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Abstract: 

Background: Hepcidin-25 is a peptide hormone found as 

preprohormone (84 amino acids) prohormone (60 amino acids) and 

hormone (25 amino acids) synthesis in the liver and regulated the entry 

of iron into the circulation in mammals. 

The objective: This study aimed to determine hemoglobin, packed cell 

volume and evaluation of hepcidin-25, serum iron, total iron bending 

capacity, transferin % and ferritin for Iraqi child patients with β-

thalassaemia intermedia before and after blood transfusion, other aim is 

to study the relationship between hepcidin-25, serum iron, total iron 

bending capacity, transferring% and ferritin for patients group also to 

find the relationship between hepcidin-25 and frequent number of the 

blood transfusion in those patients were studied to predict effect of 

blood transfusion on hepcidin-25 levels for all patients groups. 

Methods: Eighty Iraqi child patients were enrolled from Ibn albalady 

hospital during the period from (1 Oct. 2017) to (1 April 2018) the age 

range (6-12) years that divided into 3 clans as follows forty samples 

(twenty female and twenty male) before blood transfusion as clan1, 40
th
 

samples of same patients (twenty female and twenty male) after blood 

transfusion as clan 2 and forty healthy individual (twenty female and 

twenty male) as clan 3. in the present study hemoglobin  and packed cell 

volume was measured automatically, while hepcidin-25 and ferritin 

level was measured by using enzyme immune sorbent kit, but serum 

iron and total iron bending capacity was measured by photometric 

methods as well as transferrin percent was calculated by divided serum 

iron on total iron bending capacity.  

Results: the results of the present study showed highly significant 

decrease in hemoglobin and packed cell volume for patients clans before 

and after blood transfusion compared with control male and female 

clans, also high significant increase for hepcidin-25 levels in the clans 

male and female patients compared with control group, but we show 

highly significant increase for transferin % for male and female patients 

when compared with control group, by the same way we show highly 

significant decrease in serum ferritin for patients clan when compared 

with control, while serum iron was showed highly significant decrease 

for patients clan when compared with control, but we show non-

significant for total iron bending capacity when compared with control. 

Conclusion: From this study it appeared hemoglobin and packed cell 

volume as highly effected by blood transfusion as well as iron 



absorption mainly affected by hepcidin-25 level so that hepcidin-25 

level was significant change in thalassaemia intermedia for Iraqi 

children patients after blood transfusion this versus significant increase 

of serum iron and lead to iron overload with increase iron storage 

(ferritin) because blood uptake, but non-significant in transferrin or total 

iron bending capacity respectively.   
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Chapter one 

Introduction and Litratures Review  



Introduction and literatures review: 

1-1Thalassaemias: 

         Refers to a cluster of blood illnesses characterized via low or 

deficient creation of regular globin manacles
[1]

. Depending on the series 

whose creation is harmed  such as α‒, β‒, ɣ‒, σ‒ or ԑɣσβ. Mainly  

thalassaemias are inherit at the same time as recessive  behavior. These 

crucial quantitative defects are no longer tightly differentiate via the 

structural alternates formed  by the side of condensed  rate [such as HbE   

and Hb lepore]. Starting   a scientific  point of observation, the most types 

are α- and β-thalassaemias, decrease one of the two types of polypeptide 

manacles [α or β] that form regular haemoglobin particle [HbA, α2β2].
[2] 

study in thalassaemia, which comprise a chief problem in the countries in 

the region of the Mediterranean sea, the middle east -and the trans-

Caucasus, India and faraway East
[3]

. The most hauler regularity of β-

thalassaemia was reported inside Maldives  [18%], Cyprus   [14%], 

Sardinia,  [10.3%] and Southeast,  Asia [3-5%]
[ 4]

. Because  the regularity 

in these regions is mainly liable associated to the discriminating stress 

from plasmodium falciparum malaria. So that, population   migration and 

intermarriage between, different ethnic groups has introduced 

thalassaemia in almost every country of α-talassaemia
[5]

.  
 

Often, heterozygotes of either α- or β-thalassaemia   asymptomatic and do 

not need treatment
[6]

. relations of thalassaemia  and matching 

haemoglobinopathies  e.g. hemoglubin E [Hb E], hemoglobin C [Hb C] 

or hemoglobin S [HbS], through β-thalassaemia   or hemoglobin stable 

helix [Hb CS] with α-thalassaemia  in addition to give increase to varies 

thalassaema syndromes
[7]

.Depend cruelty and transfusion necessity, these 

thalassaemia syndromes can be classify phenotypically addicted to two 

major groups: 

A- Transfusion  dependent thalassaemia [TDTs] 

B- Non -transfusion  dependent thalassaemia [NTDTs]. Like  exposed 

in form (1-1)
 [8]

. 



Figure (1-1).Phenotypic thalassaemia arrangement syndromes depend on 

experimental harshness and transfusion necessity
[8]

. 

 

The TDTs need standard blood transfusion to carry on so lacking 

sufficient causes experience more than a few complications and a 

diminutive verve span
[9]

.This group consists of patient with β-

thalassaemia major; sever Hb E / β-thalassaemia, while the group of 

NTDT patient include β-thalassaemia intermedia, Hb E /β-thalassaemia 

and Hb H disease
[10]

.
 

1-2HaemoglobinTypes: 

     Oxygen was carried to the tissues from the lungs via the exceedingly 

specialized protein particle, haemoglobin inside the red compartments of 

the blood, that was exist located all red blood compartment holds 

approximately 300 million molecules of this protein, totally a propos 30 

picograms in mass for every cell
[11]

.Every one fragment of haemoglobin 

was created via two pairs of matching sub-unit; globin manacles are 

named with the letter of the Greek alphabet and fit in two groups: the α-

globin brush consists the ζ- then α-globin chains, yet the β-globin cluster, 

comprising the globin chains ε, γ, β yet δ toughness as shown in figure 

(1-2)
[12]

. 



 

Figure (1-2). Hemoglobin structure
[12]

.  

In fact, the globin chains exhibit sequentially at some stage in ontogeny 

and, below coupling, the following 4 majors’ sorts over haemoglobin:
 

1- "embryonic" haemoglobins, was once produced detectable beyond 

the 3rd after the 10th sennight over gestation or show up ζ2ε2 [Hb 

Gower 1], α2ε2 [Hb Gower 2], ζ2γ2 [Hb Portland 1]; and ζ2β2 

tetramers [Hb Portland 2]; 

2- "foetal" haemoglobin [Hb F], constitutes the lordly oxygen 

provider at some stage in pregnancy and is α2γ2 molecule; 

3- "adult" haemoglobin [Hb A α2β2], alternative Hb F rapidly below 

birth; 

4- A minor adult component, Hb A2 [α2δ2]. 

The specific haemoglobin species were manufactured yet give up at 

definitive duration concerning ethnic improvement is acknowledged 

namely "haemoglobin switching" as like proven of figure (1-2)
[13]

. The 

pink blood cells concerning the adult ethnic consist approximately 97-

98% concerning Hb A, 2-3% about Hb A2 or traces on Hb F
[14]

.
 



Figure (1-3). Globin blend by different phase of nascent, foetal and 

mature erythroid improvement
[14]

.   

In adult life, the globin synthesis are occur in the erythroblast in the bone 

marrow
[15]

.Globin chains have the repair structure and be strip in such a 

way that the number of α-chains should exactly match that of the β-

chains
[16]

.  

 
 

1-3 β-thalassaemia: 

1-3-1  Phenotypic heterogeneity: 

      β-thalassaemia consist regarding 3 main forms: thalassaemia primary 

alternative called "cooley's Anaemia" or "Mediterranean durability 

Anaemia", thalassaemia intermedia or thalassaemia minor also 

neumerous termed "β-thalassaemia carrier", "β-thalassaemia trait" yet 

"heterozygous β-thalassaemia"
[17]

. Apart from the rare magistral forms, 

problem along β-thalassaemia essential are homozygotes or made 

heterozygotes because B
0
 and B

+
 genes, problem including thalassaemia 

intermedia are typically homozygotes and compound heterozygotes then 

subjected with thalassaemia minor are broadly speaking heterozygotes
[18]

.
 

1-3-2 Pathophysiology: 

      The principle error about β-thalassaemia is a humbled yet default 

manufacturing regarding β-globin chains together with extend of α-globin 

chains. This is propulsion to reduce on the haemoglobin manufacturing 

and an imbalance about the globin band synthesis
[19]

. As nicely as, 

propulsion according to a discount over predominant carrier haemoglobin 



and predominant  carrier volume, yet motives minor clinical significance. 

Then has dramatic impact of the purple cell carrier precursors, finally 

ensuing sizeable premature blasting into the bone brother and within the 

extramedullary sites. This procedure was once indicate in conformity 

with so "ineffective erythropoiesis" and is the note on β-thalassaemia
[20]

. 

Peripheral haemolysis take part in conformity with anaemia is much less 

distinguished between thalassaemia foremost than between thalassaemia 

intermedia, then dwell now insoluble α-globin chains incourage 

membrane injury to the peripheral erythrocytes
[21]

. The response in 

imitation of ineffective erythropoiesis and anaemia is an enlarge creation 

of erythropoietin, causing erythroid hyperplasia, which, between turn, 

might also cause skeletal deformities, osteoporosis, or every now and 

then extramedullary masses, or fit to splenomegaly, hence untreated then 

undertreated thalassaemia most important sufferers bear retarded increase 

so a result on anaemia and the increase metabolic indebtedness imposed 

by erythroid expansion, additionally anaemia may additionally stay 

motive cardiac enlargement including severe cardiac failure
[22]

. 

Ineffective erythropoiesis was related together with elevated iron 

absorption, which region generally beyond multiplied inner attention over 

blood appropriate in conformity with need regarding hepcidin-25,[ a 25- 

amino sour taste peptide shaped by way of hepatocytes up to expectation 

play a biovital role among the law on iron homeostasis
[23]

. Figure (1-

3)illustrated pathophysiology of β-thalassaemia and effect of excessive of 

free α-globin chain
 

 



Fegure(1-4). Achieves of overindulgence creation of liberated α-globin 

manacles within β-thalassaemia
[24]

. 

Imbalance of globin band was once monitoring by way of the 

characteristic of the mutation on the B gene. B0 potential ultima non-

appearance about manufacturing over β-globin over the affected allele
[24]

. 

B+ point according to alleles with some other production on β-globin 

(around 10%). While among B++ the discount was very mild
[25]

.
 

1-3-3 Clinical diagnosis: 

       The endeavor of the everyday B gene on the allelic chromosome 

conduct in imitation of adequate steady globin, underneath everyday 

satuation, β-thalassaemia consumption has no necessary scientific 

effects
[26]

. Clinical signs concerning β-thalassaemia principal commonly 

show up within 6 and 24 months including detruncate microcytic 

anaemia, slight jaundice, then hepatosplenomegaly
[27]

. Affected babies 

fail in accordance with grow then turn out to be steadily pale
[28]

. Feeding 

problems, irritability, popular bouts of fever fit in accordance with 

hypermetabolic regime or inter-current infection, and modern 

enlargement of the abdomen appropriate in conformity with plant then 

liver enlargement may occur
[29]

. Therefore, if a chronic spread no longer 

started, patients with thalassaemia primary normal die into the first few 

years on life
[30]

.  

β-thalassaemia intermedia should keep discernible between character 

whosoever current at another in the past along comparable but milder 

scientific symptoms
[31]

. At the server stop on the medical parameters, 

patients present between the a while yet years among spite the fact that 

even though she are capable concerning the surviving except normal gore 

transfusion, growth and gradual development are retarded. At the quit 

sufferers any are totally signs until grown-up existence together with only 

moderate anaemia
[32]

. Hypertrophy on erythroid match including the 

possible concerning extramedullary hematopoiesis [EMH] is common
[33]

. 

And propulsion according to deformities regarding the skeleton or face, 

osteoporosis fractures over lengthy bone yet form of erythropoietic loads 

as affect the spleen, liver, lymph nodes, booking or spine, hence so 

growth over the shrub primary position over the clearing damaged red 

cells out of bloodstream
[34]

.While in haemosidrosis is secondary to the 

chronic transfusion,β-thalassaemia major person with β-thalassaemia 

intermedia suffering from iron excess secondary to enlarged intestinal 

iron absorption
[35]

.
 

 



1-3-4 Haemtologic diagnosis: 

       Heterozygous provider concerning β-thalassaemia, usually a mangy 

paltry mobile haemoglobin [MCH], paltry mangy mobile volume [MCV], 

yet multiplied level of Hb A2, additionally may additionally lie 

associated including mangy regular or barely subnormal haemoglobin 

levels
[36]

. Peripheral blood point show much less extreme erythrocyte 

morphologic adjustments than affected folks then erythroblasts are 

typically not seen
[37]

. β-thalassaemia foremost is characterized through 

decreases haemoglobin level [<7 g/dl], MCV >50 or <70 femtoliter [fL] 

yet MCH >12 then <20pg. thalassaemia intermedia is characterized by 

Hb degree of (7-10) g/dl, MCV into 50 then eighty fL and MCH in 

sixteen and 24 pg. a person with thalassaemia show microcytosis, 

hypochromia, anisocytosis, poikilocytosis, target cells and 

erythroblasts
[38]

.So the number of erythroblasts is relationship with the 

degree of anaemia and is indicator to increase after 

splenectomy
[39]

.Generally, it odd crimson blood mobile morphology and 

characteristic quantity amongst extraordinary kinds regarding 

thalassaemia omen also interaction with haemoglobin duplicate certain so 

HbE/β-thalassaemia
[40]

.
 

 

 

1-3-5 Qualitative and quantitative haemoglobin analysis: 

      The methods that use for qualitative and quantative analysis depend 

on cellulose acetate electrophoresis or capillary electrophoresis [CE] yet 

DE-52 microchromatography or high-pressure thinned chromatography 

[HPLC] distinguish the total yet type regarding haemoglobin present
[41]

.  

In B0 thalassaemia homozygotes, HbA is inexistent or HbF composed the 

92-95% of the quantity Hb. So in B+ thalassaemia homozygotes yet 

B+/B0 genetic compounds HbA tiers are in 10-30% whilst HbF in 70-

90%
[42]

. HbA2 is alternative within β-thalassaemia homozygotes or it is 

enlarge among β-thalassaemia minor
[43]

. HbF may keep realize with the 

aid of acid elusion test [F-cell staining] or alkali denaturation
[44]

.
 

1-4 α-Thalassaemia: 

        α-Thalassaemia are hereditary world characterized by lowered then 

inhibited manufacturing about α-globin chains, hence that the human α-

globin genes are duplicated then positioned between the telemetric give 

up on the brief part regarding chromosome 16
[45]

. α-thalassaemia was 



once begotten by way of deletions on large DNA bit up to expectation 

contain some yet both α-globin stability genes
[46]

.
 

1-4-1 Silent carrier state:  

          The arrival over the unaccompanied α-globin deletion or deletional 

α+-thalassaemia end result into the irresponsive carrier state
[47]

. 

Heterozygotes of some α-gene missing are no longer anaemic then bear 

ordinary red gore mobile induced. Two principal types over it deletional 

α+-thalassaemia; 3.7 then 4.2 kb-deletions, are extensively extent 

throughout the globin were been perceive too into the population in the 

pacific
[48]

.
 

1-5 Epidemiology of NTDT: 

          Exist inherited haemoglobin disorder primarily low- or middle- 

income countries over the tropical facia stretching from sub-Saharan 

Africa, into the Mediterranean region then the Middle East, in imitation 

of South yet Southeast Asia
[49]

. This is fit in imitation of excessive 

frequency over consanguineous marriages into these areas therefore 

conferred resistance over carriers in imitation of extreme varieties of 

malaria into areas the place the contamination has been yet is nonetheless 

prevalent. Therefore, enhancements of community health standards into 

these areas bear enhance uplift concerning affected patients. Ultimately, 

persisted migration has significantly multiplied the each on these ailments 

of high, multiethnic cities between Europe yet North United States of 

America.
[49] 

 

1-6 β-Thalassaemia intermedia: 

          Patients including β-thalassaemia intermedia, essential modifier of 

phenotype is the wide variety mutations so much have an effect on the β-

globin gene among the homozygous then made-up heterozygous state
[50]

. 

stability the thoroughness from moderate planter mutations appropriate in 

imitation of slight minimize of β-globin band production according to the 

deep different mutations as end result in the β0-thalassaemias; up to 

expectation is, a completed non-appearance concerning β-globin band 

synthesis. Deletions of the β-globin gene are rare
[51]

. The range 

concerning mutations yet consonant variable degree on α/β-globin band 

imbalance yet asleep erthropoiesis are the principal determined because 

milder anaemia then phenotype into β-thalassaemia intermedia than β-

thalassaemia major
[52]

. Secondary modifiers are worried at once into 

modifying the quantity over α\β-globin band imbalance thoroughgoing 



coinheritance on exceptional molecular forms on α-thalassaemia, 

extended issue of α-hemoglobin stabilizing proton, yet effective harmony 

of γ-chains among grown-up life
[53]

. Several genes bear been open as 

ought to modify γ-chain manufacturing yet raise phenotype, some about 

to them encoded among the β-globin gene cluster, others are among 

exclusive chromosomes
[54]

. While tertiary modifiers contain 

polymorphisms up to expectation are not related according to globin band 

manufacturing but may additionally hold an improve impact regarding 

specific problems on the disorder as (iron absorption, bilirubin 

metabolism, bone metabolism, cardiovascular diseas, or susceptibility in 

conformity with infection) 
[55]

 Therefore, β-thalassaemia intermedia may 

additionally also result beyond outcome manufacturing about α-globin 

chains via triplicated and quadruplicated α-genotype associated including 

β-heterozygosity
56

. Longevity blood less commonly, a single β-globin 

location is affect, the lousy life totally normal, consequently β-

thalassaemia intermedia is dominantly inherited
[57]

. Table (1-1); provide 

an explanation for frequent genotypes government in imitation of β-

thalassaemia intermedia toughness phenotype
[58]

. 
 

Table (1-1), illustrated the genotype phenotype associations in β-

thalassaemia
[58]

.     

 

 

1-7 Iron overload: 

        Iron overload happened when iron intake increased over period; 

result from purple blood  carrier transfusions or increased iron absorption 

through gastrointestinal [GI] tract
[59]

. Both about them occur into 



thalassaemia, whith gore advancement remedy start the predominant 

motive over iron overload into thalssaemia most important then 

multiplied GI intentness wight extra vital within non-transfusion 

established thalassaemia [NTDT] 
[60]

. But thalassaemia essential sufferers 

get hold of everyday gore transfusion, blood overload is passed off due to 

the fact the ethnical physique lacks a mechanism according to excerpt 

extra iron
[61]

. Iron derivative is toxic in conformity with deep tissues, 

propulsion after guts failure, cirrhosis, liver cancer, boom retardation yet 

multiple endocrine abnormalities
[62]

.  

In fact, on metal overload, metal fear beside cells is limit by way of 

interaction concerning transferrin including its receptor, exactly of pink 

cell precursors, hepatocytes then sharing cells
[63]

. While into iron 

overload, transferrin turns into saturated and so much blood species up to 

expectation are not bound after transferrin are existing among plasma 

[plasma non-transferrin sure iron yet [NTBI]
[64]

. The division on NTBI 

uptake is major exclusive out of transferrin uptake, consequently contain 

calcium channels. Therefore, ingredient injury in transfusion iron 

overload displays the sample of art iron fright from NTBI
[65]

, also some 

tissues are spared out of blood loading via that mechanism [such as 

skeletal muscle], whilst other target organ as myocardial muscle, 

endocrine plantain and hepatocytes smoke above NTBI rapidly, then iron 

was once saved so ferritin yet haemosiderin
[66]

. The myocardial blood 

overload develop heart defeat beyond cardiomyopathy between patients 

without chelator in as express the second decade regarding life
[67]

. Iron 

overload is fit in imitation of pituitary damage, propulsion in accordance 

with hypogonadism, growth retardation yet tardy puberty
[68]

. Therefore, 

these endocrine complications, specifically diabetes, hypothyroidism then 

hypoparathyroidism are seen
[69]

. Liver sickness along fibrosis yet 

subsequently cirrhosis or hepatocellular carcinoma, specifically 

associated along persistent hepatitis is present and dangerous 

complication
[70]

.  

In NTDT, ineffective erythropoiesis propulsion to low hepcidin-25 ranges 

together with increased intestinal blood absorption
[71]

. Regulators 

regarding hepcidin-25 production encompass twisted gastrulation factor-

1, hypoxia development pseudo factors, transmembrane protease serine-6, 

growth schism thing -15
[72]

. In somebody case, about the signaling 

mechanism, also the end result is suppression over hepcidin-25 levels, 

improved inner blood absorption, yet expanded launched on recycled iron 

beside the reticuloendothelial system
[73]

. From it leads according to 

depletion concerning microphage iron, proportionally stages concerning 

the serum ferritin longevity [than what would lie viewed in transfusion-

dependent β-thalassaemia intermedia patients], preferential doorway and 



hepatocyte metal loading [increased liver metal concentration], 

afterwards that release of the habit on uninterrupted iron kind up to 

expectation leading according to goal part damage
[74]

. The mechanism 

over blood overload within NTDT sufferers show instability figure (1- 5). 

Figure(1-5). Mechanism of iron overload in NTDT
[74]

.[TWDF-1,HIFs, 

TMPRSS6 and GDF-15= cytochrom types].  

1-8 Mechanisms of iron toxicity: 

       Iron is particularly effective then easy converate in joining states iron 

(+2) or iron (+3) between it action consequences obtain or breach on 

electrons, yet production on dangerous unrestricted radicals [atoms or 

molecules with unpaired electrons]
[75]

. These government after damage 

lipid membranes, organelles or DNA, appropriate in accordance with 

carrier dying then generation on fibrosis. In health, iron be able lie keep 

sure by arrest after molecules certain as like transferrin, while of iron 

overload the capability bind iron is passed both inside cells yet between 

the plasma compartment
[76]

. These origin broad blood either inside cells 

yet within plasma, or due in conformity with damages much tissues of the 

body and fatal unless treated through iron chelation therapy. As well as 



like fair metal also increases the chance over contamination and neoplasia 
[77]

 . A summary on mechanisms for poisonous consequences over metal 

overload is illustrated between figure (1-6) durability.  

Figure (1-6). Ardent mechanisms with consequences over blood overload. 

[TGF-B1= transforming growth factor beta 1, NF-kB= nuclear factor 

kappa light chain enhancer of activated B cells, ROS= reactive oxygen 

species]
[78]

   

       In iron, overload outturn beside regular blood transfusions and 

lengthy time period between expanded iron absorption, iron up to 

expectation is now not certain according to naturally occurring molecules 

such as transferrin, or ferrtin or in imitation of drug blood chelators, birth 

specific reactive oxygen species [ROS], most prominent hydroxyl 

radicals
[78]

. Occurs between cells where labile plasma metal is absorb 

over or collected as like tankage iron (ferritin yet haemosidrin). Then 

reactive oxygen species generate lipid peroxidation, organelle DNA 

damage dysregulate mechanisms concerned in apoptotic carrier death, yet 

growing the danger about neoplasia within liver
[79]

.  

Labile iron extra reachable in accordance with microorganisms to that 

amount blood certain in imitation of transferrin and ferritin, therefore 

increasing the gamble over infection toughness
[79]

.      

1-9Healing of iron excess: 

         Phlebotomy is no longer a decision within thalassaemia thinking 

about to that amount the ailment is meanwhile complex along anaemia
[80]

. 

Some simple method might also keep of benefit, like tea consumption, 

who decreases iron absorption then has antioxidant properties 



permanency so that, iron chelation therapy is determined option in iron 

overloaded patients
[81]

. 

1-9-1 Endeavors of iron chelation rehabilitation:  
1- Prevention therapy: the important role about chelation remedy is 

in accordance with maintain protected tiers about physique metal at 

whole times, via pattern blood consumption beyond gore 

transfusion together with iron excretion by chelation (iron 

balance)
[82]

. 

2- Rescue therapy: then metal overload has accumulated, out of gore       

spread blood ought to remain remove. However, elimination 

tankage blood is slow or inefficient, because solely a little share 

regarding body iron is accessible because chelation at some time. 

Once iron has saved into the partial tissues, leading according to 

injury this tissues or obstruction is therefore preferable in 

conformity with recovery therapy
[82]

. 

3- Emergency therapy: longevity agreement heart defeat accelerated 

work is required, that requires altering then intensifying the 

treatment
[82]

. 

4- Dose shift about therapy: dosing or therapy regimen requires 

modulation in accordance with altering circumstances. Because, 

besides power regarding traits into iron lay (liver blood and ferrtin) 

then metal assignment (heart iron yet function) sufferers are at 

jeopardy about both a-underchelation including increased metal 

toxicity; and b-overchelation yet expanded chelator toxicity. So up 

to expectation the dosing yet regimen need to lie constant systemic 

in imitation of absorb it factors within account
[82]

. 

5- Adherence in accordance with therapy: chelation ought to lie 

smoke according to work effectively. So to that amount it requires 

helpful fidelity according to the chelation regime
[82]

. 

1-9-2 Sources of chelator iron: 

        Recommend chelatable iron is derived out of joining important 

sources, certain regarding to them blood derived out of the disruption 

regarding purple cells within macrophage [about 20 mg/day among 

healthy adults], while every other iron derived beyond the catabolism 

over stored ferrtin iron within cells
[83]

. So nearly over the storage blood of 

the physique is of hepatocytes, and the ferrtin into this cells is turned 

upon much less repeated [every not much days]
[84]

 Therefore, blood 

chelated inside the courage is bury via the biliary system, and circulates 

back into plasma then is excrete within the urine
[85]

. The measure 



according to which that chelated iron is elimination within faeces or 

water varies with each chelator. With desferrioxamine [DFO] in regard to 

partially is excrete of water yet incompletely within faeces, whilst with 

deferasirox [DFX] secretion is broadly speaking thru the urine yet 

deferiprone [DFP] thru faeces
[86]

. Urinary excretion concerning metal 

chelated through DFO so much got here ordinarily out of macrophage 

catabolism regarding purple cells, while urine metal chelated by way of 

DFP is derived beyond macrophage then hepatocyte swimming pools
[87]

. 

By the way chelator present 24 hours to remove toxic labile iron 

poolswithin cell continuously
[88]

.
 

 

1-9-3 Chemical and pharmacological properties of licensed 

chelators: 

         There are ternary blood chelators currently licensed because of 

scientific makes use of yet their metal binding properties, routes on 

intake, removal then consequence differ
[89]

. These are explained in table 

(1-2).  

Chemistry: the wide variety over chelator molecules necessity in 

imitation of bind blood differs along each of it chelators. DFO binds 

metal of 1:1 ratio, as consequences secure iron chelate complex 

consequently a sizeable molecule as cannot stand absorb beside the gut. 

DFX binds metal within a 2:1 chelator in conformity with blood ratio, as 

like properly so in conformity with younger enough for oral 

absorption
[90]

. While DFP is smaller nonetheless or requires three 

molecules in accordance with indenture iron, propulsion in imitation of 

into a much less secure iron complex and a lower efficiency concerning 

blood apprehension at ignoble chelator concentration
[91]

.  

Pharmacology: the patterns concerning excerpt about the chelate metal 

complexes are show in desk 1-2. Iron arbitrary DFO was casting off 

convenient from water then faeces [short T1\2] if it does not article iron, 

while excerpt concerning metal complexes are slower
[92]

. Iron free DFP 

has a short plasma half-life, need it in imitation of keep relinquish three 

instances a day. It is without delay metabolize at its iron-binding site 

within hepatocytes. Therefore, DFX has a longer plasma half-life, 

typically necessity only as soon as every day dosing then supplying 24 

banishment concerning labile plasma iron
[93]

. Plasma cure stages vary of 

the chelators. DFO ranged x μM so fond as an charge at night, or paltry 

quantity tiers about metal arbitrary chelator are current at some point of 

the day. Ultimately, DFP ranges turn with peaks more one hundred μM at 



approximately in accordance with 2h then repast however along small 

degrees at night
[94]

.
 

Table (1-2). Chemical and pharmacological properties of licensed 

chelators
[94]

. 

 

 

1-10 Hepcidin-25  

         Hepcidin-25 is a protein among people is encode with the aid of the 

hepcidin-25 antimicrobial peptide [HAMP] gene, is a key director of the 

entree on iron within the currency of mammals. When hepcidin-25 degree 

is abnormally increase inflammation, serum metal shower due according 

to iron trapping within macrophages or heart cells then low gut iron 

absorption, that administration in conformity with anemia due to no 

longer enough aggregation concerning serum iron life reachable because 

thriving red cells
[95]

. However, so the hepcidin-25 level is abnormally vile 

as of hemochromatosis, blood overload show up fit in accordance with 

accelerated ferroportin mediated iron efflux from storage yet extended 

gut metal absorption
[96]

.  

So hepcidin-25, a peptide hormone is generally synthesis within the liver, 

was once located in 2000. It be able be reduces extracellular metal in the 

body through countless mechanisms
[96]

:  

1) Hepcidin-25 lower dietary metal absorption via lowering metal 

transport throughout gut mucosal cells (enterocytes); It reduces 

iron exterior from macrophages, the fundamental web page 

about iron storage;  



2) It reduces iron outside beside the liver. Therefore, in all 3 

instances that is partner by means of reducing the 

transmembrane iron transporter ferroportin. 

           Hepcidin-25 found namely a preprohormone (84 amino acids), 

prohormone (60 amino acids), then hormone (25 amino acids). Twenty- 

then 22-amino water brash metabolites of hepcidin-25 also found among 

the urine. Removal about 5 N-terminal amino acids outcomes 

deactivation concerning function
[97]

. The metamorphosis regarding 

prohepcidin according to hepcidin-25 is intercede through the 

prohormone convertase furin. This metamorphosis may additionally 

remain adjust through alpha-1 antitrypsin
[98]

. 

 

Figure (1-7). Hepcidin preprohormone, prohormone, and hormone size 

are 84, 60, and 25 amino acids
[98]

. 

Hepcidin-25 can be hermetically folded polypeptide along 32% beta leaf 

character then a hairpin shape stabilized by IV disulfide bonds
[99]

. In 

addition, governor concerning metal metabolism. So hepcidin-25 inhibits 

blood transit via capture in conformity with the metal export race 

ferroportin, as is positioned concerning the basolateral floor over intestine 

enterocytes or the plasma membrane regarding reticuloendothelial cells 

(macrophages)
[100]

.  

      Hepcidin-25 ultimately breaks beneath the transporter protein among 

the lysosome. Inhibiting ferroportin cut out metal beyond wight export or 

the blood is requisition within the cells
[101]

. Via inhibiting ferroportin, 

hepcidin-25 prevents enterocytes out of hand over blood in the hepatic 

doorway system, so up to expectation decreasing dietary iron durability 



absorption
[102]

. As well as iron release from macrophages also reduced by 

ferroportin inhibition. By the way increased hepcidin-25 activity is 

slightly responsible for reduced iron availability seen in anemia of 

chronic inflammation, like renal failure
[103]

. 
 

When various mutations between hepcidin-25 end result within youthful 

hemochromatosis. The indispensable over adolescent hemochromatosis 

cases are leading after mutations between hemojuvelin
[104]

. Mutations 

may leading in conformity with anemia via dysregulation over hepcidin-

25
[105]

.
 

Another function on hepcidin-25 has vivid antimicrobial pastime towards 

E.coli ML35P N.cinerea yet small antimicrobial activity versus 

S.epidermidis, S.aureus then group B streptococcus bacteria. Also, lively 

in opposition to the fungus C.albicans. However, no endeavor in 

opposition to P.aeruginosa
[106]

.  

Hepcidin-25 consistency or excretion through the lungs is methodical by 

way of metal stores within macrophages, inflammation, hypoxia, then 

erythropoiesis. Macrophages communicate including the hepatocyte in 

imitation of rule hepcidin-25 release among the issue by eighth distinct 

proteins: "hemojuvelin, heriditrary hemochromatosis protein, transferrin 

receptor 2, skeleton morphogenic protein 6 (BMP6), matriptase-2, 

neogenin, BMP receptors, yet transferrin"
[107]

.  

By the road erythroferrone, synthesis of erythroblasts, has been 

recognized as like inhibiting hepcidin-25 or furnish greater metal for 

hemoglobin synthesis within conditions as emphasis erythropoiesis
[108]

.  

In addition, nutrition D has been comment in conformity with decrease 

hepcidin-25, in cellcarrier models looking at transcription or when 

supplying sizeable doses to ethnical volunteers. Optimal characteristic 

over hepcidin-25 may additionally be predicate above the sufficient 

attendance regarding vitamin D between the stability blood
[109]

.   

1-11 Transferrin: 

        Transferrin are glycoproteins that blood iron-binding  tighitly in 

plasma control the level over arbitrary metal (Fe) of organic fluids. 

Human transferrin is encoded by the transferrin [TF] gene. In spite on 

metal certain to transferrin is less than 0.1% (4 mg) of total physique iron, 

but such types the near biovital iron pool together with the very best 

dosage on turn (25 mg/24 h). Transferrin has a molecular measure about 

round 80 atomic stuff one (KDa) then consist beside couple unique high-

https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Blood_plasma


affinity Fe (III) nabbing sites. The affinity about transferrin because Fe 

(III) is altogether high (association regular is 1020 M-1 at pH 7.4) but 

lowering progressively together with reducing pH under neutrality 

longevity
 [110]

.  

When a transferrin protein loaded along metal defiance a transferrin 

receptor regarding the surface over a cell, kind of erythroid precursors 

into the bone marrow, receptor binds according to metal or transported of 

the cellcarrier into a vesicle by using receptor-mediated endocytosis. 

Therefore, pH over the sheat-fish is minimize through hydrogen ion 

pumps (H+ ATPases) after touching 5.5, inflicting transferrin in imitation 

of launch its metal ions. Therefore, receptor with its ligand certain 

transferrin below transported via the endocytic circle lower back in 

conformity with the mobile surface, in imitation of repeat another round 

over blood uptake. So to that amount every transferrin molecule has the 

capacity according to raise twins metal ions among the ferric shape 

(Fe+3)
[111]

.  

Plasma transferrin extended level is fast considered between sufferers 

together with metal poverty anemia, all through pregnancy, then together 

with the uses about oral contraceptives, remain inverted an extend among 

transferrin protein expression
[112]

. When plasma transferrin stages 

increase, even is an deflect minimize among percent transferrin iron 

saturation yet an identical extend of volume metal capture capability 

among blood poor states
[113]

. Plasma transferrin decreased within iron 

overload illnesses and protein malnutrition. Nevertheless, so penurity of 

transferrin effects beyond a rare genetic disease appointment namely 

transferrinemia, a situation prognosis via anemia and hemosiderosis 

among goal limb like morale then liver that leads to morale miscarriage 

or dense lousy complications. Ultimately, eference range for transferrin is 

204–360 mg/dL
[114]

.  
 

1-12 Ferritin: 

         Ferritin is a global intracellular protein so stores iron or releases it 

among a controlled fashion. Produced by way of almost all residing 

organisms, kind of algae, bacteria, greater plants, then animals. In 

humans, the important role as much ignoramus in opposition to metal 

deficiency or iron overload. Ferritin is live of almost tissues as much a 

cytosolic protein, however little quantities are pavilion in the serum the 

place it services as much an blood carrier
[115]

. Plasma ferritin is biomarker 

of the quantity total of blood stored of the physique, hence serum ferritin 

is utilized as a diagnostic test for iron-deficiency anemia
[116]

. 

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests#Electrolytes_and_Metabolites
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Ferritin structure is a globular protein complex included of 24 protein 

subunits forming a nanocage with multiple metal–protein 

interactions
[117]

. It is presente primary intracellular iron-storage protein in 

both prokaryotes and eukaryotes, so the main function keeping iron in a 

soluble yet non-toxic form. When ferritin now not combined with blood 

is name apoferritin
[118]

. 

Another feature regarding ferritin serves after shop metal between a non-

toxic form, in imitation of savings that within a sure form, yet according 

to transit it according to areas the place such is need. Therefore, the 

feature or structure of the expressed ferritin protein varies of exceptional 

mobile types. This is modify in particular through the aggregate and 

toughness of messenger RNA (mRNA). mRNA awareness is in addition 

string through changes in imitation of how much that is saved and how 

successfully that is transcribed. The appearance on metal result in the 

production of ferritin, ban partial exceptions (such as like the yolk ferritin 

over the gastropod Lymnaea, who lacks an iron-responsive unit) 
[119]

.  

        Free iron is toxic after cells due to the fact that it shed as like a 

catalyst within the composition regarding unrestricted radicals out of 

effective oxygen species via the Fenton Reaction
[120]

. Therefore, 

vertebrates increased engage about shielding mechanisms after bond 

blood into a number of skill compartments
[121]

. So as inside cells, iron is 

stored among a protein complex namely ferritin and hemosiderin 
[122]

. 

While apoferritin binds in accordance with arbitrary ferrous metal then 

stores that into the ferric state. When ferritin accumulates inside cells 

concerning the reticuloendothelial [RE] system, protein aggregates made 

as much hemosiderin. Iron of ferritin then hemosiderin execute lie 

secreted because release through the RE cells of spite of hemosiderin is 

less comfortably available. In regular administration conditions, the 

serum ferritin level correlate along volume physique blood stores; thus, 

the serum ferritin is the almost laboratory check according to evaluate 

metal stores
[123]

.  

Because iron is an essential humor among mineralization, ferritin is turn 

to advantage within the shells concerning organisms certain namely 

molluscs in imitation of authority the concentration or allocation on iron, 

also circulate function of the haemolymph about the polyplacophora in 

imitation of conduct metal to the mineralizing radula
[124]

.  

Iron is free beyond ferritin because makes use of with the aid of ferritin 

degradation, ordinarily by using lysosomes
[125]

.  

The regular degrees because ferritin may fluctuate into laboratories but 

are typically in 30–300 ng/mL (=μg/L) because males, whilst 18–115 

ng/mL (=μg/L) for females
[126]

. 

https://en.wikipedia.org/wiki/Globular_protein
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1-13 Total iron-binding capacity (TIBC): 

           Total iron apprehension capacity also regarded transferrin iron-

binding ability which is a scientific laboratory test as measure the blood's 

potential in accordance with article blood with transferrin. It is lift out via 

painting gore and estimate the maximum aggregation about blood as that 

do carry, which assume indicator indirectly measures transferrin seeing 

that transferrin is the close main carrier. Therefore, so TIBC is much less 

high-priced than a direct pardon regarding transferring
[123]

.  

The TIBC need to no longer lie trouble together with the unsaturated 

iron-binding capability [UIBC]. The UIBC execute stand count by using 

subtracting the serum iron out of the TIBC
[125]

. 

Therefore taken collectively along serum metal or percentage transferrin 

saturation clinicians usually endorse that parameter in imitation of to us 

this check when he was worried in relation to anemia, iron 

deficiency or iron deficiency anemia, because the liver synthesis 

transferrin, alterations in function (such as cirrhosis, hepatitis, or liver 

failure) must be considered when performing this test. It can also be 

biomarker of liver function, but is seldom use for this 

purpose
[127]

. Reference ranges of TIBC: 250–370 μg/dL (45-66 μmol/L).  

 

 

 

 

 

 

 

 

 

 

1-14 The aim of the study: 

This study aimed to 
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1- Determine of Hb and PCV as elevation of hepcidin-25, serum iron, 

TIBC, transferrin and ferritin for Iraqi children patients with β-

thalassaemia intermedia before and after blood transfusion. 

2- Study the relationship between hepcidin-25 and serum iron, TIBC, 

transferrin, and ferritin for patients groups. 

3- The relationship between hepcidin-25 and frequent number of 

blood transfusion for the study group to predict the effect of blood 

transfusion frequent on hepcidin-25 level for all patients group.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 
Chapter two 

Matrials and Methods 
 



2-1 Matrials and methods: 

2-1-1 Chemicals:- 

      Chemicals with its reagents obtained from the following companies as 

shown in table(2-1).  

Table (2-1) types of chemicals and their companies.  

Chemicals Company 

Ferritin kit Korea 

Human hepcidin-25(HEPC-25) 

elisa kit 

China 

Iron kit Germany 

Total iron binding capacity Spain 

2-1-2 Instrument: 

 Instruments used in this work are shown in table (2-2).      

   Table (2-2). Types of instrument used, supplies and origin. 

Instrument Name Company 

Centrifuge Hettich GmbH & Co. RG 

/Germany 

Deep freeze FROILABO/ France 

ELISA Reader and Washer BioTek / USA 

Hemoglobin meter Optima, Hb-202  Japan 

Spectrophotometer CECIL, Ce -1011 Germany 

Water bath Gemmy, YCW-01 /Taiwan 

 

2-2 Patients selection and blood sampling: 

       Eighty Iraqi child patients were enrolled from Ibn albalady hospital 

during the period from (1 Oct. 2017) to (1 April 2018), the age with range 

(6-12) years that divided into 3 clans as follows: 40th samples (20th 

female and 20th male) before blood transfusion as clan1, 40th samples of 

same patients (20th female and 20th male) after blood transfusion as 

clan2 and 40th healthy individual (20th female and 20th male) as a clan 3.  



Blood sample was separated into two tubes, one with 

ethylenediaminetetraacetic acid [EDTA] to determine the hemoglobin 

and packed cell volume values automatically, and the second one without 

anticoagulant factors to separate serum of the sample by centrifuge on 

3000 rpm for 15 minute to determine hepcidin-25 and ferritin by Elsa 

method, also determine serum iron and TIBC photometric colourmetric, 

while transferrin was calculated by divided serum iron on TIBC     

2-3 HumanHepcidin-25 (Hep-25) ELISA Kit: 

2-3-1 Application: 

     Serum is the specimen that used for Hepcidin-25 kit in the sample of 

human 

2-3-2 Principle: 

       The kit was employed for enzyme-linked immune sorbent assay 

(ELISA) depend on biotin double antibody sandwich technology to 

evaluate Human Hepcidin-25 (Hep-25), which delivered after wells as are 

pre-coated together with Hepcidin-25(Hep) monoclonal antibody or 

afterwards incubated. After that the amount anti Hep antibodies labeled 

together with biotin used to be brought in imitation of nicely together 

with streptavidin-HRP, in accordance with types immune complex, so to 

that amount unbound enzymes was once removed since incubation then 

washing, after substrate A then B was delivered then answer was grew to 

become according to navy-blue then changed to curcuma longa by way of 

the effected regarding water brash. The kit rceved from SHANGHAI 

YEHUA Biological Technology Co., Ltd.Room 1102，Building 3,Lane 

99 Jinhu Road , Pudong District,Shanghai, China. Finally the 

concentration of Hepcidin-25 (Hep) was correlated positively depend on 

colored. 

 

 

 

 

 

 

2-3-3 Materials supplied in the Test Kit:  



 

 

2-3-4 Materials required: 

1) 37ºC incubator.                             

2) Precision pipettes and disposable pipette tips.     

3) Disposable tubes. 

4) Standard ELISA reader. 

5)   Distilled water. 

6)    Absorbent paper.    

 

 

 

 

2-3-5 Assay procedure: 

Pattern  96  wells 48 wells Maintenance  

coaching 1 1  

Seal plate film 2 2  

Hermetic container 1 1  

covered ELISA plate 12 well in 8 

tubes 

12 well in 4 

Tubes 

2-8 ºC 

regular 

solution(4800pg/ml) 

0.5ml×1 0.5ml×1 2-8 ºC 

Streptavidin-"HRP" 6ml×1 3ml×1 2-8 ºC 

discontinue Solution 6ml×1 3ml×1 2-8 ºC 

chromogenic reagent "A" 6ml×1 3ml×1 2-8 ºC 

chromogenic reagent "B" 6ml×1 3ml×1 2-8 ºC 

Anti HEPC antibodies 

labeled through biotin 
1ml×1 1ml×1 

2-8 ºC 

Standard dilution 3ml×1 3ml×1 2-8 ºC 

Washing contemplate [20ml×30×1] [20ml×20×1] 2-8 ºC 



A- Preparation of standard solution: 

The kit was provided one standard original concentration those 

diluted to five concentrations: 

 

 

 
The number of stripes needed was determined by that of samples to be 

tested and standards was added, standard solution and blank well must be 

arrange with multiple wells as much as possible. 

B- Sample injection: 

1- Blank well: Blank well can be contain anti Hep. antibody labeled 

with biotin and streptavidin-HRP but without sample, so 

chromogen reagent A & B and stop solution was added and all 

other step operation was done. 

2- Fifty (50)μl from standard solution was added so 50μl of 

streptomycin-HRP was added 

3- Exactly 40μl from sample was added with 10μl Hep antibodies, 

also 50μl from streptavidin-HRP was added then well covered 

and shaking gently to mixed then incubated at 37ºC for 60 

minutes. 

1- 2400pg/ml Standard No.5 (120μl) Original Standard  +  (120μl) Standard 

diluents 

2- 1200pg/ml Standard No.4 (120μl) Standard No.5 + (120μl) Standard 

diluents 

3- 600pg/ml Standard No.3 (120μl) Standard No.4 + (120μl) Standard 

diluents 

4- 300pg/ml Standard No.2 (120μl) Standard No.3 + (120μl) Standard 

diluents 

5- 150pg/ml Standard No.1 (120μl) Standard No.2 + (120μl) Standard 

diluents 



C- Washing solution was prepared by diluted the washing concentration 

(30X) with distilled water. 

D- The seal plate membrane was removed and drain the liquid with 

shaking off the rest or each well used to be stuffed including angry 

answer afterward was once let in accordance with stand because of 

30 second, after was once drained, then it quadrant used to be 

repeated 5 times, below the pebble used to be blotted 

E- Firstly 50μl chromogen reagent A was added to each well, so 50μl of 

chromagen reagent B was added with shaked and mixed then well 

was incubated for 10 minutes at 37ºC to form colour developed 

F- Exactly 50μl of stop solution was add to each well for stop reaction 

and coloured was changed from blue to yellow immediately, then 

absorbance was measured under 450nm wavelength, the 

measurement must be done at 10 minutes after stop solution was 

added. 

2-3-6 Calculate: 

 The concentration for Hep was calculated depend on standard curve was 

done. 

 

Assay range：10pg/ml→4000pg/ml.
[128] 

 

2-4 Hematology marker related to β-thalassaemia: 

      Specimen collection for determination hematological marker must be 

prepared by tubes contain ethylenediaminetetraacetic acid (EDTA) anti-

coagulant and the hematological marker like hemoglobin (Hb), packed 

cell volume (PCV) was calculated automatically by the hematological 

tool hemoglobin meter. 
 



2-5 Ferritin kit: 

2-5-1 Principle: 

      The test was used sandwich immunodetection method, recombinant 

protein in buffer which bound to antibody in sample was formed 

recombinant protein antibody complexes, then was migrated onto 

nitrocellulose matrix for captured by the other immobilized antigen on 

test strip, so the more antibody in the sample was formed more 

recombinant protein antibody complex and lead to stronger intensity of 

fluorescence signal on detector recombinant protein. 

 

2-5-2 Component: 

Ferritin kit was consisted of cartridges, detection buffer and an ID chip: 

1- The cartridge was contained a test strip, the membrane has anti 

human ferritin at the test line, but keyhole limpet hemocyanin 

(KLH) at control line. 

2- Each cartridge was sealed in an aluminum foil pouch containing a 

desiccant, so 25 sealed cartridge were packed in a box which also 

was contained an ID chip. 

3- Detection buffer was contained anti human ferritin fluorescence 

conjugate, anti KLH fluorescence conjugate, sucrose, bovine 

serum albumin (BSA) as a stabilizer and sodium azide in 

phosphate buffered saline (PBS) as preservative.  

4- The detection buffer was pre-dispensed in a tube, so 25 detection 

buffer tube were packaged in a box and further packed in a 

Styrofoam box with ice pack for the shipment
[128]

. 

 

2-6 Iron kit: 

2-6-1 Determination of iron: 

     Serum iron was measure by use photometric colourmetric test for iron. 

 

2-6-2 Principle: 

     Ferric Iron (Fe
+3

) was reacted with chromazurol B (CAB) 

cetyltrimethylammonium bromide (CTMA) to form a colored ternary 



complex at 623 nm, so the intensity of the coloured produced depend on 

the concentration of iron in sample 
[129]

. 

 

2-6-3 Procedure: 

   The steps for iron determination must be follow 

1- Three tubes were prepared (blank, standard and test) then 1ml 

(1000μl) for reagent was added for all tubes. 

2- Fifteen (50μl) of test was put in sample tubes, while 50μl of standard 

was put in standard tube also 50μl of distill water was added to blank 

tube. 

3- All tubes was mixed and incubated for 15 minutes at 25ºC then 

absorbance was measure for test and standard against the reagent 

blank within 60 minutes. 

 

2-6-4 Calculation: 

     The concentration of serum iron was calculated according to this 

equation  

 

         ΔA sample 

C = -------------  x 100 [μg/dl] 

          ΔA STD 

 

Reference values: 

Male:     59 -148 μg/dl         or 10.6 - 28.3 μmole/l 

Female: 37 – 145 μg/dl       or   6.6 – 26 μmole/l
130

. 
 

 

 

2-7 Total iron bending capacity kit: 

2-7-1 Principle: 



     Serum metal was certain to transferrin, but solely one 1/3 regarding 

the metal arrest sites had been saturated including iron, then the 

unsaturated over blood bending potential about transferrin (UIBC) 

denoted the available blood binding websites concerning serum, hence 

the aggregation iron catch capacity (TIBC) capacity volume about metal 

was bound including transferrin afterward absolutely was once saturated 

together with an extra regarding Fe
+3

. 

The approach used to be reasonable TIBC through advance saturating 

transferrin including excess about Fe
+3

. While the remaining metal was 

adsorbed including magnesium carbonate, the arrest procedure used to be 

removed by using centrifugation, iron in the supernatant was measured, 

and by the way, (UIBC) can be obtained by substracted serum iron from 

TIBC
[131]

. 
 

 

 Reagent composition:  
1- R1 iron solution, 500 μg/dl Fe

+3 
[89.5 μmole/l] 

2- R2 magnesium carbonate and Magnesium hydroxide carbonate 

powder. 

 

2-7-2 Procedure: 

1- Exactly 0.5ml of sample was added to test tube and then 10ml of R1 

was added, mixed well with allowed to stand for 5-20 minutes at 

room temperature  

2- One scoop (approximately 100mg) of R2 was added to each tube and 

allowed 30 minutes to stand it must be mixing vigorously at 5 

minutes. 

3- Tubes was centrifuged for 10 minutes at 300 rounds per minute (r. p. 

m.) and separated to obtained clear supernatant. 

4- Total iron kit reagent was brought at room temperature and proceed 

was measured iron from an aliquot of the supernatant at 560nm 

 

 

 

 

 Calculation:  
The total iron binding capacity (TIBC) was calculate by this equation  

TIBC μg/dl supernatx3 [Dilution factor]. 

While 



Unbound iron binding capacity (UBIBC) = TIBC – SI  

So transferrin saturation [Tsat.]  (%) 

  Serum iron x 100 

T sat. = ------------------------------ 

 TIBC  

 

 

Reference values: 

Serum iron (SI)  

Men:        65 – 175 μg/dL (11.6 – 31.3 μmol/L) 

Women:   50 – 170 μg/dL (9.0 – 30.4 μmol/L) 

 

TIBC 

Children:  100 – 400 μg/dL (18 – 72 μmol/L) 

Adults:      250 – 425 μg/ dL (45 – 76 μmol/L) 

 

Tsat. 

Men:         20 - 50% 

Women:   15 - 50%
[132] 

 

 

 

2-8 Statistical analysis: 

results of this study was expressed as [mean ± SD], T.test  (spss) was 

utilized for compared between three studied groups, so T.test less than or 

equal of 0.05 was considered significant and highly significant 

respectively. This study expressed as correlation of hepcidin -25 with all 



parameter, so correlation value between range  (±0.5)   was considered 

significant
[132]

. 

 

 

 

 

 

 

 

 

 

Chapter three 
Subject Characteristic 

 

 

 

 



 

 

 

 

3-1 Subject characteristic: 

      Eighty Iraqi children patients were enrolled from Ibn albalady 

hospital during the period from (1 Oct. 2017) to (1 April 2018), the age 

with range (6-12) years that divided into 3 clans as follows: 40th samples 

(20th female and 20th male) before blood transfusion as clan1[C1], 40th 

samples of same patients (20th female and 20th male) after blood 

transfusion as clan2 [C2]and 40th healthy individual (20th female and 

20th male) as a clan 3[C3]. Table (3-1) shown parameters results of 20
th
 

female patients with β-thalassaemia intermedia. 

 

Table (3-1). The results of female patients with β- thalassaemia 

intermedia before, after and control also T.test value between all clans. 
 

Biometers 

[C1] 

Mean±SD 

[C2] 

Mean±SD 

[C3] 

Mean±SD 

Ttest 

C1VsC2 

Ttest 

C1VsC3 

Ttest 

C2VsC3 

BMI 

Kg/m
2 

10.93±1.5

9 

10.93±1.5

9 

15.75±1.4

5 
 HS HS 

NBTT 
83.6±37.2

1 

84.6±37.2

1 
 NS   

Hb 

g/dL 

8.09±1.57 
10.37±1.3

4 
12.2±0.41 HS HS HS 

PCV 

% 

25.02±4.5

3 
32.1±4.01 

37.62±1.1

9 
HS HS HS 

S. Hep 

pg/mL 

13.14±3.4

7 

11.14±1.8

2 

25.04±3.5

5 
NS HS HS 

S. Trans. 

% 

48.48±9.1

5 

50.59±7.6

7 
30.68±3.5 NS HS HS 

S. Fer 

ng/mL 

1888.85±7

56.102 

1714.5±31

3.1 

169.29±17

.47 
NS HS HS 

S. Iron 

μg/dL 

83.18±7.5

6 

90.86±7.5

5 

52.84±4.5

3 
S HS HS 

S. TIBC 181.4±30. 182.79±26 173.06±10 NS NS NS 



μg/dL 

95 .92 .99 

[HS= highly significant, S= significant, NS= non significant] 

 

 

 

 

Similarly, table (3-2) illustrated parameters outcomes of 20
th
 male 

patients with β-thalassaemia intermedia. 

 

Table (3-2). The results of  male patients with β- thalassaemia intermedia 

before, after and control also T.test value between all clans. 

 

Biometers 

[C1] 

Mean±SD 

[C2] 

Mean±SD 

[C3] 

Mean±SD 

Ttest 

C1VsC2 

Ttest 

C1VsC3 

Ttest 

C2VsC3 

BMI 

Kg/m
2 

11.77±1.23 11.77±1.23 
18.05±2.1

4 
 HS HS 

NBTT 90.8±33.27 91.8±33.27  NS   

Hb 

g/dL 

8.17±1.6 10.16±1.23 
12.26±0.3

5 
HS HS HS 

PCV 

% 

25.27±4.63 31.48±3.7 
36.78±3.2

2 
HS HS HS 

S. Hep 

pg/mL 

13.6±3.09 11.49±1.45 
25.26±3.5

6 
S HS HS 

S. Trans. 

% 

48.86±8.45 51.11±6.99 30.1±3.18 NS HS HS 

S. Fer 

ng/mL 

1996.7±66

3.192 

1753.65±2

89.38 

170.56±15

.81 
NS HS HS 

S. Iron 

μg/dL 

85.19±6.65 91.55±7.76 52.4±4.95 S HS HS 

S. TIBC 

μg/dL 

179.182±2

7.589 

181.8±26.3

8 

174.67±9.

48 
NS NS NS 

[HS= highly significant, S= significant, NS= non significant] 

3-2 Variation of body mass index [BMI] in male patient, 

female patient and control:  



     The present study showed mean ± SD of the body mass index of 

female (10.93±1.59)Kg/m2 and male (11.77±1.23)Kg/m2 patients that is 

lower than control (Female= 15.75±1.45)Kg/m2 and 

(Male=18.05±2.14)Kg/m2 clan as shown in tables (3-1) and (3-2). 

The results of this study appeared highly significant increases compared 

with control of T.test value (p ≤ 0.05) that agreement with Baldini M 

(2017) study, which suggested thalassaemia patients have abnormal 

secretion of pituitary gland that lead to decrease weight of patients
[133]

, 

that shown in figure (3-1). The body mass index [BMI] of thalassemia 

patients after and before was stable because the period of blood 

transfusion was three days only and this period not effect on the 

parameter. 

Figure (3-1). BMI in male, female patients and control. 

3-3 Variation of hemoglobin in male patient, female patient 

and control: 

       The current study appears mean ± SD of hemoglobin of female (BT= 

8.09±1.57)g/dL and male (BT= 8.17±1.6)g/dL patients before blood 

transfusion lesser than patients after blood transfusion 

(Female=10.37±1.34 or Male=10.16±1.23)g/dL; while control (Female= 

12.2±0.41 and Male=12.26±0.35)g/dL patients provided more than 

female and male patients after and before blood transfusion that 

illustrated in tables (3-1) and (3-2). 

The results of present study showed high significant increases with 

control (p ≤ 0.05), that agreement with Girard JM (2016) study, also 

Girard JM was recommend about red blood cells of thalassaemia patients 

destroy in peripheral arteries due to gene disorder of globin synthesis that 

BT AT Control 

Male 11.77 11.77 18.05   

Fmale 10.93 10.93 15.75   

kg
/m

2
 

BMI 



lead to frequent hemoglobin deficiency compare with healthy body
134

, 

also resulted  highly significant increase with clan 2 (C2) (p˂ 0.05) that 

caused by blood transfusion of clan 2 (C2) patients all that showed in 

figure (3-2)
135

.  

Figure (3-2). Hb levels in male patient, female patients and control.  

 

3-4 Variation of packed cell volume [PCV] in male patient, 

female patient and control: 

    The present study showed mean ± SD of packed cell volume of female 

(25.02±4.53)% and male (25.27±4.63)% patients before blood transfusion 

give lower than same patients after blood transfusion (Female=32.1±4.01 

and Male=31.48±3.7)%, whereas the PCV in male and female patients 

with thalassaemia were lower than control (Female=37.62±1.19 and 

Male=36.78±3.22)% that appeared in tables (3-1) and (3-2). 

The results of present study were high significant increasing compared 

with C3 (p ≤ 0.05), these agreement with Weatherall D (2013) study in 

which the deficiency or absent β-globin that accelerated by sedimentation 

of erythrocyte
[136]

, the present study gave mean ± SD of PCV for 

thalassaemia patients after blood transfusion more than C1. 

The results of C1 were high significant increasing (p ≤ 0.05) compared 

with C2, these agreement with Al-Ali HK (2016) study, he suggested 

transfusion of blood increase the sedimentation of red blood 

cell
[137]

,which announced in figure (3-3). 

BT AF control 

Male 8.17 10.16 12.26   

Female 8.09 10.37 12.2   

g/
d

l 

Hb 



 

Figure (3-3). PCV levels in male, and female patients and control. 

 

3-5 Variation of serum Hepcidin-25 [S. Hep] in male patients, 

female patient and control: 

     The nearby study exposed mean ± SD of Hepcidin-25 for female 

(13.14±3.47)pg/mL and male (13.6±3.09)pg/mL patients before (Female 

=13.14±3.47 and Male =13.6±3.09) pg/mL and after (Female=11.14±1.82 

and Male=11.49±1.45)pg/mL  blood which transfusion was lesser than 

control (Female=25.04±3.55 and Male=25.26±3.56)pg/mL as appears in 

tables (3-1) and (3-2). 

The results of this study for female patients were non-significant (p ≥ 

0.05) and significant decrease of male patients (p ≤ 0.05) of T.test 

between C1 and C2 that approve of Hepcidin-25 secretion affected by 

blood transfusion so as shown in figure (3-4) and table (3-2) decrease 

Hepcidin-25 level after blood transfusion in order that increase absorption 

of iron leading to iron overload, and that approved by Zhao N. (2015) 

study when he was researching about matriptase-2 also he saw increasing 

iron absorption with decreasing of Hepcidin-25 secretion
[138]

, also Wang 

Y. (2014) study was agreement with these results when he researched 

about human hemochromatosis protein mutation and effect of bone 

morphogentic protein in Hepcidin-25 secretion
[139]

, in addition Rishi 

G.(2013) study was agreement with these results and displayed effect of 

transferrin receptor-2 in Hepcidin-25 regulate
[140]

,  

BT AT Control 

Male 25.27 31.48 36.78   

Female 25.02 32.1 37.62   

%
 

PCV 



Moreover, the results of female and male patients in the recent study was 

highly significant increasing (p≤ 0.05) of T.test between C2 with C3 and 

C1 with C3 (thalassaemia patients before and after blood transfusion with 

control), these agreement with Rund D. (2016) study
[141]

. 

The control had normal level of Hepcidin-25 so absorption of iron in 

stomach was normal so that not found excess iron inside body compare 

with thalassaemia patients, that shown in figure (3-4). 

Figure (3-4). Serum Hepcidin-25 levels in male, female patient and 

control. 

 

3-6 Variation of serum transferrin [S. Trans] in male patient, 

female patient and control: 

      The present study demonstrated mean ± SD of transferrin value for 

female (48.48±9.15)% and male (48.86±8.45)% thalassaemia patients 

before (Female=48.48±9.15 and Male=48.86±8.45)% and 

after(Female=50.59±7.67 and Male=51.11±6.99)% blood transfusion  

was more than control (Female=30.68±3.5 and Male=30.1±3.18)% as 

illustrated in tables (3-1) and (3-2). 

The result of this study for female and male patients showed non-

significant (p ≥ 0.05) of T.test value between C1 and C2, that agreement 

with Porter JB (2017), whose explain cause of transferrin level of 

thalassaemia patients after blood transfusion more than the same patients 

before blood transfusion due to blood intake increased concentration of 

BT AT Control 

Male 13.6 11.49 25.26   

Female 13.14 11.14 25.04   

p
g/

m
l 

S. Hep 



iron so that move up transferrin percent to take more of iron molecules to 

the target organ
[142]

,that also illustrated in figure (3-5).
 

In addition, transferrin results of patients clans (C1 and C2) materialize 

were highly significant increase (p≤ 0.05) when compared with clan 3 

that approved by Khatami S (2013), also he explains the increasing of 

transferrin level in thalassaemia patients due to iron overload that 

stimulate the production transferrin in order to carry it to the target 

organ
[143]

, that also appeared in figure (3-5). 

Figure (3-5). Serum transferrin in male, female patient and control. 

 

3-7 Variation of serum ferritin [S. Fer] in male patient, female 

patient and control: 

     The nearby study displayed mean ± SD of ferritin value for female 

(1888.85±756.102)ng/mL and male (19 96.7±663.192)ng/mL 

thalassaemia patients before (Female=1888.85±756.102 and 

Male=1996.7±663.192) ng/mL and after (Female=1714.5±313.1and 

Male=1753.65±289.38)ng/mL blood transfusion and 

(Female=169.29±17.47 and Male=170.56±15.81) in control as illustrated 

in tables (3-1) and (3-2). 

The results of this study showed non-significant different (p ≥ 0.05) for 

female and male patients between C1 and C2, that agreement with Paolo 

Ricchi (2018) study, also he concluded that the drop off ferritin level of 

female and male patients after blood transfusion due to increase iron 

storage because blood up take leads to increase ferritin level in patients 

after blood transfusion
[144]

.
 

BT AT Control 

Male 48.86 51.11 30.1   

Female 48.48 50.59 30.68   

%
 

S. Trans 



Moreover, ferritin appeared highly significant decrease (p˂ 0.05) of 

patients clans compared with control that approved by Yathiraj PH. 

(2017)  Study, so that he suggested that the iron overload lead to increase 

ferritin production, that shown in figure (3-6)
[145]

.
 

Figure (3-6). Serum ferritin in male patient and female patient and 

control.
 

 

3-8 Variation of serum iron [s. iron] in male patient, female 

patient and control: 

     The current study displayed mean ± SD of iron value for female 

(83.18±7.56)mcg/dL and male (85.19±6.65)mcg/dL thalassaemia patients 

before (Female=83.18±7.56 and Male=85.19±6.65) μg/dL  and after 

blood transfusion (Female=90.86±7.55 and Male=91.55±7.76)μg/dL 

while control (Female=52.84±4.53 and Male=52.4±4.95)μg/dL as shown 

in tables (3-1) and (3-2). 

The results of this study for female and male patients illustrated 

significant increase (p ≤ 0.05) of C1 when compared with C2, that 

agreement with Nyoman S.( 2018) study, also he explained that the blood 

transfusion of thalassaemia patients lead to increase of serum iron
[146]

.
 

Additionally, iron test of patients clans (C1 and C2) was resulted highly 

significant decrease (p≤ 0.05)  compared with control, that agreement 

with Inthawong K (2015), also Inthawong K discusses the aggregation of 

iron in thalassaemia patients that leads to increase iron concentration
[147]

,  

as appeared in figure (3-7).  

BT AT Control 

Male 1996.7 1753.65 170.56   

Female 1888.85 1714.5 169.29   

n
g/

m
l 

S. Fer 



Serum iron increased in the thalassaemia patients because of iron 

overload that due to decrease Hepcidin-25 leaded to increase absorption 

of iron
[147]

  

Figure (3-7). Serum iron in male, female patient and control. 

 

3-9 Variation of serum total iron bending capacity [S. TIBC] 

in male patient, female patient and control: 

      The current study displayed mean ± SD of TIBC value for female 

(181.4±30.95)mcg/dL and male (179.182±27.589)mcg/dL thalassaemia 

patients before (Female=181.4±30.95 and Male=179.182±27.589) μg/dL 

and after(Female=182.79±26.92 and Male=181.8±26.38)μg/dL blood 

transfusion was more than control (Female=173.06±10.99 and 

Male=174.67±9.48)mcg/dL as show in tables (3-1) and (3-2). 

The results of this study showed non-significant (p ≥ 0.05) different in 

female and male patients clans, that agreement with Aparna A (2014) 

study when researched about parameters that used to diagnosis 

thalassaemia
[148]

.That was shown in figure (3-8). 

Total iron binding capacity test of thalassaemia patients before and after 

blood transfusion appeared higher than control as shown in figure (3-8). 

BT AT Control  

Male 85.19 91.55 52.4   

Female 83.18 90.86 52.84   

μ
g

/d
l 

S. Iron 



Figure (3-8). Serum total iron bending capacity in male, female patient 

and control. 

 

3-10Correlation between Hepcidin-25 and all biometers before 

and after blood transfusion of female patients  

Correlation of Hepcidin-25 with parameters were resulted either 

significant (positive or negative) or non-significant as shown in figure(3-

4). 

 Table (3-3). Correlation of Hep with all parameters and T.test values 

with control before and after blood transfusion of female patients. 

Biometer  Before blood transfusion After blood   transfusion 

r value T.test r value T.test 

BMI 0.29 HS   

NBTT 0.503  0.378  

Hb 0.009 HS -0.415 HS 

PCV -0.015 HS -0.414 HS 

S. Trans. 0.053 HS 0.356 HS 

S. Fer. 0.295 HS 0.009 HS 

S. Iron 0.171 HS 0.273 HS 

TIBC -0.291 NS -0.244 NS 

 

Correlation of body mass index with Hepcidin-25 displayed significant 

positive correlation.  

BT AT Control 

Male 179.182 181.8 174.67   

Female 181.4 182.79 173.06   

μ
g/

d
l 

S. TIBC 



Number of blood transfusion times correlation with Hepcidin-25 before 

and after blood transfusion resulted significant positive correlation that sh 

own in figure (3-9). 

 

 
                                       

Figure (3-9). Correlation between Hep with NBTT in female patient. 

Hemoglobin correlation with Hepcidin-25 before blood transfusion 

product showed significant positive correlation as illustrated in figure (3-

10), while after blood transfusion product revealed significant negative 

correlation. 

 

Figure (3-10). Correlation between Hep with Hb in female patient. 
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Packed cell volume correlation with Hepcidin-25 before blood 

transfusion demonstrated significant negative correlation, and significant 

negative correlation observed after blood transfusion as appeared in 

figure (3-11). 

 

Figure (3-11). Correlation between Hep. With PCV in female patient. 

      Serum transferrin correlation with Hepcidin-25 before blood 

transfusion displays significant positive correlation, whereas correlation 

of transferrin after blood transfusion resulted significant positive 

correlation as shown in figure (3-12). 

 

Figure (3-12). Correlation  between Hep with S. Trans. in female patient. 
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Correlation of serum ferritin with Hepcidin-25 before blood transfusion 

resulted significant positive correlation, and after blood transfusion 

correlation resulted significant positive correlation that presented in figure 

(3-13).  

 

Figure (3-13). Correlation between Hep with S. Fer. In female patient. 

       In addition, correlation of serum iron with Hepcidin-25 before and 

after blood transfusion resulted significant positive correlation that also 

appeared in figure (3-14). 

 

Figure (3-14). Correlation between Hep with S. Iron in female patient. 
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Total iron bending capacity correlation with Hepcidin-25 before and after 

blood transfusion resulted significant negative correlation that illustrated 

in figure (3-15). 

 

Figure (3-15). Correlation between Hep with S. TIBC in female patient. 

 

3-11 Correlation of Hepcidin-25 with all parameters BT and AT of 

male patients 

       Correlation of Hepcidin-25 with parameters in this study was 

appeared either negative or positive significant as shown in table (3-4). 

Table (3-4). Correlation of Hepcidin-25 with all parameters and T.test 

value with control before and after blood transfusion of male patients. 

Biometers Before blood transfusion After blood   transfusion 

r value T.test r value T.test 

BMI -0.124 HS   

NBTT -0.431  -0.249  

Hb -0.305 HS -0.42 HS 

PCV -0.347 HS -0.419 HS 

S. Trans. -0.098 HS 0.065 HS 

S. Fer. 0.093 HS -0.348 HS 

S. Iron -0.119 HS 0.217 HS 

TIBC -0.046 HS 0.087 NS 
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Body mass index correlation with Hepcidin-25 was appeared significant 

negative correlation, as presented in table (3-5). 

Correlation of Hepcidin-25 with number of blood transfusion times 

before and after blood transfusion resulted significant negative correlation 

that illustrated in figure (3-16). 

Figure (3-16). Correlation between Hep with NBTT in male patient. 

Hemoglobin correlation with Hepcidin-25 before and after blood 

transfusion resulted significant negative correlation that illustrated in 

figure (3-17). 
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Figure (3-17). Correlation between Hep with Hb in male patient before 

and after transfusion. 

Correlation of packed cell volume with Hepcidin-25 in this study before 

blood transfusion appeared significant negative correlation, and after 

blood transfusion appeared significant negative correlation as shown in 

figure (3-18). 

 

Figure (3-18). Correlation between Hep with PCV in male patient. 

      Serum transferrin correlation with Hepcidin-25 before blood 

transfusion resulted significant negative correlation, while after blood 

transfusion that appeared significant positive correlation as shown in 

figure 3-19. 
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Figure (3-19). Correlation between Hep with S. Trans. in male patient. 

     Ferritin correlation before blood transfusion in this study emerged 

significant positive correlation, whereas ferritin resulted after blood 

transfusion significant negative correlation as illustrated in figure (3-20). 

 

Figure (3-20). Correlation between Hep with S. Fer. in male patient. 

Serum iron correlation in this study before blood transfusion appeared 

significant negative correlation, while after blood transfusion resulted 

significant positive correlation that shown in figure (3-21). 

y = 0.3162x + 47.481 
R² = 0.0043 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0 5 10 15 

Tr
an

s.
  %

 

Hep.  pg/mL 

After 

Male 

y = -69.734x + 2554.5 
R² = 0.1214 

0 

500 

1000 

1500 

2000 

2500 

0 5 10 15 

Fe
r.

  n
g/

m
L 

Hep.   pg/mL 

After 

Male 

y = -0.2683x + 52.508 
R² = 0.0096 

0 

10 

20 

30 

40 

50 

60 

70 

0 10 20 

Tr
an

s.
   

%
 

Hep.  pg/mL 

Before 

Male 

y = 19.925x + 1725.8 
R² = 0.0086 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

0 10 20 

Fe
r.

   
n

g/
m

L 

Hep. pg/mL 

Before 

Male 



 

Figure (3-21). Correlation between Hep with S. Iron in male patient. 

      Finally, correlation of serum total iron bending capacity before blood 

transfusion resulted significant negative correlation, as shown in figure 3-

22, while TIBC correlation after blood transfusion resulted significant 

positive correlation. 

 

Figure (3-22). Correlation between Hep with S. TIBC in male patient. 
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Conclusion: 

The conclusion of T.test value of female and male patients after and 

before blood transfusion that obtained from this study are: 

1. Number of blood transfusion times appeared non-significant 

increase when compare between after and before blood transfusion. 

2. Hemoglobin level appeared high significant decrease when 

compared between after and before blood transfusion, moreover 

high significant increase between thalassaemia patients clan and 

control clan which was found. 

3. Packed cell volume [PCV] displayed high significant decrease 

when compared between after and before blood transfusion, also 

high significant increase between thalassaemia patients clan and 

control clan observed. 

4. Hepcidin-25 hormone levels showed high significant decrease 

when compared between after and before blood transfusion, but 

high significant increase was found when compared between 

thalassaemia patients clans and control clan. 

5. Transferrin level appeared non-significant when contrasted 

between after and before blood transfusion, however high 

significant increase between thalassaemia patients clans and 

control clan observed. 

6. Ferritin level displays non-significant when compares between 

after and before blood transfusion, but high significant decrease 

between thalassaemia patients clans and control clan appeared. 

7. Serum iron level showed significant increase when contrasted 

between after and before blood transfusion, while high significant 

decrease between patients clans and control observed. 

8. Total iron bending capacity [TIBC] appeared non-significant when 

compared between after and before blood transfusion, also non-

significant between patients clans and control clan was found. 

In addition, conclusion of Hepcidin-25 correlation of female and male 

patients after and before blood transfusion obtained from this study is: 

 Body mass index of female patient significant positive 

correlation, while significant negative correlation of male 

patients. 

 Number of blood transfusion times of female patients before 

and after blood transfusion significant positive correlation, but 

significant negative correlation of male patients before and 

after blood transfusion. 

 Hemoglobin level of female patients before blood transfusion 

significant positive correlation and after blood transfusion 



significant negative correlation, while significant negative 

correlation of male patient before and after blood transfusion. 

 Packed cell volume of female patients before and after blood 

transfusion significant negative correlation, while significant 

negative correlation before and after blood transfusion of male 

patients. 

 Transferrin level of female patients before and after blood 

transfusion significant positive correlation, but significant 

negative correlation of male patients before blood transfusion, 

while significant negative correlation after blood transfusion. 

  Ferritin level of female before and after blood transfusion 

significant positive correlation, while significant positive 

correlation before blood transfusion and significant negative 

correlation after blood transfusion. 

 Serum iron of female patients' significant positive correlation 

before and after blood transfusion, but significant negative 

correlation of male patients before blood transfusion and 

significant positive correlation after blood transfusion. 

 Total iron bending capacity level of female patient significant 

negative correlation before and after blood transfusion, but 

significant negative correlation of male patients before blood 

transfusion and significant positive correlation after blood 

transfusion. 

 

 

 

 

 

 

 

 

 

 

Suggestions and recommendations: 



1- Predicated new ligand can be used as drug instead of DFO. 

2- Genetic study about the mutation that lead to β-thalassaemia and 

avoid it with patients, which need married.  

3- Determination Hepcidin-25 level in blood before and after blood 

transfusion to find the effect of blood transfusion in blood. 
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 :الخالصة
  الهبسيدين هو هرمون ببتيدي يوجد على اشكال متعددة منهاpreprohormone) )

حامض اميني  06ويتكون من  prohormoneحامض اميني و 48ويتألف من 
حاض اميني يصنع في الكبد ويقوم  52ويتكون من  hormoneوالشكل الفعال هو 

  بائنلبتنظيم دخول الحديد الى الدورة الدموية في ال

 الى حساب  الحالية تهدف الدراسةHb وPCV  وكذلك حساب مستوى الهبسدين، حديد
الترانسفرين وايضا الفرتين لمجموعة من اطفال عراقيين حاملين  TIBC، مصل الدم
 نقلميا المتوسطة وكذلك ايجاد العالقة بين هرمون الهبسدين وعدد مرات للبيتا ثالسي

الدم الدوري للمرضى على مستوى  نقلللمرضى وذلك للتنبأ بتاثير  الدم الدوري
  الهبسدين لكل المجاميع

  راقدين في مستشفى ابن البلدي  بالثالسيميا طفل عراقي مصاب 46تضمنت الدراسة
 تراوحت( 5614نيسان لعام -1)الى  (5612االول للعام تشرين -1) المدةخالل 

 المجموعة االولى تضمنت الى ثالث مجاميع العينات تم تقسيم .سنة (15-0)اعمارهم 
قبل اضافة الدم للمرضى كمجموعة اولى ( ذكور 56،اناث  56) عينةاربعون 

جموعة مال اما لنفس المرضى لكن بعد اضافة الدم كمجموعة ثانية عينة واربعون 
في هذه . ذكر 56 ، انثى 56( غير مصاب)سليم ص اربعون شخفتضمنت ثالثة ال

تم قياسهم بجهاز بصورة تلقائية، بينما الهبسدين والفرتين تم  PCVو  Hbالدراسة 
كان قياسهم بواسطة  TIBC، اما نسبة الحديد في المصل و قياسهم بواسطة تقنية االليزا

 .TIBCفتم حسابه من خالل معادلة تقسيم الحديد على  الطرق الضوئية اما الترانسفرين

 للهيموغلوبين وتاثير سلبي نتائج هذه الدراسة  اظهرتPCV  لمجاميع المرضى قبل
وبعد اضافة الدم مقارنة باألشخاص الطبيعيون االناث والذكور كذلك اظهرت تأثير 

في حين . للهبسدين لمجاميع المرضى االناث والذكور مقارنة بالمجاميع الطبيعيةايجابي 
لمجاميع المرضى االناث والذكور مقارنة بمجموعة ايجابي تأثير  له الترانسفرين كان

لمجاميع المرضى بالمقارنة مع سلبي نتائجه تأثير  تالفرتين اظهر وكذلكاالصحاء 
د اظهرت نفس النتيجة بالمقارنة مع مجموعة مجموعة االصحاء، وكذلك نسبة الحدي

بالمقارنة مع  تاثير معنوي ليس لهاكانت  TIBCلكن قيمة  االشخاص الطبيعيين
 .المجموعة الطبيعية

  تاثيريزداد Hb وPCV  من خالل إضافة الدم للمرضى المصابين  ملحوظةبصورة
ن الهبسدين له زيادة امتصاص الحديد تتأثر بمستوى الهبسدين لذلك هرمو فضال عن

يؤدي الى س وبالتاليتأثير ملحوظ على مرضى الثالسميا المتوسطة ألطفال العراق 
الحديد داخل الجسم مما يؤدي الى تراكم الحديد مع زيادة مستوى في  ملحوظ ارتفاع

وذلك بسبب اإلضافة المستمرة للدم، لكن لم ( الفرتين)مخزون الحديد داخل الجسم 
 .TIBCج ان هناك تأثير ملحوظ للترانسفرين ونالحظ من خالل النتائ
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