66.25 -33.75

ASJ IV 27-Feb-01 13 Immugen+L1 NS 563.93 540.81 95.90 -4.10 509.78 90.40 -9.60

KG IV 29-May-01 12 Immugen+L1 S 395.42 354.66 89.69 -10.31 313.49 79.28 -20.72

492.35 443.63 89.86 -10.14 379.45 76.65 -23.35

573.25 540.81 95.90 -4.10 509.78 90.40 -9.60

395.42 354.66 86.12 -13.88 289.36 66.25 -33.75

89.72 92.06 4.28 4.28 100.19 10.64 10.64

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

AT V 9-Jan-01 _ Baseline NS 506.34 468.82 92.59 -7.41 378.99 74.85 -25.15

ASJ V 27-Mar-01 _ Baseline NS 476.12 406.37 85.35 -14.65 404.34 84.92 -15.08

SPr V 27-Feb-01 _ Baseline S 546.89 460.51 84.20 -15.80 119.44 21.84 -78.16

KG V 26-Jun-01 _ Baseline S 547.91 498.63 91.01 -8.99 447.13 81.61 -18.39

519.31 458.58 88.29 -11.71 337.47 65.80 -34.20

547.91 498.63 92.59 -7.41 447.13 84.92 -15.08

476.12 406.37 84.20 -15.80 119.44 21.84 -78.16

34.70 38.47 4.13 4.13 148.05 29.61 29.61

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

SPr VI 22-May-01 12 L1 S 385.29 346.34 84.20 -15.80 274.16 21.84 -78.16

AT VI 4-Apr-01 12 L1 NS 124.10 116.19 93.63 -6.37 56.17 45.26 -54.74

ASJ VI 25-Sep-01 19 L1 NS 333.77 280.64 84.08 -15.92 216.16 64.76 -35.24

KG VI 2-Oct-01 12 L1 S 436.38 284.70 65.24 -34.76 270.10 61.90 -38.10

319.89 256.97 81.79 -18.21 204.15 48.44 -51.56

436.38 346.34 93.63 -6.37 274.16 64.76 -35.24

124.10 116.19 65.24 -34.76 56.17 21.84 -78.16

137.08 98.55 11.90 11.90 102.13 19.71 19.71

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD



Napaporn  Limpitisathaporn                                                                                               Appendix  / 120 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

SPr VII 14-Aug-01 24 L1 Spleen 319.79 314.72 98.41 -1.59 183.42 57.36 -42.64

AT VII 7-Aug-01 30 L1 NS 339.44 328.20 96.69 -3.31 317.44 93.52 -6.48

ASJ VII 15-Jan-02 35 L1 NS 444.89 411.44 92.48 -7.52 342.09 76.89 -23.11

368.04 351.45 95.86 -4.14 280.99 75.92 -24.08

444.89 411.44 98.41 -1.59 342.09 93.52 -6.48

319.79 314.72 92.48 -7.52 183.42 57.36 -42.64

67.27 52.39 3.05 3.05 85.39 18.10 18.10

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp men 0.1mM % %changemen 5mM % %change

ASJ VIII 25-Jun-02 55 L1 NS 386.49 337.63 87.36 -12.64 316.54 81.90 -18.10

  GST,nmolCDNB/ml er pellet/min
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Erythrocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

PN I 7-Mar-00 _ Baseline S 64.92 41.45 63.85 -36.15 1169.31 1801.16 1701.16 1063.46 90.95 -9.05

ND I 9-Mar-00 _ Baseline S 219.50 90.44 41.20 -58.80 1262.37 575.11 475.11 1188.46 94.15 -5.85

MR I 27-Jun-00 _ Baseline NS 264.18 229.94 87.04 -12.96 823.29 311.64 211.64 391.26 47.52 -52.48

NS I 4-Jul-00 _ Baseline S 130.34 90.12 69.14 -30.86 1311.27 1006.04 906.04 315.23 24.04 -75.96

KC I 5-Jul-00 _ Baseline S 157.19 66.50 42.31 -57.69 1051.57 668.98 568.98 841.59 80.03 -19.97

167.23 103.69 60.71 -39.29 1123.56 872.58 772.58 760.00 67.34 -32.66

264.18 229.94 87.04 -12.96 1311.27 1801.16 1701.16 1188.46 94.15 -5.85

64.92 41.45 41.20 -58.80 823.29 311.64 211.64 315.23 24.04 -75.96

77.56 73.41 19.32 19.32 194.90 575.47 575.47 392.46 30.43 30.43

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented bionormalizer 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

PN II 27-Jun-00 12 BN S 292.60 237.81 81.27 -18.73 1166.04 398.51 298.51 234.63 20.12 -79.88

ND II 8-Aug-00 12 BN S 128.28 125.34 97.71 -2.29 1020.73 795.70 695.70 968.47 94.88 -5.12

MR II 26-Sep-00 12 BN NS 118.82 51.76 43.56 -56.44 778.14 654.89 554.89 322.84 41.49 -58.51

NS II 3-Oct-00 12 BN S 105.50 99.56 94.37 -5.63 1084.25 1027.73 927.73 965.95 89.09 -10.91

KC II 9-Jan-01 12 BN S 203.77 187.11 91.82 -8.18 756.81 371.40 271.40 652.12 86.17 -13.83

169.79 140.32 81.75 -18.25 961.19 649.65 549.65 628.80 66.35 -33.65

292.60 237.81 97.71 -2.29 1166.04 1027.73 927.73 968.47 94.88 -5.12

105.50 51.76 43.56 -56.44 756.81 371.40 271.40 234.63 20.12 -79.88

78.57 73.18 22.21 22.21 184.34 276.04 276.04 345.89 33.46 33.46

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

PN III 25-Jul-00 _ Baseline S 110.58 54.84 49.59 -50.41 1159.65 1048.70 948.70 983.83 84.84 -15.16

ND III 12-Sep-00 _ Baseline S 131.78 90.52 68.69 -31.31 962.86 730.66 630.66 923.65 95.93 -4.07

NS III 31-Oct-00 _ Baseline S 114.48 92.64 80.92 -19.08 734.73 641.80 541.80 691.12 94.06 -5.94

KC III 10-Apr-01 _ Baseline S 191.16 153.64 80.37 -19.63 721.80 377.60 277.60 522.94 72.45 -27.55

137.00 97.91 69.89 -30.11 894.76 699.69 599.69 780.38 86.82 -13.18

191.16 153.64 80.92 -19.08 1159.65 1048.70 948.70 983.83 95.93 -4.07

110.58 54.84 49.59 -50.41 721.80 377.60 277.60 522.94 72.45 -27.55

37.26 41.00 14.66 14.66 208.43 276.80 276.80 213.04 10.74 10.74

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented immugen+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

ND IV 30-Jan-01 12 BN+L1 S 213.31 144.21 67.61 -32.39 770.74 361.33 261.33 743.20 96.43 -3.57

NS IV 1-May-01 13 BN+L1 S 204.07 152.07 74.52 -25.48 875.62 429.07 329.07 802.23 91.62 -8.38

KC IV 14-Aug-01 14 Bn+L1 S 157.79 118.41 75.04 -24.96 589.20 373.42 273.42 427.14 72.50 -27.50

191.72 138.23 72.39 -27.61 745.19 387.94 287.94 657.52 86.85 -13.15

213.31 152.07 75.04 -24.96 875.62 429.07 329.07 802.23 96.43 -3.57

157.79 118.41 67.61 -32.39 589.20 361.33 261.33 427.14 72.50 -27.50

29.75 17.61 4.15 4.15 144.91 36.13 36.13 201.69 12.66 12.66

Average
Max
Min
SDS

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr
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Erythrocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

ND V 27-Feb-01 _ Baseline S 205.92 141.28 68.61 -31.39 968.40 470.28 370.28 819.56 84.63 -15.37

NS V 29-May-01 _ Baseline S 228.88 179.67 78.50 -21.50 877.19 383.25 283.25 749.71 85.47 -14.53

KC V 18-Sep-01 _ Baseline S 174.77 34.72 19.87 -80.13 901.70 515.94 415.94 584.98 64.87 -35.13

203.19 118.56 55.66 -44.34 915.77 456.49 356.49 718.08 78.32 -21.68

228.88 179.67 78.50 -21.50 968.40 515.94 415.94 819.56 85.47 -14.53

174.77 34.72 19.87 -80.13 877.19 383.25 283.25 584.98 64.87 -35.13

27.16 75.10 31.39 31.39 47.21 67.41 67.41 120.45 11.65 11.65

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

ND VI 5-Jun-01 13 L1 Spleen 131.12 86.41 65.90 -34.10 1397.02 1065.49 965.49 902.39 64.59 -35.41

NS VI 18-Sep-01 14 L1 Spleen 272.36 235.56 86.49 -13.51 734.53 269.69 169.69 527.54 71.82 -28.18

KC VI 5-Feb-02 18 L1 Spleen 196.43 160.77 81.85 -18.15 987.60 502.77 402.77 770.30 78.00 -22.00

199.97 160.91 78.08 -21.92 1039.72 612.65 512.65 733.41 71.47 -28.53

272.36 235.56 86.49 -13.51 1397.02 1065.49 965.49 902.39 78.00 -22.00

131.12 86.41 65.90 -34.10 734.53 269.69 169.69 527.54 64.59 -35.41

70.69 74.57 10.80 10.80 334.30 409.12 409.12 190.13 6.71 6.71

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

ND VII 30-Oct-01 25 L1 Spleen 280.42 160.14 57.11 -42.89 922.65 329.02 229.02 642.29 69.61 -30.39

NS VII 15-Jan-02 29 L1 Spleen 267.32 113.12 42.32 -57.68 1002.96 375.19 275.19 750.00 74.78 -25.22

KC VII 11-Jun-02 30 L1 Spleen 284.85 223.12 78.33 -21.67 1618.64 568.24 468.24 1294.11 79.95 -20.05

277.53 165.46 59.25 -40.75 1181.42 424.15 324.15 895.47 74.78 -25.22

284.85 223.12 78.33 -21.67 1618.64 568.24 468.24 1294.11 79.95 -20.05

267.32 113.12 42.32 -57.68 922.65 329.02 229.02 642.29 69.61 -30.39

9.12 55.19 18.10 18.10 380.77 126.90 126.90 349.41 5.17 5.17

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % % change men % %change men+SOD % %change

ND VIII 19-Feb-02 39 L1 Spleen 306.69 216.60 70.63 -29.37 2015.32 657.12 557.12 841.48 41.75 -58.25

KC VIII 17-Dec-02 53 L1 Spleen 279.61 173.02 61.88 -38.12 1020.38 364.93 264.93 720.47 70.61 -29.39

293.15 194.81 66.25 -33.75 1517.85 511.02 411.02 780.98 56.18 -43.82

306.69 216.60 70.63 -29.37 2015.32 657.12 557.12 841.48 70.61 -29.39

279.61 173.02 61.88 -38.12 1020.38 364.93 264.93 720.47 41.75 -58.25

19.15 30.82 6.18 6.18 703.53 206.61 206.61 85.57 20.40 20.40

        O2
- in Erythrocytes,µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Methaemoglobin in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

PN I 7-Mar-00 _ Baseline S 90.29 78.05 86.44 -13.56 102.86 113.92 13.92 102.28 99.44 -0.56

ND I 9-Mar-00 _ Baseline S 37.92 10.11 26.66 -73.34 20.40 53.80 -46.20 17.79 87.21 -12.79

MR I 27-Jun-00 _ Baseline NS 93.83 34.73 37.01 -62.99 131.03 139.65 39.65 53.23 40.62 -59.38

NS I 4-Jul-00 _ Baseline S 55.22 45.60 82.58 -17.42 56.05 101.50 1.50 50.91 90.83 -9.17

KC I 5-Jul-00 _ Baseline S 13.08 12.55 95.95 -4.05 32.21 246.25 146.25 28.57 88.70 -11.30

58.07 36.21 65.73 -34.27 68.51 131.02 31.02 50.56 81.36 -18.64

93.83 78.05 95.95 -4.05 131.03 246.25 146.25 102.28 99.44 -0.56

13.08 10.11 26.66 -73.34 20.40 53.80 -46.20 17.79 40.62 -59.38

34.48 27.76 31.53 31.53 47.11 71.55 71.55 32.56 23.26 23.26

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented bionormalizer 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

PN II 27-Jun-00 12 BN S 185.80 114.08 61.40 -38.60 165.48 89.06 -10.94 99.59 60.18 -39.82

ND II 8-Aug-00 12 BN S 70.84 67.70 95.57 -4.43 97.09 137.06 37.06 88.72 91.38 -8.62

MR II 26-Sep-00 12 BN NS _ _ _ _ _ _ _ _ _ _

NS II 3-Oct-00 12 BN S 39.46 36.31 92.02 -7.98 61.84 156.72 56.72 53.82 87.03 -12.97

KC II 9-Jan-01 12 BN S 43.15 33.91 78.59 -21.41 60.93 141.22 41.22 52.34 85.91 -14.09

84.81 63.00 81.89 -18.11 96.34 131.01 31.01 73.62 81.13 -18.87

185.80 114.08 95.57 -4.43 165.48 156.72 56.72 99.59 91.38 -8.62

39.46 33.91 61.40 -38.60 60.93 89.06 -10.94 52.34 60.18 -39.82

68.77 37.37 15.50 15.50 49.07 29.22 29.22 24.13 14.16 14.16

       Met Hb, mmolO2
-/g Hb/hr

Average
Max
Min
SD
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Methaemoglobin in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

PN III 25-Jul-00 _ Baseline S 54.59 50.00 91.59 -8.41 108.21 198.22 98.22 63.62 58.79 -41.21

ND III 12-Sep-00 _ Baseline S 126.74 125.98 99.40 -0.60 161.56 127.47 27.47 128.97 79.83 -20.17

NS III 31-Oct-00 _ Baseline S 43.32 40.85 94.30 -5.70 64.39 148.64 48.64 56.17 87.23 -12.77

KC III 10-Apr-01 _ Baseline S 54.10 51.93 95.98 -4.02 71.56 132.26 32.26 56.48 78.93 -21.07

69.69 67.19 95.32 -4.68 101.43 151.65 51.65 76.31 76.20 -23.80

126.74 125.98 99.40 -0.60 161.56 198.22 98.22 128.97 87.23 -12.77

43.32 40.85 91.59 -8.41 64.39 127.47 27.47 56.17 58.79 -41.21

38.39 39.49 3.27 3.27 44.44 32.35 32.35 35.28 12.18 12.18

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented BN+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

ND IV 30-Jan-01 12 BN+L1 S 44.30 40.00 90.29 -9.71 84.42 190.57 90.57 72.14 85.46 -14.54

NS IV 1-May-01 13 BN+L1 S 63.69 59.33 93.16 -6.84 77.20 121.22 21.22 72.23 93.57 -6.43

KC IV 14-Aug-01 14 Bn+L1 S 56.89 54.71 96.17 -3.83 67.09 117.92 17.92 54.52 81.26 -18.74

54.96 51.35 93.21 -6.79 76.23 143.24 43.24 66.30 86.76 -13.24

63.69 59.33 96.17 -3.83 84.42 190.57 90.57 72.23 93.57 -6.43

44.30 40.00 90.29 -9.71 67.09 117.92 17.92 54.52 81.26 -18.74

9.84 10.10 2.94 2.94 8.71 41.03 41.03 10.20 6.25 6.25

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD
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Methaemoglobin in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

ND V 27-Feb-01 _ Baseline S 40.41 23.49 58.14 -41.86 70.78 175.15 75.15 52.10 73.62 -26.38

NS V 29-May-01 _ Baseline S 58.02 39.11 67.41 -32.59 85.33 147.08 47.08 81.18 95.14 -4.86

KC V 18-Sep-01 _ Baseline S 21.21 5.10 24.07 -75.93 33.74 159.09 59.09 29.54 87.55 -12.45

39.88 22.57 49.87 -50.13 63.28 160.44 60.44 54.28 85.44 -14.56

58.02 39.11 67.41 -32.59 85.33 175.15 75.15 81.18 95.14 -4.86

21.21 5.10 24.07 -75.93 33.74 147.08 47.08 29.54 73.62 -26.38

18.41 17.02 22.82 22.82 26.60 14.08 14.08 25.89 10.92 10.92

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

ND VI 5-Jun-01 13 L1 Spleen 102.70 75.62 73.63 -26.37 115.14 112.12 12.12 102.95 89.41 -10.59

NS VI 18-Sep-01 14 L1 Spleen 44.58 10.02 22.47 -77.53 45.39 101.82 1.82 43.68 96.23 -3.77

KC V I 5-Feb-02 18 L1 Spleen 24.70 23.73 96.07 -3.93 30.82 124.78 24.78 27.40 88.90 -11.10

57.33 36.46 64.06 -35.94 63.78 112.91 12.91 58.01 91.51 -8.49

102.70 75.62 96.07 -3.93 115.14 124.78 24.78 102.95 96.23 -3.77

24.70 10.02 22.47 -77.53 30.82 101.82 1.82 27.40 88.90 -11.10

40.53 34.60 37.72 37.72 45.07 11.50 11.50 39.76 4.09 4.09

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD
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Methaemoglobin in thalassemia patients/HbE after treatment deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

ND  VII 30-Oct-01 25 L1 Spleen 10.45 8.30 79.43 -20.57 20.84 199.43 99.43 11.21 53.79 -46.21

NS  VII 15-Jan-02 29 L1 Spleen 30.56 27.38 89.59 -10.41 39.04 127.75 27.75 32.43 83.07 -16.93

KC VII 11-Jun-02 30 L1 Spleen 52.68 36.74 69.74 -30.26 63.28 120.12 20.12 59.56 94.12 -5.88

31.23 24.14 79.59 -20.41 41.05 149.10 49.10 34.40 76.99 -23.01

52.68 36.74 89.59 -10.41 63.28 199.43 99.43 59.56 94.12 -5.88

10.45 8.30 69.74 -30.26 20.84 120.12 20.12 11.21 53.79 -46.21

21.12 14.49 9.93 9.93 21.29 43.75 43.75 24.24 20.84 20.84

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD

Methaemoglobin in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD % %change men % %change men+SOD % %change

ND VIII 19-Feb-02 39 L1 Spleen 3.73 0.00 0.00 -100.00 8.56 229.49 129.49 5.10 59.58 -40.42

KC VIII 17-Dec-02 53 L1 Spleen 26.39 20.78 78.74 -21.26 39.14 148.31 48.31 29.15 74.48 -25.52

15.06 10.39 39.37 -60.63 23.85 188.90 88.90 17.13 67.03 -32.97

26.39 20.78 78.74 -21.26 39.14 229.49 129.49 29.15 74.48 -25.52

3.73 0.00 0.00 -100.00 8.56 148.31 48.31 5.10 59.58 -40.42

16.02 14.69 55.68 55.68 21.62 57.40 57.40 17.01 10.53 10.53

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

PN I 7-Mar-00 _ Baseline S 480.58 428.47 89.16 -10.84 410.63 85.44 -14.56

ND I 9-Mar-00 _ Baseline S 493.56 419.55 85.00 -15.00 361.55 73.25 -26.75

MR I 27-Jun-00 _ Baseline NS 269.69 252.86 93.76 -6.24 185.14 68.65 -31.35

NS I 4-Jul-00 _ Baseline S 472.07 334.58 70.88 -29.12 469.63 99.48 -0.52

KC I 5-Jul-00 _ Baseline S 495.99 390.96 78.82 -21.18 368.04 74.20 -25.80

442.38 365.28 83.52 -16.48 359.00 80.21 -19.79

495.99 428.47 93.76 -6.24 469.63 99.48 -0.52

269.69 252.86 70.88 -29.12 185.14 68.65 -31.35

97.03 72.76 8.96 8.96 106.33 12.42 12.42

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after treatmented  bionormalizer 12 weeks
Thalassemia Date Week Drug Spleen

Group Bionormalizer sp men 0.1mM % %change men 5mM % %change

PN II 27-Jun-00 12 BN S 445.91 434.76 97.50 -2.50 414.07 92.86 -7.14

ND II 8-Aug-00 12 BN S 639.36 520.33 81.38 -18.62 387.71 60.64 -39.36

MR II 26-Sep-00 12 BN NS 410.02 358.51 87.44 -12.56 288.35 70.33 -29.67

NS II 3-Oct-00 12 BN S 372.71 332.56 89.23 -10.77 311.06 83.46 -16.54

KC II 9-Jan-01 12 BN S 445.30 424.82 95.40 -4.60 370.07 83.11 -16.89

462.66 414.19 90.19 -9.81 354.25 78.08 -21.92

639.36 520.33 97.50 -2.50 414.07 92.86 -7.14

372.71 332.56 81.38 -18.62 288.35 60.64 -39.36

103.28 73.43 6.45 6.45 52.81 12.62 12.62

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

PN III 25-Jul-00 _ Baseline S 691.68 525.19 75.93 -24.07 420.36 60.77 -39.23

ND III 12-Sep-00 _ Baseline S 438.41 346.75 79.09 -20.91 244.96 55.87 -44.13

NS III 31-Oct-00 _ Baseline S 457.67 430.29 94.02 -5.98 353.24 77.18 -22.82

KC III 10-Apr-01 _ Baseline S 378.18 280.44 74.16 -25.84 244.35 64.61 -35.39

491.48 395.67 80.80 -19.20 315.72 64.61 -35.39

691.68 525.19 94.02 -5.98 420.36 77.18 -22.82

378.18 280.44 74.16 -25.84 244.35 55.87 -44.13

137.69 105.90 9.05 9.05 86.52 9.11 9.11

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE  after treatmented  BN+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND IV 30-Jan-01 12 BN+L1 S 400.28 378.79 94.63 -5.37 276.99 69.20 -30.80

NS IV 1-May-01 13 BN+L1 S 102.20 98.14 96.03 -3.97 56.78 55.56 -44.44

KC IV 14-Aug-01 14 Bn+L1 S 262.36 209.60 79.89 -20.11 160.52 61.18 -38.82

254.95 228.84 90.18 -9.82 164.76 61.98 -38.02

400.28 378.79 96.03 -3.97 276.99 69.20 -30.80

102.20 98.14 79.89 -20.11 56.78 55.56 -44.44

149.18 141.31 8.94 8.94 110.17 6.86 6.86

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND VI 5-Jun-01 13 L1 Spleen 414.88 332.15 80.06 -19.94 326.07 78.59 -21.41

NS VI 18-Sep-01 14 L1 Spleen 584.41 516.68 88.41 -11.59 428.67 73.35 -26.65

KC VI 5-Feb-02 18 L1 Spleen 411.64 331.14 93.02 -6.98 303.36 81.17 -18.83

470.31 393.32 87.16 -12.84 352.70 77.70 -22.30

584.41 516.68 93.02 -6.98 428.67 81.17 -18.83

411.64 331.14 80.06 -19.94 303.36 73.35 -26.65

98.82 106.83 6.57 6.57 66.77 3.98 3.98

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND V 27-Feb-01 _ Baseline S 434.96 356.08 81.86 -18.14 339.45 78.04 -21.96

NS V 29-May-01 _ Baseline S 447.13 339.65 75.96 -24.04 254.49 56.92 -43.08

KC V 18-Sep-01 _ Baseline S 424.21 394.61 93.02 -6.98 344.32 81.17 -18.83

435.43 363.45 83.62 -16.38 312.75 72.04 -27.96

447.13 394.61 93.02 -6.98 344.32 81.17 -18.83

424.21 339.65 75.96 -24.04 254.49 56.92 -43.08

11.46 28.21 8.66 8.66 50.52 13.19 13.19

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND VI 5-Jun-01 13 L1 Spleen 414.88 332.15 80.06 -19.94 326.07 78.59 -21.41

NS VI 18-Sep-01 14 L1 Spleen 584.41 516.68 88.41 -11.59 428.67 73.35 -26.65

KC VI 5-Feb-02 18 L1 Spleen 411.64 331.14 93.02 -6.98 303.36 81.17 -18.83

470.31 393.32 87.16 -12.84 352.70 77.70 -22.30

584.41 516.68 93.02 -6.98 428.67 81.17 -18.83

411.64 331.14 80.06 -19.94 303.36 73.35 -26.65

98.82 106.83 6.57 6.57 66.77 3.98 3.98

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND VII 30-Oct-01 25 L1 Spleen 246.17 190.61 77.43 -22.57 88.01 35.75 -64.25

NS VII 15-Jan-02 29 L1 Spleen 354.66 312.08 88.41 -11.59 279.83 73.35 -26.65

KC VII 11-Jun-02 30 L1 Spleen 458.89 408.80 89.08 -10.92 345.13 75.21 -24.79

353.24 303.83 84.98 -15.02 237.66 61.44 -38.56

458.89 408.80 89.08 -10.92 345.13 75.21 -24.79

246.17 190.61 77.43 -22.57 88.01 35.75 -64.25

106.37 109.33 6.54 6.54 133.65 22.26 22.26

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD

Glutathione S transferase in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group BN sp men 0.1mM % %change men 5mM % %change

ND VIII 19-Feb-02 39 L1 Spleen 329.11 302.95 92.05 -7.95 275.78 83.80 -16.20

KC VIII 17-Dec-02 53 L1 Spleen 390.75 350.60 89.72 -10.28 309.84 79.29 -20.71

359.93 326.78 90.89 -9.11 292.81 81.54 -18.46

390.75 350.60 92.05 -7.95 309.84 83.80 -16.20

329.11 302.95 89.72 -10.28 275.78 79.29 -20.71

43.59 33.69 1.65 1.65 24.08 3.18 3.18

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

BC I 1-Mar-00 _ Baseline NS 252.75 84.99 33.63 -66.37 533.17 210.95 110.95 488.77 91.67 -8.33

JG I 4-Jul-00 _ Baseline NS 133.24 11.77 8.83 -91.17 1041.70 781.82 681.82 838.69 80.51 -19.49

YC I 11-Jul-oo _ Baseline S 216.89 188.87 87.08 -12.92 963.22 444.11 344.11 739.63 76.79 -23.21

TS I 11-Jul-00 _ Baseline NS 209.72 179.59 85.63 -14.37 1158.78 552.54 452.54 728.19 62.84 -37.16

SP 25-Oct-00 _ Baseline NS 198.50 166.22 83.74 -16.26 971.44 489.39 389.39 836.01 86.06 -13.94

JC I 11-Jul-00 _ Baseline S 198.13 123.81 62.49 -37.51 1013.27 511.42 411.42 853.57 84.24 -15.76

ST I 19-Jul-00 _ Baseline NS 167.64 111.48 66.50 -33.50 1155.26 689.13 589.13 981.96 85.00 -15.00

SS I 19-Jul-00 _ Baseline S 148.76 136.83 91.98 -8.02 1203.68 809.14 709.14 979.34 81.36 -18.64

TM I 19-Jul-oo _ Baseline S 244.27 132.78 54.36 -45.64 1235.62 505.84 405.84 1092.17 88.39 -11.61

TL I 19-Jul-00 _ Baseline S 186.60 139.72 74.88 -25.12 1043.46 559.20 459.20 887.33 85.04 -14.96

SQ I 25-Jul-00 _ Baseline S 116.58 91.98 78.90 -21.10 1359.27 1165.95 1065.95 982.20 72.26 -27.74

OP I 5-Sep-00 _ Baseline NS 173.36 66.31 38.25 -61.75 1048.39 604.75 504.75 900.55 85.90 -14.10

CC I 18-0ct-00 _ Baseline NS 123.62 98.54 79.71 -20.29 702.23 568.06 468.06 541.61 77.13 -22.87

SR I 18-0ct-00 _ Baseline NS 132.20 117.67 89.01 -10.99 909.95 688.31 588.31 768.98 84.51 -15.49

VP I 18-0ct-00 _ Baseline NS 125.55 122.33 97.44 -2.56 749.39 596.89 496.89 646.61 86.28 -13.72

KP I 25-Oct-00 _ Baseline NS 157.30 124.34 79.05 -20.95 909.75 578.35 478.35 763.96 83.97 -16.03

PW I 25-Oct-00 _ Baseline NS 142.76 127.59 89.37 -10.63 958.76 671.59 571.59 699.98 73.01 -26.99

KK I 29-Nov-00 _ Baseline NS 230.38 224.15 97.30 -2.70 747.31 324.39 224.39 617.80 82.67 -17.33

PM I 6-Feb-00 _ Baseline NS 250.90 205.77 82.01 -17.99 966.59 385.25 285.25 846.15 87.54 -12.46

CM I 6-Feb-00 _ Baseline NS 173.01 137.65 79.56 -20.44 760.93 439.83 339.83 683.39 89.81 -10.19

YW I 6-Feb-00 _ Baseline NS 189.19 158.32 83.68 -16.32 747.02 394.85 294.85 621.57 83.21 -16.79

SS I 10-Apr-01 _ Baseline NS 140.28 135.01 96.24 -3.76 771.41 549.90 449.90 598.35 77.57 -22.43

W I 18-Apr-01 _ Baseline NS 171.09 120.48 70.42 -29.58 837.47 489.48 389.48 654.97 78.21 -21.79

STo I 18-Sep-01 _ Baseline S 288.45 200.27 69.43 -30.57 705.42 244.56 144.56 697.95 98.94 -1.06

AP I 16-Oct-01 _ Baseline NS 179.38 161.04 89.78 -10.22 832.23 463.95 363.95 670.96 80.62 -19.38

182.02 134.70 74.77 -25.23 933.03 548.79 448.79 764.83 82.54 -17.46

288.45 224.15 97.44 -2.56 1359.27 1165.95 1065.95 1092.17 98.94 -1.06

116.58 11.77 8.83 -91.17 533.17 210.95 110.95 488.77 62.84 -37.16

46.15 46.30 21.45 21.45 197.76 194.92 194.92 151.94 7.14 7.14

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented L1 12 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

JG II 20-Nov-00 12 L1 NS 227.61 204.80 89.98 -10.02 603.97 265.36 165.36 572.94 94.86 -5.14

YC II 23-Jan-01 16 L1 S 56.11 54.68 97.45 -2.55 871.59 1553.29 1453.29 672.23 77.13 -22.87

TS II 29-Nov-00 12 L1 NS 270.49 241.79 89.39 -10.61 699.65 258.66 158.66 476.02 68.04 -31.96

JC II 23-Jan-01 16 L1 S 93.44 87.26 93.38 -6.62 669.35 716.33 616.33 652.78 97.52 -2.48

TL II 30-Jan-01 16 L1 S 183.90 139.31 75.75 -24.25 851.79 463.17 363.17 676.81 79.46 -20.54

SP II 18-Apr-01 12 L1 NS 335.20 _ _ _ 1163.25 347.03 247.03 948.96 81.58 -18.42

TM II 27-Mar-01 12 L1 S 236.74 102.17 43.16 -56.84 802.95 339.17 239.17 729.82 90.89 -9.11

VP II 4-Apr-01 12 L1 NS 479.43 369.95 77.17 -22.83 1039.06 216.73 116.73 1363.55 131.23 31.23

CM II 28-Aug-01 18 L1 NS 191.03 156.13 81.73 -18.27 1034.26 541.41 441.41 855.81 82.75 -17.25

W II 7-Aug-01 12 L1 NS 170.33 142.26 83.52 -16.48 875.92 514.23 414.23 556.62 63.55 -36.45

STo II 22-Jan-02 14 L1 S 220.64 154.78 70.15 -29.85 1136.61 515.14 415.14 940.05 82.71 -17.29

AP II 12-Feb-02 14 L1 NS 239.80 204.06 85.10 -14.90 1242.62 518.19 418.19 908.97 73.15 -26.85

225.39 168.84 80.62 -19.38 915.92 520.73 420.73 779.55 85.24 -14.76
479.43 369.95 97.45 -2.55 1242.62 1553.29 1453.29 1363.55 131.23 31.23
56.11 54.68 43.16 -56.84 603.97 216.73 116.73 476.02 63.55 -36.45
109.12 86.24 14.80 14.80 206.95 356.46 356.46 241.81 17.65 17.65

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented  L1 24 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

YC III 20-Mar-01 24 L1 S 209.06 155.37 74.32 -25.68 770.49 368.54 268.54 640.42 83.12 -16.88

TS III 13-Mar-01 25 L1 NS 158.78 128.17 80.72 -19.28 886.56 558.35 458.35 565.43 63.78 -36.22

JC III 1-May-01 29 L1 S 178.55 48.68 27.27 -72.73 802.58 449.51 349.51 _ _ _

JG III 15-May-01 28 L1 NS 158.66 125.26 78.95 -21.05 849.27 535.27 435.27 587.19 69.14 -30.86

TL III 27-Mar-01 24 L1 S 234.41 175.90 75.04 -24.96 731.52 312.06 212.06 375.73 51.36 -48.64

SP III 14-Aug-01 30 L1 NS 170.55 115.30 67.60 -32.40 706.16 414.04 314.04 536.53 75.98 -24.02

TM III 3-Jul-01 24 L1 S 178.79 138.47 77.45 -22.55 825.06 461.46 361.46 757.46 91.81 -8.19

VP III 26-Jun-01 24 L1 NS 147.76 78.83 53.35 -46.65 604.73 409.27 309.27 551.80 91.25 -8.75

YW III 6-Nov-01 20 L1 NS 179.28 105.24 58.70 -41.30 844.19 470.88 370.88 632.70 74.95 -25.05

W III 30-Oct-01 24 L1 NS 208.67 104.54 50.10 -49.90 1001.18 479.79 379.79 580.36 57.97 -42.03

SS III 9-May-01 28 L1 S 228.56 173.51 75.91 -24.09 625.11 273.50 173.50 370.70 59.30 -40.70

ST III 27-Mar-01 22 L1 NS 165.28 124.38 75.26 -24.74 630.87 381.71 281.71 593.65 94.10 -5.90

KK III 20-Mar-01 26 L1 NS 172.27 117.28 68.08 -31.92 709.34 411.77 311.77 569.81 80.33 -19.67

YW III 19-Mar-02 32 L1 NS 186.49 103.87 55.70 -44.30 937.75 502.84 402.84 761.78 81.23 -18.77

STo III 27-Aug-02 36 L1 S 210.15 129.41 61.58 -38.42 1173.84 558.57 458.57 860.13 73.27 -26.73

185.82 121.61 65.33 -34.67 806.58 439.17 339.17 598.84 74.83 -25.17
234.41 175.90 80.72 -19.28 1173.84 558.57 458.57 860.13 94.10 -5.90
147.76 48.68 27.27 -72.73 604.73 273.50 173.50 370.70 51.36 -48.64
26.38 33.03 14.50 14.50 153.76 84.17 84.17 133.95 13.31 13.31

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented  L1 36 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

JG IV 6-Nov-01 51 L1 NS 196.94 179.38 91.08 -8.92 890.17 452.00 352.00 653.04 73.36 -26.64

JC IV 25-Sep-01 50 L1 Spleen 525.06 275.67 52.50 -47.50 1149.15 218.86 118.86 913.27 79.47 -20.53

TL IV 25-Sep-01 50 L1 Spleen 271.32 206.57 76.14 -23.86 888.23 327.37 227.37 525.62 59.18 -40.82

W IV 19-Mar-02 44 L1 NS 178.69 113.34 63.43 -36.57 708.83 396.68 296.68 549.46 77.52 -22.48

SS IV 6-Nov-01 51 L1 S 247.01 174.28 70.56 -29.44 681.75 276.00 176.00 538.56 79.00 -21.00

CM IV 12-Mar-02 46 L1 NS 278.07 227.11 81.67 -18.33 998.84 359.20 259.20 960.60 96.17 -3.83

AP IV 3-Sep-02 42 L1 NS 362.72 177.59 48.96 -51.04 1173.45 323.51 223.51 1035.67 88.26 -11.74

YW IV 13-Aug-02 53 L1 NS 229.38 136.81 59.64 -40.36 985.88 429.80 329.80 865.05 87.74 -12.26

286.15 186.34 68.00 -32.00 934.54 347.93 247.93 755.16 80.09 -19.91
525.06 275.67 91.08 -8.92 1173.45 452.00 352.00 1035.67 96.17 -3.83
178.69 113.34 48.96 -51.04 681.75 218.86 118.86 525.62 59.18 -40.82
111.80 50.86 14.57 14.57 180.82 78.28 78.28 210.55 11.18 11.18

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD

Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented  L1 48 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

JG V 12-Feb-02 65 L1 NS 220.10 158.99 72.24 -27.76 1098.15 498.93 398.93 775.28 70.60 -29.40

YC V 5-Mar-02 64 L1 Spleen 245.56 202.16 82.33 -17.67 749.97 305.41 205.41 646.52 86.21 -13.79

SS V 19-Feb-02 66 L1 Spleen 318.40 291.72 91.62 -8.38 1019.22 320.11 220.11 865.00 84.87 -15.13

VP V 12-Mar-02 61 L1 NS 402.30 331.06 82.29 -17.71 1224.73 304.43 204.43 1027.56 83.90 -16.10

SP V 12-Feb-02 56 L1 NS 211.70 150.51 71.10 -28.90 1293.24 610.88 510.88 1010.00 78.10 -21.90

TM V 5-Mar-02 57 L1 Spleen 191.18 150.38 78.66 -21.34 780.36 408.18 308.18 668.64 85.68 -14.32

CM V 4-Jun-02 58 L1 NS 296.93 200.73 67.60 -32.40 980.37 330.17 230.17 954.22 97.33 -2.67

AP V 17-Dec-02 56 L1 NS 188.13 116.57 61.96 -38.04 906.40 481.79 381.79 583.44 64.37 -35.63

JC V 20-Nov-01 58 L1 Spleen 128.23 78.33 61.09 -38.91 620.78 484.11 384.11 481.94 77.63 -22.37

TL V 20-Nov-01 58 L1 Spleen 106.52 86.13 80.86 -19.14 638.60 599.51 499.51 570.89 89.40 -10.60

KK V 19-Feb-02 68 L1 NS 280.64 218.59 77.89 -22.11 990.16 352.82 252.82 800.73 80.87 -19.13

235.43 180.47 75.24 -24.76 936.54 426.94 326.94 762.20 81.72 -18.28
402.30 331.06 91.62 -8.38 1293.24 610.88 510.88 1027.56 97.33 -2.67
106.52 78.33 61.09 -38.91 620.78 304.43 204.43 481.94 64.37 -35.63
85.88 79.42 9.38 9.38 222.85 114.66 114.66 187.12 8.99 8.99

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
Min
SD
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Erythrocytes superoxide anion in thalassemia patients/HbE after treatmented  L1 56 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % % change men % %change men+SOD % % change

JC VI 12-Mar-02 74 L1 Spleen 246.49 191.40 77.65 -22.35 704.56 285.84 185.84 661.75 93.92 -6.08

TL VI 12-Mar-02 74 L1 Spleen 232.45 172.53 74.22 -25.78 861.98 370.82 270.82 733.94 85.15 -14.85

TS VI 12-Feb-02 73 L1 NS 194.03 137.11 70.66 -29.34 805.44 415.11 315.11 513.40 63.74 -36.26

CM VI 25-Sep-02 70 L1 NS 318.19 228.48 71.81 -28.19 1109.93 348.83 248.83 985.41 88.78 -11.22

247.79 182.38 73.59 -26.41 870.48 355.15 255.15 723.63 82.90 -17.10
318.19 228.48 77.65 -22.35 1109.93 415.11 315.11 985.41 93.92 -6.08
194.03 137.11 70.66 -29.34 704.56 285.84 185.84 513.40 63.74 -36.26
51.91 38.09 3.09 3.09 172.40 53.81 53.81 197.20 13.27 13.27

Min
SD

        O2
- in Erythrocytes, µmol O2

-/g Hb/hr

Average
Max
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Methaemoglobin in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

BC I 1-Mar-00 _ Baseline NS 27.00 22.95 85.00 -15.00 32.69 121.07 21.07 29.35 89.78 -10.22

JG I 4-Jul-00 _ Baseline NS 35.33 25.70 72.74 -27.26 34.25 96.94 -3.06 9.05 26.41 -73.59

YC I 11-Jul-oo _ Baseline S 89.61 79.80 89.05 -10.95 86.74 96.80 -3.20 44.41 51.20 -48.80

TS I 11-Jul-00 _ Baseline NS 12.82 11.09 86.51 -13.49 35.92 280.19 180.19 25.26 70.32 -29.68

SP 25-Oct-00 _ Baseline NS 28.71 25.01 87.11 -12.89 47.20 164.40 64.40 40.30 85.38 -14.62

JC I 11-Jul-00 _ Baseline S 56.91 43.74 76.86 -23.14 79.85 140.31 40.31 77.19 96.67 -3.33

ST I 19-Jul-00 _ Baseline NS 42.44 28.27 66.61 -33.39 41.20 97.08 -2.92 29.88 72.52 -27.48

SS I 19-Jul-00 _ Baseline S 92.31 87.83 95.15 -4.85 134.33 145.52 45.52 130.71 97.31 -2.69

TM I 19-Jul-oo _ Baseline S 118.07 105.39 89.26 -10.74 150.46 127.43 27.43 139.00 92.38 -7.62

TL I 19-Jul-00 _ Baseline S 71.26 65.01 91.24 -8.76 103.59 145.38 45.38 102.65 99.09 -0.91

SQ I 25-Jul-00 _ Baseline S 48.31 38.31 79.30 -20.70 147.30 304.91 204.91 82.73 56.16 -43.84

OP I 5-Sep-00 _ Baseline NS 50.12 46.35 92.47 -7.53 118.17 235.75 135.75 58.84 49.79 -50.21

CC I 18-0ct-00 _ Baseline NS 28.74 23.36 81.28 -18.72 32.10 111.68 11.68 29.00 90.35 -9.65

SR I 18-0ct-00 _ Baseline NS 60.52 57.23 94.55 -5.45 83.86 138.55 38.55 77.02 91.85 -8.15

VP I 18-0ct-00 _ Baseline NS 33.67 29.53 87.70 -12.30 56.83 168.79 68.79 52.24 91.93 -8.07

KP I 25-Oct-00 _ Baseline NS 62.17 53.14 85.47 -14.53 83.59 134.44 34.44 67.94 81.27 -18.73

PW I 25-Oct-00 _ Baseline NS 45.78 41.65 90.99 -9.01 73.88 161.39 61.39 52.51 71.07 -28.93

KK I 29-Nov-00 _ Baseline NS 52.75 49.11 93.11 -6.89 72.31 137.09 37.09 56.26 77.80 -22.20

PM I 6-Feb-00 _ Baseline NS 32.96 19.21 58.28 -41.72 46.56 141.28 41.28 35.74 76.75 -23.25

CM I 6-Feb-00 _ Baseline NS 39.42 24.75 62.79 -37.21 43.64 110.68 10.68 41.16 94.33 -5.67

YW I 6-Feb-00 _ Baseline NS 25.51 21.22 83.21 -16.79 38.27 150.05 50.05 33.98 88.78 -11.22

SS I 10-Apr-01 _ Baseline NS 25.24 21.39 84.74 -15.26 39.16 155.13 55.13 33.29 85.02 -14.98

W I 18-Apr-01 _ Baseline NS 17.21 15.66 91.02 -8.98 36.76 213.64 113.64 14.07 38.28 -61.72

STo I 18-Sep-01 _ Baseline S 34.85 26.86 77.07 -22.93 52.57 150.85 50.85 31.77 60.43 -39.57

AP I 16-Oct-01 _ Baseline NS 58.73 57.90 98.59 -1.41 65.46 111.46 11.46 57.92 88.48 -11.52

47.62 40.82 84.00 -16.00 69.47 153.63 53.63 54.09 76.93 -23.07

118.07 105.39 98.59 -1.41 150.46 304.91 204.91 139.00 99.09 -0.91

12.82 11.09 58.28 -41.72 32.10 96.80 -3.20 9.05 26.41 -73.59

24.99 24.06 10.23 10.23 36.64 53.14 53.14 32.89 19.69 19.69

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min

Stdev
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Methaemoglobin in thalassemia patients/HbE after treatmented  L1 12 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

JG II 20-Nov-00 12 L1 NS 31.22 28.58 91.55 -8.45 38.35 122.83 22.83 33.80 88.14 -11.86

YC II 23-Jan-01 16 L1 S 77.41 62.84 81.18 -18.82 96.42 124.56 24.56 86.84 90.06 -9.94

TS II 29-Nov-00 12 L1 NS 37.09 24.51 66.08 -33.92 48.20 129.95 29.95 43.10 89.42 -10.58

JC II 23-Jan-01 16 L1 S 80.21 60.47 75.40 -24.60 85.99 107.21 7.21 83.90 97.57 -2.43

TL II 30-Jan-01 16 L1 S 60.55 53.50 88.36 -11.64 78.18 129.13 29.13 71.66 91.65 -8.35

SP II 18-Apr-01 12 L1 NS 23.98 15.44 64.39 -35.61 56.63 236.17 136.17 39.31 69.40 -30.60

TM II 27-Mar-01 12 L1 S 69.97 54.84 78.38 -21.62 93.73 133.96 33.96 75.76 80.83 -19.17

VP II 4-Apr-01 12 L1 NS 132.29 91.93 69.49 -30.51 _ _ _ _ _ _

CM II 28-Aug-01 18 L1 NS 29.55 25.71 87.01 -12.99 44.76 151.47 51.47 41.39 92.47 -7.53

W II 7-Aug-01 12 L1 NS 17.17 13.08 76.17 -23.83 33.69 196.25 96.25 30.90 91.72 -8.28

STo II 22-Jan-02 14 L1 S 28.15 25.14 89.31 -10.69 34.33 121.95 21.95 25.82 75.21 -24.79

AP II 12-Feb-02 14 L1 NS 34.30 32.55 94.90 -5.10 36.58 106.65 6.65 34.44 94.15 -5.85

51.82 40.72 80.18 -19.82 58.81 141.83 41.83 51.54 87.33 -12.67
132.29 91.93 94.90 -5.10 96.42 236.17 136.17 86.84 97.57 -2.43
17.17 13.08 64.39 -35.61 33.69 106.65 6.65 25.82 69.40 -30.60
33.47 23.76 10.22 10.22 24.91 39.76 39.76 23.03 8.59 8.59

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min

Stdev

Methaemoglobin in thalassemia patients/HbE after treatmented  L1 24 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

YC III 20-Mar-01 24 L1 S 66.05 61.68 93.39 -6.61 89.14 134.96 34.96 70.13 78.67 -21.33

TS III 13-Mar-01 25 L1 NS 18.39 18.07 98.27 -1.73 27.45 149.31 49.31 21.23 77.34 -22.66

JC III 1-May-01 29 L1 S 41.78 19.07 45.63 -54.37 67.96 162.66 62.66 48.39 71.20 -28.80

JG III 15-May-01 28 L1 NS 35.00 23.25 66.43 -33.57 65.43 186.93 86.93 48.93 74.79 -25.21

TL III 27-Mar-01 24 L1 S 69.21 68.80 99.41 -0.59 97.30 140.60 40.60 93.85 96.45 -3.55

SP III 14-Aug-01 30 L1 NS 25.49 24.52 96.19 -3.81 43.74 171.59 71.59 29.65 67.77 -32.23

TM III 3-Jul-01 24 L1 S _ _ _ _ _ _ _ _ _ _

VP III 26-Jun-01 24 L1 NS 73.33 69.12 94.26 -5.74 90.83 123.86 23.86 90.62 99.76 -0.24

YW III 6-Nov-01 20 L1 NS 3.39 1.19 35.10 -64.90 4.77 140.71 40.71 3.09 64.78 -35.22

W III 30-Oct-01 24 L1 NS 3.57 0.49 13.73 -86.27 4.65 130.25 30.25 4.28 92.04 -7.96

SS III 27-Aug-02 36 L1 S 40.11 33.44 83.37 -16.63 49.05 122.29 22.29 46.77 95.35 -4.65

ST III 9-May-01 28 L1 S 54.04 49.51 91.61 -8.39 75.83 140.31 40.31 67.00 88.36 -11.64

KK III 27-Mar-01 22 L1 NS 29.19 22.85 78.28 -21.72 36.09 123.65 23.65 33.71 93.39 -6.61

YW III 20-Mar-01 26 L1 NS 51.16 39.59 77.39 -22.61 71.44 139.65 39.65 54.01 75.60 -24.40

STo III 19-Mar-02 32 L1 NS 14.81 12.00 81.03 -18.97 19.06 128.70 28.70 17.93 94.07 -5.93

37.54 31.68 75.29 -24.71 53.05 142.53 42.53 44.97 83.54 -16.46
73.33 69.12 99.41 -0.59 97.30 186.93 86.93 93.85 99.76 -0.24
3.39 0.49 13.73 -86.27 4.65 122.29 22.29 3.09 64.78 -35.22
23.21 23.03 26.28 26.28 31.37 19.22 19.22 28.78 11.86 11.86

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min

Stdev
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Methaemoglobin in thalassemia patients/HbE after treatmented  L1 36 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

JG IV 6-Nov-01 51 L1 NS 14.19 12.80 90.20 -9.80 28.79 202.89 102.89 26.56 92.25 -7.75

JC IV 25-Sep-01 50 L1 Spleen 42.10 36.49 86.67 -13.33 59.37 141.02 41.02 30.46 51.31 -48.69

TL IV 25-Sep-01 50 L1 Spleen 25.38 16.05 63.24 -36.76 31.54 124.27 24.27 24.68 78.25 -21.75

W IV 19-Mar-02 44 L1 NS 4.56 4.25 93.20 -6.80 6.34 139.04 39.04 5.86 92.43 -7.57

SS IV 6-Nov-01 51 L1 S 24.64 22.05 89.49 -10.51 40.60 164.77 64.77 27.67 68.15 -31.85

CM IV 12-Mar-02 46 L1 NS 13.64 10.13 74.27 -25.73 20.92 153.37 53.37 17.44 83.37 -16.63

AP IV 3-Sep-02 42 L1 NS 30.91 23.21 75.09 -24.91 32.32 104.56 4.56 31.17 96.44 -3.56

YW IV 13-Aug-02 53 L1 NS 7.33 3.89 53.07 -46.93 10.38 141.61 41.61 9.90 95.38 -4.62

20.34 16.11 78.15 -21.85 28.78 146.44 46.44 21.72 82.20 -17.80
42.10 36.49 93.20 -6.80 59.37 202.89 102.89 31.17 96.44 -3.56
4.56 3.89 53.07 -46.93 6.34 104.56 4.56 5.86 51.31 -48.69
12.71 10.94 14.39 14.39 16.90 29.09 29.09 9.58 15.82 15.82

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min

Stdev

Methaemoglobin in thalassemia patients/HbE after treatmented  L1 48 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

Jatana V 12-Feb-02 65 L1 NS 25.40 23.45 92.32 -7.68 27.24 107.24 7.24 26.23 96.29 -3.71

Jun V 20-Nov-01 58 L1 Spleen 22.54 20.47 90.82 -9.18 25.74 114.20 14.20 24.43 94.91 -5.09

Tanongsak V 20-Nov-01 58 L1 Spleen 18.01 14.99 83.23 -16.77 23.33 129.54 29.54 18.12 77.67 -22.33

Yuan V 13-Aug-02 53 L1 NS 7.33 3.89 53.07 -46.93 10.38 141.61 41.61 9.90 95.38 -4.62

Chawat V 25-Sep-02 70 L1 NS 7.78 3.95 50.77 -49.23 11.33 145.63 45.63 9.25 81.64 -18.36

18.32 15.70 79.86 -20.14 21.67 123.15 23.15 19.67 91.06 -8.94
25.40 23.45 92.32 -7.68 27.24 141.61 41.61 26.23 96.29 -3.71
7.33 3.89 53.07 -46.93 10.38 107.24 7.24 9.90 77.67 -22.33
7.93 8.62 18.30 18.30 7.70 15.44 15.44 7.38 8.95 8.95

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
Min

Stdev
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Methaemoglobin in thalassemia patients/HbE after treatmented  L1 56 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change men % %change men+SOD % %change

JC VI 12-Mar-02 74 L1 Spleen 44.32 36.87 83.19 -16.81 49.85 112.48 12.48 45.62 91.51 -8.49

TL VI 12-Mar-02 74 L1 Spleen 37.92 32.76 86.39 -13.61 45.51 120.02 20.02 42.33 93.01 -6.99

TS VI 12-Feb-02 73 L1 NS 7.00 6.46 92.29 -7.71 14.30 204.29 104.29 8.90 62.24 -37.76

CM VI 25-Sep-02 70 L1 NS 7.78 3.95 50.77 -49.23 11.33 145.63 45.63 9.25 81.64 -18.36

24.26 20.01 78.16 -21.84 30.25 145.60 45.60 26.53 82.10 -17.90
44.32 36.87 92.29 -7.71 49.85 204.29 104.29 45.62 93.01 -6.99
7.00 3.95 50.77 -49.23 11.33 112.48 12.48 8.90 62.24 -37.76
19.65 17.21 18.64 18.64 20.24 41.62 41.62 20.19 14.17 14.17

Min
Stdev

       Met Hb, µmolO2
-/g Hb/hr

Average
Max
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Glutathione S transferase in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

BC I 1-Mar-00 _ Baseline NS 427.86 410.22 95.88 -4.12 358.71 83.84 -16.16

JG I 4-Jul-00 _ Baseline NS 461.73 376.56 81.55 -18.45 339.86 73.61 -26.39

YC I 11-Jul-oo _ Baseline S 518.30 514.45 99.26 -0.74 509.58 98.32 -1.68

TS I 11-Jul-00 _ Baseline NS 360.34 214.34 59.48 -40.52 122.28 33.93 -66.07

SP 25-Oct-00 _ Baseline NS 538.78 456.25 84.68 -15.32 451.38 83.78 -16.22

JC I 11-Jul-00 _ Baseline S 540.81 534.32 98.80 -1.20 497.41 91.98 -8.02

ST I 19-Jul-00 _ Baseline NS 681.33 599.82 88.04 -11.96 533.91 78.36 -21.64

SS I 19-Jul-00 _ Baseline S 503.50 491.94 97.70 -2.30 378.59 75.19 -24.81

TM I 19-Jul-oo _ Baseline S 529.05 397.44 75.12 -24.88 384.47 72.67 -27.33

TL I 19-Jul-00 _ Baseline S 547.10 537.00 98.15 -1.85 469.60 85.83 -14.17

SQ I 25-Jul-00 _ Baseline S 395.82 386.90 97.75 -2.25 311.87 78.79 -21.21

OP I 5-Sep-00 _ Baseline NS 419.75 419.34 99.90 -0.10 309.44 73.72 -26.28

CC I 18-0ct-00 _ Baseline NS 659.64 501.67 76.05 -23.95 426.24 64.62 -35.38

SR I 18-0ct-00 _ Baseline NS 313.90 300.92 95.87 -4.13 280.64 89.41 -10.59

VP I 18-0ct-00 _ Baseline NS 343.91 341.68 99.35 -0.65 239.28 69.58 -30.42

KP I 25-Oct-00 _ Baseline NS 432.93 424.62 98.08 -1.92 370.68 85.62 -14.38

PW I 25-Oct-00 _ Baseline NS 477.74 447.73 93.72 -6.28 432.73 90.58 -9.42

KK I 29-Nov-00 _ Baseline NS 598.60 541.21 90.41 -9.59 415.09 69.34 -30.66

PM I 6-Feb-00 _ Baseline NS 552.16 506.34 91.70 -8.30 498.63 90.30 -9.70

CM I 6-Feb-00 _ Baseline NS 567.17 517.29 91.20 -8.80 492.14 86.77 -13.23

YW I 6-Feb-00 _ Baseline NS 543.44 535.54 98.54 -1.46 509.38 93.73 -6.27

SS I 10-Apr-01 _ Baseline NS 400.34 348.37 87.02 -12.98 285.11 71.22 -28.78

W I 18-Apr-01 _ Baseline NS 578.53 577.71 99.86 -0.14 517.08 89.38 -10.62

STo I 18-Sep-01 _ Baseline S 577.51 548.72 95.01 -4.99 450.17 77.95 -22.05

AP I 16-Oct-01 _ Baseline NS 275.78 260.37 94.41 -5.59 231.37 83.90 -16.10

489.84 447.63 91.50 -8.50 392.62 79.70 -20.30

681.33 599.82 99.90 -0.10 533.91 98.32 -1.68

275.78 214.34 59.48 -40.52 122.28 33.93 -66.07

104.29 101.26 9.80 9.80 107.17 12.97 12.97

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min

Stdev
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Glutathione S transferase in thalassemia patients/HbE after treatmented  L1 12 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

JG II 20-Nov-00 12 L1 NS 544.05 538.58 98.99 -1.01 459.49 84.46 -15.54

YC II 23-Jan-01 16 L1 S 433.13 401.09 92.60 -7.40 388.73 89.75 -10.25

TS II 29-Nov-00 12 L1 NS 567.17 514.45 90.70 -9.30 441.65 77.87 -22.13

JC II 23-Jan-01 16 L1 S 463.96 413.46 89.12 -10.88 336.41 72.51 -27.49

TL II 30-Jan-01 16 L1 S 377.37 371.69 98.50 -1.50 348.98 92.48 -7.52

SP II 18-Apr-01 12 L1 NS 680.52 590.49 86.77 -13.23 542.23 79.68 -20.32

TM II 27-Mar-01 12 L1 S 336.61 320.39 95.18 -4.82 297.88 88.49 -11.51

VP II 4-Apr-01 12 L1 NS 627.19 599.61 95.60 -4.40 578.12 92.18 -7.82

CM II 28-Aug-01 18 L1 NS 309.84 182.91 59.03 -40.97 166.68 53.80 -46.20

W II 7-Aug-01 12 L1 NS 415.29 342.64 82.51 -17.49 256.35 61.73 -38.27

STo II 22-Jan-02 14 L1 S 283.08 262.39 92.69 -7.31 222.65 78.65 -21.35

AP II 12-Feb-02 14 L1 NS 476.73 460.71 96.64 -3.36 414.07 86.86 -13.14

459.58 416.53 89.86 -10.14 371.10 79.87 -20.13
680.52 599.61 98.99 -1.01 578.12 92.48 -7.52
283.08 182.91 59.03 -40.97 166.68 53.80 -46.20
125.79 129.87 10.85 10.85 124.73 12.14 12.14

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min

Stdev
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Glutathione S transferase in thalassemia patients/HbE after treatmented  L1 24 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

YC III 20-Mar-01 24 L1 S 408.60 396.03 96.92 -3.08 324.04 79.31 -20.69

TS III 13-Mar-01 25 L1 NS 557.44 526.41 94.43 -5.57 472.27 84.72 -15.28

JC III 1-May-01 29 L1 S 118.83 86.79 73.04 -26.96 54.95 46.25 -53.75

JG III 15-May-01 28 L1 NS 475.72 438.41 92.16 -7.84 401.09 84.31 -15.69

TL III 27-Mar-01 24 L1 S 330.12 317.14 98.50 -1.50 250.23 92.48 -7.52

SP III 14-Aug-01 30 L1 NS 438.84 425.22 96.90 -3.10 389.64 88.79 -11.21

TM III 3-Jul-01 24 L1 S 363.01 359.61 99.06 -0.94 316.64 87.22 -12.78

VP III 26-Jun-01 24 L1 NS 418.33 401.09 95.88 -4.12 326.68 78.09 -21.91

YW III 6-Nov-01 20 L1 NS 346.55 312.68 90.23 -9.77 280.64 80.98 -19.02

W III 30-Oct-01 24 L1 NS 438.20 364.39 83.16 -16.84 280.04 63.91 -36.09

SS III 27-Aug-02 36 L1 S 571.23 551.96 96.63 -3.37 526.82 92.23 -7.77

ST III 9-May-01 28 L1 S 472.07 432.32 91.58 -8.42 325.46 68.94 -31.06

KK III 27-Mar-01 22 L1 NS 538.98 488.29 90.59 -9.41 430.70 79.91 -20.09

YW III 20-Mar-01 26 L1 NS 456.86 315.93 69.15 -30.85 282.67 61.87 -38.13

STo III 19-Mar-02 32 L1 NS 460.91 445.30 96.61 -3.39 423.40 91.86 -8.14

426.38 390.77 90.99 -9.01 339.02 78.72 -21.28
571.23 551.96 99.06 -0.94 526.82 92.48 -7.52
118.83 86.79 69.15 -30.85 54.95 46.25 -53.75
110.97 111.28 9.08 9.08 111.70 13.22 13.22

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min

Stdev
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Glutathione S transferase in thalassemia patients/HbE after treatmented  L1 36 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

JG IV 6-Nov-01 51 L1 NS 277.81 252.66 90.95 -9.05 215.15 77.45 -22.55

JC IV 25-Sep-01 50 L1 Spleen 409.41 265.30 64.80 -35.20 213.93 52.25 -47.75

TL IV 25-Sep-01 50 L1 Spleen 302.75 249.42 82.38 -17.62 183.92 60.75 -39.25

W IV 19-Mar-02 44 L1 NS 581.77 556.42 95.64 -4.36 514.24 88.39 -11.61

SS IV 6-Nov-01 51 L1 S 327.47 268.48 81.99 -18.01 229.54 70.09 -29.91

CM IV 12-Mar-02 46 L1 NS 435.16 398.66 91.61 -8.39 349.18 80.24 -19.76

AP IV 3-Sep-02 42 L1 NS 447.13 414.88 92.79 -7.21 390.14 87.25 -12.75

YW IV 13-Aug-02 53 L1 NS 533.91 518.91 97.19 -2.81 432.12 80.93 -19.07

414.43 365.59 87.17 -12.83 316.03 74.67 -25.33
581.77 556.42 97.19 -2.81 514.24 88.39 -11.61
277.81 249.42 64.80 -35.20 183.92 52.25 -47.75
108.56 124.89 10.61 10.61 122.41 12.77 12.77

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min

Stdev

Glutathione S transferase in thalassemia patients/HbE after treatmented  L1 48 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

JG V 12-Feb-02 65 L1 NS 497.01 448.34 90.21 -9.79 395.62 79.60 -20.40

YC V 20-Nov-01 58 L1 Spleen 355.27 322.42 90.75 -9.25 261.38 73.57 -26.43

SS V 20-Nov-01 58 L1 Spleen 331.34 299.30 90.33 -9.67 264.22 79.74 -20.26

VP V 5-Mar-02 64 L1 Spleen 426.44 375.14 87.97 -12.03 349.79 82.03 -17.97

SP V 12-Feb-02 56 L1 NS 543.85 473.28 87.02 -12.98 461.32 84.82 -15.18

TM V 19-Feb-02 66 L1 Spleen 384.47 369.46 96.10 -3.90 337.02 87.66 -12.34

CM V 5-Mar-02 57 L1 Spleen 422.99 400.29 94.63 -5.37 386.29 91.32 -8.68

AP V 12-Mar-02 61 L1 NS 572.44 531.68 92.88 -7.12 530.87 92.74 -7.26

JC V 4-Jun-02 58 L1 NS 506.94 494.37 97.52 -2.48 447.13 88.20 -11.80

TL V 19-Feb-02 68 L1 NS 450.37 386.49 85.82 -14.18 357.09 79.29 -20.71

KK V 17-Dec-02 56 L1 NS 362.16 290.58 80.24 -19.76 249.21 68.81 -31.19

441.21 399.21 90.32 -9.68 367.27 82.53 -17.47
572.44 531.68 97.52 -2.48 530.87 92.74 -7.26
331.34 290.58 80.24 -19.76 249.21 68.81 -31.19
80.47 79.88 4.99 4.99 89.58 7.35 7.35

  GST,nmolCDNB/ml er pellet/min

Average
Max
Min

Stdev
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Glutathione S transferase in thalassemia patients/HbE after treatmented  L1 56 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp men 0.1mM % %change men 5mM % %change

JC VI 12-Mar-02 74 L1 Spleen 396.23 358.11 90.38 -9.62 354.25 89.41 -10.59

TL VI 12-Mar-02 74 L1 Spleen 410.02 401.09 97.82 -2.18 396.23 96.64 -3.36

TS VI 12-Feb-02 73 L1 NS 565.95 547.70 94.43 -5.57 528.44 84.72 -15.28

CM VI 25-Sep-02 70 L1 NS 568.18 520.13 91.54 -8.46 470.44 82.80 -17.20

485.10 456.76 93.54 -6.46 437.34 88.39 -11.61
568.18 547.70 97.82 -2.18 528.44 96.64 -3.36
396.23 358.11 90.38 -9.62 354.25 82.80 -17.20
94.82 91.50 3.32 3.32 77.44 6.16 6.16

Min
Stdev

  GST,nmolCDNB/ml er pellet/min

Average
Max
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Leukocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPr I 28-Feb-00 _ Baseline S 2.14 0.78 36.46 -63.54 3.71 173.35 73.35 0.73 19.60 -80.40

AT I 1-Mar-00 _ Baseline NS 4.73 3.84 81.18 -18.82 2.51 53.07 -46.93 1.67 66.53 -33.47

ASJ I 9-Mar-00 _ Baseline NS 6.18 0.36 5.83 -94.17 13.30 215.21 115.21 9.16 68.87 -31.13

SIG I 27-Jun-00 _ Baseline NS 9.28 7.83 84.38 -15.63 26.73 288.04 188.04 10.19 38.12 -61.88

KG I 4-Jul-00 _ Baseline S 15.40 13.90 90.26 -9.74 24.20 157.19 57.19 7.59 31.37 -68.63

7.55 5.34 59.62 -40.38 14.09 177.37 77.37 5.87 44.90 -55.10

15.40 13.90 90.26 -9.74 26.73 288.04 188.04 10.19 68.87 -31.13

2.14 0.36 5.83 -94.17 2.51 53.07 -46.93 0.73 19.60 -80.40

5.09 5.64 36.90 36.90 11.23 85.96 85.96 4.37 21.86 21.86Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  immugen 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPr II 9-Aug-00 19 Immugen S 8.54 5.52 64.64 -35.36 12.80 149.88 49.88 6.85 53.52 -46.48

AT II 20-Jun-00 12 Immugen NS 18.65 4.37 23.43 -76.57 20.90 112.06 12.06 18.62 89.09 -10.91

ASJ II 20-Jun-00 14 Immugen NS 8.62 8.14 94.48 -5.52 23.13 268.51 168.51 20.13 87.04 -12.96

SIG II 27-Sep-00 12 Immugen NS 11.09 7.57 68.26 -31.74 16.63 149.95 49.95 8.50 51.11 -48.89

KG II 3-Oct-00 12 Immugen S 5.71 2.24 39.23 -60.77 11.38 199.30 99.30 4.31 37.87 -62.13

10.52 5.57 58.01 -41.99 16.97 175.94 75.94 11.68 63.73 -36.27

18.65 8.14 94.48 -5.52 23.13 268.51 168.51 20.13 89.09 -10.91

5.71 2.24 23.43 -76.57 11.38 112.06 12.06 4.31 37.87 -62.13

4.93 2.40 27.51 27.51 5.05 60.31 60.31 7.20 23.01 23.01

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max

mayuree
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Leukocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPr III 5-Sep-00 _ Baseline S 8.07 4.21 52.21 -47.79 9.35 115.93 15.93 6.35 67.94 -32.06

AT III 25-Jul-00 _ Baseline NS 11.66 6.90 59.18 -40.82 16.76 143.67 43.67 8.78 52.41 -47.59

ASJ III 27-Sep-00 _ Baseline NS 9.38 8.71 92.86 -7.14 14.33 152.77 52.77 8.76 61.13 -38.87

KG III 31-Oct-00 _ Baseline S 9.45 3.90 41.31 -58.69 23.06 244.08 144.08 13.78 59.75 -40.25

9.64 5.93 61.39 -38.61 15.88 164.11 64.11 9.42 60.31 -39.69

11.66 8.71 92.86 -7.14 23.06 244.08 144.08 13.78 67.94 -32.06

8.07 3.90 41.31 -58.69 9.35 115.93 15.93 6.35 52.41 -47.59

1.49 2.29 22.23 22.23 5.70 55.57 55.57 3.12 6.36 6.36

Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  immugen+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPR IV 30-Jan-01 12 IM +L1 S 12.73 10.90 85.60 -14.40 23.21 182.24 82.24 16.45 70.87 -29.13

AT IV 29-Nov-00 12 IM +L1 NS 22.94 10.61 42.22 -57.78 20.71 78.43 -21.57 17.68 89.70 -10.30

ASJ IV 27-Feb-01 13 IM +L1 NS 11.98 8.43 70.33 -29.67 11.37 94.86 -5.14 6.47 54.43 -45.57

KG IV 29-May-01 12 IM +L1 S 8.09 2.24 27.69 -72.31 12.57 155.38 55.38 8.81 70.09 -29.91

13.94 8.05 56.46 -43.54 16.96 127.73 27.73 12.35 71.27 -28.73

22.94 10.90 85.60 -14.40 23.21 182.24 82.24 17.68 89.70 -10.30

8.09 2.24 27.69 -72.31 11.37 78.43 -21.57 6.47 54.43 -45.57

6.34 4.02 26.28 26.28 5.88 49.15 49.15 5.55 14.43 14.43

Average
Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr
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Leukocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPr V 27-Feb-01 _ Baseline S 6.59 1.59 24.19 -75.81 9.21 139.71 39.71 3.59 39.02 -60.98

AT V 9-Jan-01 _ Baseline NS 12.45 2.57 20.65 -79.35 21.52 172.85 72.85 7.31 33.96 -66.04

ASJ V 27-Mar-01 _ Baseline NS 13.71 10.64 77.60 -22.40 20.44 149.10 49.10 13.04 63.81 -36.19

KG V 26-Jun-01 _ Baseline S 40.57 33.64 82.93 -17.07 96.61 238.13 138.13 15.90 16.46 -83.54

18.33 12.11 51.34 -48.66 36.94 174.95 74.95 9.96 38.31 -61.69

40.57 33.64 82.93 -17.07 96.61 238.13 138.13 15.90 63.81 -36.19

6.59 1.59 20.65 -79.35 9.21 139.71 39.71 3.59 16.46 -83.54

15.15 14.92 33.50 33.50 40.16 44.37 44.37 5.55 19.55 19.55Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPr VI 22-May-01 12 L1 S 8.33 3.86 46.34 -53.66 16.99 203.96 103.96 5.66 33.31 -66.69

AT VI 4-Apr-01 12 L1 NS 10.78 9.16 84.99 -15.01 14.02 130.03 30.03 12.64 90.15 -9.85

ASJ VI 25-Sep-01 19 L1 NS 11.07 1.95 17.62 -82.38 25.01 225.93 125.93 0.31 1.24 -98.76

KG VI 2-Oct-01 12 L1 S 11.31 6.02 53.23 -46.77 19.35 171.09 71.09 12.95 66.93 -33.07

10.37 5.25 50.54 -49.46 18.84 182.75 82.75 7.89 47.91 -52.09

11.31 9.16 84.99 -15.01 25.01 225.93 125.93 12.95 90.15 -9.85

8.33 1.95 17.62 -82.38 14.02 130.03 30.03 0.31 1.24 -98.76

1.38 3.09 27.66 27.66 4.65 41.75 41.75 6.07 38.89 38.89

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
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 Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

SPR VII 14-Aug-01 24 L1 Spleen 9.93 2.24 22.51 -77.49 15.16 152.63 52.63 3.74 24.67 -75.33

AT VII 7-Aug-01 30 L1 NS 5.42 2.14 39.52 -60.48 13.63 251.48 151.48 0.72 5.29 -94.71

ASJ VII 15-Jan-02 35 L1 NS 1.95 1.57 80.51 -19.49 10.42 534.36 434.36 4.12 39.54 -60.46

5.77 1.98 47.52 -52.48 13.07 312.82 212.82 2.86 23.17 -76.83

9.93 2.24 80.51 -19.49 15.16 534.36 434.36 4.12 39.54 -60.46

1.95 1.57 22.51 -77.49 10.42 152.63 52.63 0.72 5.29 -94.71

4.00 0.36 29.81 29.81 2.42 198.12 198.12 1.86 17.17 17.17

Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp sp+SOD % %change PMA % %change PMA+SOD % %change

ASJ VIII 25-Jun-02 55 L1 NS 8.02 5.55 69.20 -30.80 16.09 200.62 100.62 13.83 85.95 -14.05

    O2
- in Leukocytes, O2

-nmol/106/1hr
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Nitric oxide in thalassemia patients/HbE before treatment

Group Date Week Immugen Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

SPr I 28-Feb-00 _ Baseline S 239.02 978.05 409.18 309.18 190.51 19.48 -80.52

AT I 1-Mar-00 _ Baseline NS 190.00 1127.50 593.42 493.42 87.50 7.76 -92.24

ASJ I 9-Mar-00 _ Baseline NS 890.13 993.48 111.61 11.61 86.96 8.75 -91.25 230.04 23.16 -76.84

SIG I 27-Jun-00 _ Baseline NS 884.00 1580.00 178.73 78.73 294.00 18.61 -81.39 576.00 36.46 -63.54

KG I 4-Jul-00 _ Baseline S 500.00 994.00 198.80 98.80 250.00 25.15 -74.85 456.00 45.88 -54.12

540.63 1134.61 298.35 198.35 181.79 15.95 -84.05 420.68 35.16 -64.84

890.13 1580.00 593.42 493.42 294.00 25.15 -74.85 576.00 45.88 -54.12

190.00 978.05 111.61 11.61 86.96 7.76 -92.24 230.04 23.16 -76.84

337.50 256.23 199.02 199.02 93.81 7.47 7.47 175.66 11.42 11.42

NO, mV/106 leukocytes

Average
Max
Min

Stdev

Nitric oxide in thalassemia patients/HbE

Group Date Week Immugen Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

SPr II 9-Aug-00 19 immugen S 408.00 1900.00 465.69 365.69 350.00 18.42 -81.58 520.00 27.37 -72.63

AT II 20-Jun-00 12 immugen NS 586.16 1513.21 258.15 158.15 418.87 27.68 -72.32 535.85 35.41 -64.59

ASJ II 20-Jun-00 14 immugen NS 151.94 523.87 344.80 244.80 97.10 18.53 -81.47 134.52 25.68 -74.32

SIG II 27-Sep-00 12 immugen NS 800.00 1560.00 195.00 95.00 660.00 42.31 -57.69 920.00 58.97 -41.03

KG II 3-Oct-00 12 immugen S 480.00 660.00 137.50 37.50 360.00 54.55 -45.45 440.00 66.67 -33.33

485.22 1231.42 280.23 180.23 377.19 32.30 -67.70 510.07 42.82 -57.18

800.00 1900.00 465.69 365.69 660.00 54.55 -45.45 920.00 66.67 -33.33

151.94 523.87 137.50 37.50 97.10 18.42 -81.58 134.52 25.68 -74.32

237.88 604.47 129.12 129.12 200.75 15.80 15.80 280.52 18.82 18.82

Min
Stdev

Average
Max

NO, mV/106 leukocytes
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Nitric oxide in thalassemia patients/HbE after wash out 1 month

Group Date Week BN Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

SPr III 5-Sep-00 19 BN S 332.00 2300.00 692.77 592.77 242.00 10.52 -89.48 258.00 11.22 -88.78

AT III 25-Jul-00 12 BN NS 788.00 2566.00 325.63 225.63 292.00 11.38 -88.62 748.00 29.15 -70.85

AST III 27-Sep-00 14 BN NS 780.00 1280.00 164.10 64.10 400.00 31.25 -68.75 780.00 60.94 -39.06

784.00 1923.00 244.87 144.87 346.00 21.31 -78.69 764.00 45.04 -54.96

788.00 2566.00 325.63 225.63 400.00 31.25 -68.75 780.00 60.94 -39.06

780.00 1280.00 164.10 64.10 292.00 11.38 -88.62 748.00 29.15 -70.85

5.66 909.34 114.22 114.22 76.37 14.05 14.05 22.63 22.48 22.48Stdev

Max
Min

Average

NO, mV/106 leukocytes
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Reactive oxygen species in thalassemia patients /HbE before treatment
Thalassemia Date Week Drug Spleen

Group Immugen sp PMA % %change

SPr I 28-Feb-00 _ Baseline S 256.00 334.00 130.47 30.47

AT I 1-Mar-00 _ Baseline NS 218.80 306.30 139.99 39.99

ASJ I 9-Mar-00 _ Baseline NS 210.60 387.40 183.95 83.95

SIG I 27-Jun-00 _ Baseline NS 1006.00 2548.00 253.28 153.28

KG I 4-Jul-00 _ Baseline S 864.00 2188.00 253.24 153.24

511.08 1152.74 192.19 92.19

1006.00 2548.00 253.28 153.28

210.60 306.30 130.47 30.47

390.60 1117.03 59.29 59.29

ROS, mV /106leukocytes

Average
Max
Min

Stdev

Reactive oxygen species in thalassemia patients /HbE after treatmented immugen 12 weeks
Thalassemia Date Week Drug Spleen

Group Immugen sp PMA % %change

SPr II 9-Aug-00 19 Immugen S 232.00 952.00 410.34 310.34

AT II 20-Jun-00 12 Immugen NS 532.08 929.56 174.70 74.70

ASJ II 20-Jun-00 14 Immugen NS 210.65 387.42 183.92 83.92

SIG II 27-Sep-00 12 Immugen NS 460.00 800.00 173.91 73.91

KG II 3-Oct-00 12 Immugen S 460.00 540.00 117.39 17.39

378.94 721.80 212.05 112.05

532.08 952.00 410.34 310.34

210.65 387.42 117.39 17.39

147.06 248.56 113.93 113.93

ROS, mV /106leukocytes

Average
Max
Min

Stdev
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Reactive oxygen species in thalassemia patients /HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group Immugen sp PMA % %change

SPr III 5-Sep-00 _ Baseline S 160.00 272.00 170.00 70.00

AT III 25-Jul-00 _ Baseline NS 130.00 345.40 265.69 165.69

ASJ III 27-Sep-00 _ Baseline NS 140.00 260.00 185.71 85.71

143.33 292.47 207.14 107.14

160.00 345.40 265.69 165.69

130.00 260.00 170.00 70.00

15.28 46.23 51.32 51.32

ROS, mV /106leukocytes

Min
Stdev

Average
Max
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Leukocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

PN I 7-Mar-00 _ Baseline S 2.02 0.00 0.00 -100.00 6.07 300.00 200.00 2.55 41.96 -58.04

ND I 9-Mar-00 _ Baseline S 5.71 1.43 25.04 -74.96 9.52 166.73 66.73 9.09 95.48 -4.52

MR I 27-Jun-00 _ Baseline NS 4.12 2.76 66.99 -33.01 19.21 466.26 366.26 9.76 50.81 -49.19

NS I 4-Jul-00 _ Baseline S 13.47 11.04 81.98 -18.02 20.02 148.59 48.59 10.02 50.06 -49.94

KC I 5-Jul-00 _ Baseline S 4.57 3.62 79.17 -20.83 13.16 288.02 188.02 11.76 89.33 -10.67

5.98 3.77 50.64 -49.36 13.60 273.92 173.92 8.63 65.53 -34.47

13.47 11.04 81.98 -18.02 20.02 466.26 366.26 11.76 95.48 -4.52

2.02 0.00 0.00 -100.00 6.07 148.59 48.59 2.55 41.96 -58.04

4.40 4.29 36.34 36.34 6.05 127.55 127.55 3.54 24.88 24.88Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  bionormalizer 12 weeks
Thalassemia Date Week Drug Spleen

Group sp sp+SOD  % %change PMA % %change PMA+SOD % %change

PN II 27-Jun-00 12 BN S 9.81 2.21 22.53 -77.47 13.73 139.96 39.96 8.83 64.31 -35.69

ND II 8-Aug-00 12 BN S 6.57 3.90 59.36 -40.64 12.66 192.69 92.69 6.38 50.39 -49.61

MR II 26-Sep-00 12 BN NS 6.81 4.43 65.05 -34.95 10.00 146.84 46.84 7.43 74.30 -25.70

NS II 3-Oct-00 12 BN S 10.14 1.17 11.54 -88.46 15.37 151.58 51.58 9.33 60.70 -39.30

KC II 9-Jan-01 12 BN S 15.57 10.02 64.37 -35.63 13.07 83.94 -16.06 2.71 20.77 -79.23

9.78 4.35 44.57 -55.43 12.97 143.00 43.00 6.94 54.09 -45.91

15.57 10.02 65.05 -34.95 15.37 192.69 92.69 9.33 74.30 -25.70

6.57 1.17 11.54 -88.46 10.00 83.94 -16.06 2.71 20.77 -79.23

3.63 3.43 25.53 25.53 1.95 38.91 38.91 2.63 20.50 20.50

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
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Leukocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

PN III 25-Jul-00 _ Baseline S 13.64 9.38 68.76 -31.24 19.73 144.68 44.68 10.81 54.76 -45.24

Narisara III 12-Sep-00 _ Baseline S 6.33 5.33 84.21 -15.79 8.38 132.33 32.33 3.17 37.78 -62.22

Nantina III 31-Oct-00 _ Baseline S 14.18 10.71 75.50 -24.50 22.56 159.06 59.06 15.71 69.62 -30.38

Katesara III 10-Apr-01 _ Baseline S 14.47 6.31 43.59 -56.41 14.68 101.48 1.48 6.71 45.71 -54.29

12.16 7.93 68.02 -31.98 16.34 134.39 34.39 9.10 51.97 -48.03

14.47 10.71 84.21 -15.79 22.56 159.06 59.06 15.71 69.62 -30.38

6.33 5.33 43.59 -56.41 8.38 101.48 1.48 3.17 37.78 -62.22

3.90 2.53 17.47 17.47 6.23 24.51 24.51 5.40 13.66 13.66

Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  BN+L1 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

ND IV 30-Jan-01 12 BN+L1 S 8.50 5.90 69.47 -30.53 12.04 141.74 41.74 10.66 88.52 -11.48

NS IV 1-May-01 13 BN+L1 S 12.92 10.88 84.21 -15.79 21.71 168.03 68.03 13.47 62.05 -37.95

KC IV 14-Aug-01 14 Bn+L1 S 11.70 5.46 46.71 -53.29 16.02 136.98 36.98 3.67 22.88 -77.12

11.04 7.42 66.80 -33.20 16.59 148.92 48.92 9.27 57.81 -42.19

12.92 10.88 84.21 -15.79 21.71 168.03 68.03 13.47 88.52 -11.48

8.50 5.46 46.71 -53.29 12.04 136.98 36.98 3.67 22.88 -77.12

2.28 3.01 18.89 18.89 4.86 16.73 16.73 5.05 33.02 33.02

Average
Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr
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Leukocytes superoxide anion in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

ND V 27-Feb-01 _ Baseline S 4.47 0.00 0.00 -100.00 9.90 221.28 121.28 3.47 35.07 -64.93

NS V 29-May-01 _ Baseline S 12.95 9.45 72.98 -27.02 23.90 184.56 84.56 8.81 36.85 -63.15

KC V 18-Sep-01 _ Baseline S 14.28 5.36 37.54 -62.46 23.92 167.51 67.51 20.56 85.95 -14.05

10.57 4.94 36.84 -63.16 19.24 191.11 91.11 10.95 52.63 -47.37

14.28 9.45 72.98 -27.02 23.92 221.28 121.28 20.56 85.95 -14.05

4.47 0.00 0.00 -100.00 9.90 167.51 67.51 3.47 35.07 -64.93

5.32 4.74 36.49 36.49 8.09 27.48 27.48 8.74 28.88 28.88Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  deferiprone 12 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

ND VI 5-Jun-01 13 L1 S 7.735 0.88 11.38 -88.62 8.54 110.46 10.46 1.48 17.27 -82.73

NS VI 18-Sep-01 14 L1 S 8.47 0.00 0.00 -100.00 23.47 277.10 177.10 17.21 73.33 -26.67

KC VI 5-Feb-02 18 L1 S 15.71 12.92 82.24 -17.76 21.44 136.47 36.47 14.76 68.84 -31.16

10.64 4.60 31.21 -68.79 17.82 174.68 74.68 11.15 53.15 -46.85

15.71 12.92 82.24 -17.76 23.47 277.10 177.10 17.21 73.33 -26.67

7.74 0.00 0.00 -100.00 8.54 110.46 10.46 1.48 17.27 -82.73

4.41 7.22 44.56 44.56 8.10 89.65 89.65 8.47 31.15 31.15

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
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 Leukocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 24 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

ND VII 30-Oct-01 25 L1 Spleen 11.41 4.62 40.49 -59.51 25.90 226.99 126.99 18.80 72.59 -27.41

NS VII 15-Jan-02 29 L1 Spleen 4.33 0.83 19.17 -80.83 13.14 303.46 203.46 7.00 53.27 -46.73

KC VII 11-Jun-02 30 L1 Spleen 12.88 5.24 40.68 -59.32 20.66 160.40 60.40 14.23 68.88 -31.12

9.54 3.56 33.45 -66.55 19.90 230.29 130.29 13.34 64.91 -35.09

12.88 5.24 40.68 -59.32 25.90 303.46 203.46 18.80 72.59 -27.41

4.33 0.83 19.17 -80.83 13.14 160.40 60.40 7.00 53.27 -46.73

4.57 2.39 12.37 12.37 6.41 71.59 71.59 5.95 10.25 10.25

Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented deferiprone 36 weeks
Thalassemia Date Week Drug Spleen

Group BN sp sp+SOD  % %change PMA % %change PMA+SOD % %change

ND VIII 19-Feb-02 39 L1 Spleen 8.47 3.09 36.48 -63.52 14.49 171.07 71.07 10.52 72.60 -27.40

KC VIII 17-Dec-02 53 L1 Spleen 13.40 11.38 84.93 -15.07 23.04 171.94 71.94 20.02 86.89 -13.11

10.94 7.24 60.70 -39.30 18.77 171.51 71.51 15.27 79.75 -20.25

13.40 11.38 84.93 -15.07 23.04 171.94 71.94 20.02 86.89 -13.11

8.47 3.09 36.48 -63.52 14.49 171.07 71.07 10.52 72.60 -27.40

3.49 5.86 34.25 34.25 6.05 0.61 0.61 6.72 10.10 10.10

Average
Max
Min

Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr
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Nitric oxide in thalassemia patients/HbE before treatment

Group Date Week BN Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

PN I 7-Mar-00 _ Baseline S 120.00 1640.00 1366.67 1266.67 100.00 6.10 -93.90 700.00 42.68 -57.32

ND I 9-Mar-00 _ Baseline S 460.00 1040.00 226.09 126.09 200.00 19.23 -80.77 260.00 25.00 -75.00

MR I 27-Jun-00 _ Baseline NS 196.40 3026.00 1540.73 1440.73 300.00 9.91 -90.09 1790.00 59.15 -40.85

NS I 4-Jul-00 _ Baseline S 496.00 920.00 185.48 85.48 40.00 4.35 -95.65 602.00 65.43 -34.57

KC I 5-Jul-00 _ Baseline S 280.00 4140.00 1478.57 1378.57 272.00 6.57 -93.43 1272.00 30.72 -69.28

310.48 2153.20 959.51 859.51 182.40 9.23 -90.77 924.80 44.60 -55.40

496.00 4140.00 1540.73 1440.73 300.00 19.23 -80.77 1790.00 65.43 -34.57

120.00 920.00 185.48 85.48 40.00 4.35 -95.65 260.00 25.00 -75.00

163.55 1390.37 691.02 691.02 110.95 5.94 5.94 605.35 17.51 17.51Stdev

Average
Max
Min

NO, mV/106 leukocytes

Nitric oxide in thalassemia patients/HbE after treatmented bionormalizer 12 weeks

Group Date Week BN Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

PN II 27-Jun-00 12 BN S 576.00 1414.00 245.49 145.49 282.00 19.94 -80.06 674.00 47.67 -52.33

ND II 8-Aug-00 12 BN S 412.00 668.00 162.14 62.14 248.00 37.13 -62.87 466.00 69.76 -30.24

MR II 26-Sep-00 12 BN NS 120.00 940.00 783.33 683.33 100.00 10.64 -89.36 860.00 91.49 -8.51

NS II 3-Oct-00 12 BN S 180.00 740.00 411.11 311.11 208.40 28.16 -71.84 480.00 64.86 -35.14

322.00 940.50 400.52 300.52 209.60 23.97 -76.03 620.00 68.45 -31.55

576.00 1414.00 783.33 683.33 282.00 37.13 -62.87 860.00 91.49 -8.51

120.00 668.00 162.14 62.14 100.00 10.64 -89.36 466.00 47.67 -52.33

211.02 335.99 275.39 275.39 79.01 11.32 11.32 186.04 18.05 18.05

Min
Stdev

Average
Max

NO, mV/106 leukocytes
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Nitric oxide in thalassemia patients/HbE after wash out 1 month

Group Date Week BN Spleen sp arg % %change6 Mname+ % %change6 Mname+  % %change

PN III 25-Jul-00 _ Baseline S 678.00 2660.00 392.33 292.33 384.00 14.44 -85.56 760.00 28.57 -71.43

NS III 12-Sep-00 _ Baseline S 432.00 4020.00 930.56 830.56 190.00 4.73 -95.27 506.00 12.59 -87.41

555.00 3340.00 661.44 561.44 287.00 9.58 -90.42 633.00 20.58 -79.42

678.00 4020.00 930.56 830.56 384.00 14.44 -85.56 760.00 28.57 -71.43

432.00 2660.00 392.33 292.33 190.00 4.73 -95.27 506.00 12.59 -87.41

173.95 961.67 380.58 380.58 137.18 6.87 6.87 179.61 11.30 11.30

Max
Min

Stdev

Average

NO, mV/106 leukocytes
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Reactive oxygen species in thalassemia patients /HbE before treatment
Thalassemia Date Week Drug Spleen

Group BN sp PMA % %change

PN I 7-Mar-00 _ Baseline S 360.00 580.00 161.11 61.11

ND I 9-Mar-00 _ Baseline S 460.00 960.00 208.70 108.70

MR I 27-Jun-00 _ Baseline NS 219.80 372.80 169.61 69.61

NS I 4-Jul-00 _ Baseline S 352.00 712.00 202.27 102.27

KC I 5-Jul-00 _ Baseline S 1126.00 3510.00 311.72 211.72

503.56 1226.96 210.68 110.68

1126.00 3510.00 311.72 211.72

219.80 372.80 161.11 61.11

358.27 1293.92 60.06 60.06

Average
Max
Min

Stdev

ROS, mV/106leukocytes

Reactive oxygen species in thalassemia patients /HbE after treatmented bionormalizer 12 weeks
Thalassemia Date Week Drug Spleen

Group sp PMA % %change

PN II 27-Jun-00 12 BN S 99.80 273.60 274.15 174.15

ND II 8-Aug-00 12 BN S 220.00 648.00 294.55 194.55

MR II 26-Sep-00 12 BN NS 120.00 460.00 383.33 283.33

NS II 3-Oct-00 12 BN S 380.00 640.00 168.42 68.42

204.95 505.40 280.11 180.11

380.00 648.00 383.33 283.33

99.80 273.60 168.42 68.42

127.99 177.24 88.27 88.27

Average
Max
Min

Stdev

ROS, mV/106leukocytes
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Reactive oxygen species in thalassemia patients/HbE after wash out 1 month
Thalassemia Date Week Drug Spleen

Group BN sp PMA % %change

PN III 25-Jul-00 _ Baseline S 141.40 548.00 387.55 287.55

ND III 12-Sep-00 _ Baseline S 190.00 544.00 286.32 186.32

165.70 546.00 336.93 236.93

190.00 548.00 387.55 287.55

141.40 544.00 286.32 186.32

34.37 2.83 71.59 71.59

ROS, mV/106leukocytes

Average
Max
Min

Stdev
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Leukocytes superoxide anion in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

BC I 1-Mar-00 _ Baseline NS 5.17 2.09 40.43 -59.57 16.63 321.66 221.66 3.11 18.70 -81.30

JG I 4-Jul-00 _ Baseline NS 5.71 4.09 71.67 -28.33 10.23 179.17 79.17 7.90 77.21 -22.79

YC I 11-Jul-oo _ Baseline S 5.81 0.98 16.87 -83.13 10.21 175.73 75.73 2.82 27.62 -72.38

TS I 11-Jul-00 _ Baseline NS 10.26 4.67 45.52 -54.48 19.95 194.44 94.44 2.60 13.03 -86.97

SP 25-Oct-00 _ Baseline NS 16.80 4.90 29.18 -70.82 8.12 48.30 -51.70 4.95 61.00 -39.00

JC I 11-Jul-00 _ Baseline S 7.57 2.53 33.42 -66.58 12.63 166.84 66.84 5.40 42.76 -57.24

ST I 19-Jul-00 _ Baseline NS 11.83 0.90 7.65 -92.35 21.30 180.08 80.08 13.14 61.68 -38.32

SS I 19-Jul-00 _ Baseline S 22.94 5.93 25.83 -74.17 16.30 71.06 -28.94 5.14 31.53 -68.47

TM I 19-Jul-oo _ Baseline S 16.85 4.66 27.68 -72.32 12.61 74.86 -25.14 1.31 10.38 -89.62

TL I 19-Jul-00 _ Baseline S 11.59 0.71 6.16 -93.84 15.92 137.37 37.37 8.93 56.05 -43.95

SQ I 25-Jul-00 _ Baseline S 6.52 4.14 63.50 -36.50 15.14 232.12 132.12 10.66 70.44 -29.56

OP I 5-Sep-00 _ Baseline I NS 14.76 10.92 74.03 -25.97 15.49 105.00 5.00 11.14 71.89 -28.11

CC I 18-0ct-00 _ Baseline NS 13.71 2.17 15.83 -84.17 10.55 76.95 -23.05 2.59 24.55 -75.45

SR I 18-0ct-00 _ Baseline NS 4.93 2.28 46.38 -53.62 6.74 136.71 36.71 0.45 6.71 -93.29

VP I 18-0ct-00 _ Baseline NS 8.01 5.08 63.42 -36.58 11.82 147.57 47.57 3.68 31.13 -68.87

KP I 25-Oct-00 _ Baseline NS 8.95 3.97 44.41 -55.59 11.26 125.80 25.80 0.81 7.19 -92.81

PW I 25-Oct-00 _ Baseline NS 14.67 5.27 35.92 -64.08 17.05 116.22 16.22 7.16 41.99 -58.01

KK I 29-Nov-00 _ Baseline NS 12.60 7.26 57.62 -42.38 15.18 120.48 20.48 7.43 48.95 -51.05

PM I 6-Feb-00 _ Baseline NS 13.83 8.09 58.52 -41.48 25.09 181.41 81.41 8.69 34.63 -65.37

CM I 6-Feb-00 _ Baseline NS 10.84 8.83 81.46 -18.54 44.69 412.27 312.27 11.27 25.22 -74.78

YW I 6-Feb-00 _ Baseline NS 27.05 8.93 33.01 -66.99 40.30 148.98 48.98 16.17 40.12 -59.88

SS I 10-Apr-01 _ Baseline NS 13.40 11.04 82.39 -17.61 39.50 294.78 194.78 0.00 0.00 -100.00

W I 18-Apr-01 _ Baseline NS 21.92 16.16 73.72 -26.28 28.32 129.21 29.21 11.47 40.50 -59.50

STo I 18-Sep-01 _ Baseline S 11.66 6.64 56.95 -43.05 21.37 183.28 83.28 3.19 14.93 -85.07

AP I 16-Oct-01 _ Baseline NS 10.69 2.48 23.20 -76.80 21.94 205.24 105.24 12.99 59.21 -40.79

12.32 5.39 44.59 -55.41 18.73 166.62 66.62 6.52 36.70 -63.30

27.05 16.16 82.39 -17.61 44.69 412.27 312.27 16.17 77.21 -22.79

4.93 0.71 6.16 -93.84 6.74 48.30 -51.70 0.00 0.00 -100.00

5.66 3.71 22.90 22.90 10.07 82.11 82.11 4.56 22.31 22.31Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min



Napaporn  Limpitisathaporn                                                                                               Appendix  / 164 

 

 

 

 

 

 

 

 

 

 

 

 

 

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented  L1 12 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

JG II 29-Nov-00 12 L1 NS 9.57 8.52 89.03 -10.97 16.54 172.83 72.83 7.52 45.47 -54.53

YC II 23-Jan-01 16 L1 S 10.33 6.90 66.82 -33.18 18.37 177.88 77.88 5.07 27.59 -72.41

TS II 20-Nov-00 12 L1 NS 15.14 10.28 67.90 -32.10 16.99 112.22 12.22 8.54 50.26 -49.74

SP II 18-Apr-01 12 L1 NS 17.20 12.77 74.21 -25.79 46.30 269.18 169.18 12.50 26.99 -73.01

JC II 23-Jan-01 16 L1 S 7.59 5.64 74.29 -25.71 12.76 168.03 68.03 5.07 39.74 -60.26

ST II 27-Mar-01 22 L1 NS 12.33 7.93 64.28 -35.72 22.54 182.82 82.82 8.85 39.28 -60.72

SS II 9-May-01 28 L1 S 4.95 2.47 49.90 -50.10 17.07 344.85 244.85 11.96 70.06 -29.94

TM II 27-Mar-01 12 L1 S 8.43 7.21 85.59 -14.41 22.87 271.46 171.46 3.76 16.44 -83.56

TL II 30-Jan-01 16 L1 S 13.41 5.07 37.81 -62.19 29.18 217.65 117.65 18.25 62.56 -37.44

VP II 4-Apr-01 12 L1 NS 7.28 3.28 45.10 -54.90 4.14 56.87 -43.13 1.38 33.33 -66.67

KK II 20-Mar-01 26 L1 NS 10.23 7.40 72.34 -27.66 12.83 125.42 25.42 9.33 72.72 -27.28

CM II 28-Aug-01 18 L1 NS 13.80 8.45 61.23 -38.77 15.10 109.42 9.42 12.02 79.60 -20.40

YW II 10-Apr-01 0 L1 NS 11.31 5.12 45.26 -54.74 18.54 164.00 64.00 7.26 39.15 -60.85

W II 7-Aug-01 12 L1 NS 6.13 2.15 35.06 -64.94 8.38 136.72 36.72 0.41 4.91 -95.09

STo II 22-Jan-02 14 L1 S 5.95 2.93 49.24 -50.76 11.73 197.14 97.14 6.26 53.37 -46.63

AP II 12-Feb-02 14 L1 NS 12.92 9.92 76.78 -23.22 18.59 143.89 43.89 3.78 20.33 -79.67

10.55 6.66 62.06 -37.94 18.69 179.24 79.24 7.99 43.44 -56.56

17.20 12.77 89.03 -10.97 46.30 344.85 244.85 18.25 79.60 -20.40

4.95 2.15 35.06 -64.94 4.14 56.87 -43.13 0.41 4.91 -95.09

3.55 2.97 17.05 17.05 10.06 75.93 75.93 4.78 21.80 21.80

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
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Leukocytes superoxide anion in thalassemia patients/HbE after treatmented L1 24 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

YC III 15-May-01 28 L1 NS 8.30 6.90 83.13 -16.87 17.80 214.46 114.46 5.17 29.04 -70.96

TS III 20-Mar-01 24 L1 S 18.85 12.28 65.15 -34.85 21.21 112.50 12.50 9.14 43.10 -56.90

JC III 13-Mar-01 25 L1 NS 11.42 5.04 44.12 -55.88 22.35 195.64 95.64 18.97 84.88 -15.12

JG III 14-Aug-01 30 L1 NS 16.50 6.66 40.37 -59.63 20.40 123.65 23.65 6.09 29.86 -70.14

TL III 1-May-01 29 L1 S 17.99 11.09 61.64 -38.36 19.59 108.86 8.86 14.49 74.00 -26.00

SP III 6-Nov-01 20 L1 NS 11.21 2.05 18.29 -81.71 24.25 216.32 116.32 16.85 69.48 -30.52

TM III 3-Jul-01 24 L1 S 8.43 3.20 37.93 -62.07 12.56 149.00 49.00 9.29 74.01 -25.99

VP III 27-Mar-01 24 L1 S 2.67 0.81 30.36 -69.64 27.35 1026.12 926.12 11.26 41.17 -58.83

YW III 30-Oct-01 24 L1 NS 12.35 0.57 4.62 -95.38 26.94 218.14 118.14 12.97 48.14 -51.86

W III 26-Jun-01 24 L1 NS 12.85 5.33 41.47 -58.53 14.18 110.37 10.37 0.00 -0.02 -100.02

SS III 27-Aug-02 36 L1 S 8.50 5.02 59.06 -40.94 14.49 170.47 70.47 13.07 90.20 -9.80

ST III 27-Mar-01 22 L1 NS 12.33 7.93 64.28 -35.72 22.54 182.82 82.82 8.85 39.28 -60.72

KK III 9-May-01 28 L1 S 4.95 2.47 49.90 -50.10 17.07 344.85 244.85 11.96 70.06 -29.94

YW III 20-Mar-01 26 L1 NS 10.23 7.40 72.34 -27.66 12.83 125.42 25.42 9.33 72.72 -27.28

STo III 19-Mar-02 32 L1 NS 7.96 3.53 44.35 -55.65 29.96 376.38 276.38 13.38 44.66 -55.34

10.97 5.35 47.80 -52.20 20.23 245.00 145.00 10.72 54.04 -45.96

18.85 12.28 83.13 -16.87 29.96 1026.12 926.12 18.97 90.20 -9.80

2.67 0.57 4.62 -95.38 12.56 108.86 8.86 0.00 -0.02 -100.02

4.50 3.45 20.71 20.71 5.46 230.55 230.55 4.75 24.87 24.87

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Stdev

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented L1 36 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

JG IV 6-Nov-01 51 L1 NS 5.95 3.17 53.28 -46.72 19.25 323.53 223.53 13.85 71.95 -28.05

JC IV 25-Sep-01 50 L1 Spleen 9.21 3.93 42.67 -57.33 17.68 191.97 91.97 12.69 71.78 -28.22

TL IV 25-Sep-01 50 L1 Spleen 17.45 2.40 13.75 -86.25 28.10 161.03 61.03 4.07 14.48 -85.52

W IV 19-Mar-02 44 L1 NS 5.78 2.86 49.48 -50.52 14.28 247.06 147.06 7.04 49.30 -50.70

SS IV 6-Nov-01 51 L1 S 11.64 1.57 13.49 -86.51 22.75 195.45 95.45 12.42 54.59 -45.41

CM IV 13-Aug-02 53 L1 Spleen 15.99 7.58 47.40 -52.60 21.42 133.96 33.96 19.24 89.82 -10.18

AP IV 12-Mar-02 46 L1 NS 8.35 6.74 80.72 -19.28 13.99 167.54 67.54 9.47 67.69 -32.31

YW IV 3-Sep-02 42 L1 NS 8.69 6.14 70.66 -29.34 14.61 168.12 68.12 9.59 65.64 -34.36

10.38 4.30 46.43 -53.57 19.01 198.58 98.58 11.05 60.66 -39.34

17.45 7.58 80.72 -19.28 28.10 323.53 223.53 19.24 89.82 -10.18

5.78 1.57 13.49 -86.51 13.99 133.96 33.96 4.07 14.48 -85.52

4.35 2.22 23.87 23.87 4.95 60.35 60.35 4.61 22.28 22.28

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Stdev
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Leukocytes superoxide anion in thalassemia patients/HbE after treatmented L1 48 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

JG V 12-Feb-02 65 L1 NS 10.90 7.95 72.94 -27.06 15.18 139.27 39.27 11.42 75.23 -24.77

YC V 20-Nov-01 58 L1 Spleen 84.32 65.90 78.15 -21.85 99.79 118.35 18.35 86.96 87.14 -12.86

SS V 20-Nov-01 58 L1 Spleen 12.70 12.55 98.82 -1.18 75.90 597.64 497.64 14.76 19.45 -80.55

VP V 5-Mar-02 64 L1 Spleen 13.85 9.66 69.75 -30.25 16.95 122.38 22.38 14.14 83.42 -16.58

SP V 12-Feb-02 56 L1 NS 14.74 9.87 66.96 -33.04 19.62 133.11 33.11 14.51 73.96 -26.04

TM V 19-Feb-02 66 L1 Spleen 13.02 2.95 22.66 -77.34 17.26 132.57 32.57 15.28 88.53 -11.47

CM V 12-Mar-02 61 L1 NS 9.47 8.16 86.17 -13.83 12.92 136.43 36.43 10.81 83.67 -16.33

AP V 5-Mar-01 57 L1 Spleen 14.57 6.28 43.10 -56.90 23.85 163.69 63.69 16.61 69.64 -30.36

JC V 4-Jun-02 58 L1 NS 14.11 7.38 52.30 -47.70 17.49 123.95 23.95 9.64 55.12 -44.88

TL V 17-Dec-02 56 L1 NS 15.90 13.88 87.30 -12.70 21.47 135.03 35.03 19.47 90.68 -9.32

KK V 19-Feb-02 68 L1 NS 13.26 5.19 39.14 -60.86 17.71 133.56 33.56 15.64 88.31 -11.69

19.71 13.62 65.21 -34.79 30.74 176.00 76.00 20.84 74.10 -25.90

84.32 65.90 98.82 -1.18 99.79 597.64 497.64 86.96 90.68 -9.32

9.47 2.95 22.66 -77.34 12.92 118.35 18.35 9.64 19.45 -80.55

21.50 17.62 23.35 23.35 28.88 140.34 140.34 22.10 20.98 20.98

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
Min

Stdev

Leukocytes superoxide anion in thalassemia patients/HbE after treatmented L1 56 weeks
Thalassemia Date Week Drug Spleen

Group L1 sp sp+SOD % %change PMA % %changePMA+SOD % %change

JC VI 12-Mar-02 74 L1 Spleen 6.28 3.67 58.44 -41.56 10.78 171.66 71.66 7.71 71.52 -28.48

TL VI 12-Mar-02 74 L1 Spleen 5.43 4.40 81.03 -18.97 9.38 172.74 72.74 6.85 73.03 -26.97

TS VI 12-Feb-02 73 L1 NS 15.52 7.78 50.13 -49.87 34.58 222.81 122.81 14.78 42.74 -57.26

CM VI 24-Sep-02 70 L1 NS 4.83 2.52 52.17 -47.83 12.40 256.73 156.73 8.09 65.24 -34.76

8.02 4.59 60.44 -39.56 16.79 205.98 105.98 9.36 63.13 -36.87

15.52 7.78 81.03 -18.97 34.58 256.73 156.73 14.78 73.03 -26.97

4.83 2.52 50.13 -49.87 9.38 171.66 71.66 6.85 42.74 -57.26

5.04 2.26 14.17 14.17 11.93 41.40 41.40 3.65 14.01 14.01

Min
Stdev

    O2
- in Leukocytes, O2

-nmol/106/1hr

Average
Max
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Nitric oxide in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen NO, mV/106 leukocytes

Group L1 sp arg % %change 0.6 Mname+arg % %change 0.06 Mname+arg % %change

BC I 1-Mar-00 _ Baseline NS 178.00 920.00 516.85 416.85 152.00 0.42 -99.58 456.00 1.25 -98.75

JG I 4-Jul-00 _ Baseline NS 251.40 896.26 356.51 256.51 134.58 0.37 -99.63 265.42 0.72 -99.28

YC I 11-Jul-oo _ Baseline S 921.82 4036.36 437.87 337.87 549.09 13.60 -86.40 774.55 19.19 -80.81

TS I 11-Jul-00 _ Baseline NS 778.00 814.00 104.63 4.63 234.00 0.64 -99.36 516.00 1.41 -98.59

SP I 25-Oct-00 _ Baseline NS 658.97 1770.51 268.68 168.68 203.85 0.55 -99.45 393.59 1.07 -98.93

JC I 11-Jul-00 _ Baseline S 398.00 860.00 216.08 116.08 276.00 0.75 -99.25 302.00 0.82 -99.18

ST I 19-Jul-00 _ Baseline NS 490.00 1928.00 393.47 293.47 304.00 0.83 -99.17 738.00 2.01 -97.99

SS I 19-Jul-00 _ Baseline S 702.00 2696.00 384.05 284.05 500.00 1.36 -98.64 670.00 1.82 -98.18

TM I 19-Jul-oo _ Baseline S 492.00 1596.00 324.39 224.39 332.00 20.80 -79.20 368.00 23.06 -76.94

TL I 19-Jul-00 _ Baseline S 816.00 3254.00 398.77 298.77 182.00 0.50 -99.50 982.00 2.67 -97.33

SQ I 25-Jul-00 _ Baseline S 312.00 3704.00 1187.18 1087.18 172.00 0.47 -99.53 320.00 0.87 -99.13

OP I 5-Sep-00 _ Baseline NS 426.09 5956.52 1397.96 1297.96 404.35 1.10 -98.90 543.48 1.48 -98.52

CC I 18-0ct-00 _ Baseline NS 194.00 2560.00 1319.59 1219.59 186.00 7.27 -92.73 216.00 8.44 -91.56

SR I 18-0ct-00 _ Baseline NS 286.36 3022.73 1055.56 955.56 250.00 8.27 -91.73 279.55 9.25 -90.75

493.19 2429.60 597.26 497.26 277.13 4.07 -95.93 487.47 5.29 -94.71

921.82 5956.52 1397.96 1297.96 549.09 20.80 -79.20 982.00 23.06 -76.94

178.00 814.00 104.63 4.63 134.58 0.37 -99.63 216.00 0.72 -99.28

244.42 1489.68 439.19 439.19 128.87 6.28 6.28 228.67 7.28 7.28Stdev

Average
Max
Min
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Reactive oxygen species in thalassemia patients/HbE before treatment
Thalassemia Date Week Drug Spleen

Group L1 sp PMA % %change

BC I 1-Mar-00 _ Baseline NS 310.00 400.00 129.03 29.03

JG I 4-Jul-00 _ Baseline NS 239.25 1244.86 520.31 420.31

YC I 11-Jul-oo _ Baseline S 1087.27 1618.18 148.83 48.83

TS I 11-Jul-00 _ Baseline NS 876.00 1394.00 159.13 59.13

SP I 25-Oct-00 _ Baseline NS 739.74 2679.49 362.22 262.22

JC I 11-Jul-00 _ Baseline S 526.00 724.00 137.64 37.64

ST I 19-Jul-00 _ Baseline NS 296.00 486.00 164.19 64.19

SS I 19-Jul-00 _ Baseline S 136.00 1148.00 844.12 744.12

TM I 19-Jul-oo _ Baseline S 474.00 500.00 105.49 5.49

TL I 19-Jul-00 _ Baseline S 874.00 982.00 112.36 12.36

SQ I 25-Jul-00 _ Baseline S 252.00 602.00 238.89 138.89

OP I 5-Sep-00 _ Baseline I NS 421.74 504.35 119.59 19.59

CC I 18-0ct-00 _ Baseline NS 140.00 1000.00 714.29 614.29

SR I 18-0ct-00 _ Baseline NS 197.73 211.36 106.90 6.90

469.27 963.87 275.93 175.93

1087.27 2679.49 844.12 744.12

136.00 211.36 105.49 5.49

308.66 644.41 244.22 244.22

Average
Max
Min

Stdev

ROS, mV/106leukocytes
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