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HEMPROTEINSHEMPROTEINSHEMPROTEINSHEMPROTEINS
HemoglobinHemoglobinHemoglobinHemoglobin
MyoglobinMyoglobin
CytochromesCytochromesCytochromesCytochromes
PeroxidasesPeroxidases
T P lT P lTrp  PyrrolaseTrp  Pyrrolase
PG  SynthasePG  Synthase
NO  SynthaseNO  Synthase
Guanylate  SynthaseGuanylate  Synthase





NONNON--HEME PROTEINSHEME PROTEINSNONNON HEME  PROTEINSHEME  PROTEINS

TransferinTransferin
FerritinFerritinFerritinFerritin
HemsiderinHemsiderin
L t f iL t f iLactoferrinLactoferrin
IronIron--Sulfur  ProteinsSulfur  Proteins



TRANSFERIN (Tf)TRANSFERIN (Tf)TRANSFERIN (Tf)TRANSFERIN (Tf)

Is  Iron  Binding  Protein  In  CirculationIs  Iron  Binding  Protein  In  Circulation
Is  a  Is  a  75 75 kDa  kDa  ββ11--GlycoproteinGlycoproteins as a 55 aa ββ11 G ycop oteG ycop ote
Is  a  Negative  Acute  Phase  ProteinIs  a  Negative  Acute  Phase  Protein
Increases During PregnancyIncreases During PregnancyIncreases  During  Pregnancy    Increases  During  Pregnancy    
Apotransferin  Binds  to  Two  FeApotransferin  Binds  to  Two  Fe33++



FERRITIN  IS  THE  MAIN  STORAGE  FERRITIN  IS  THE  MAIN  STORAGE  
FORM OF IRON IN BODYFORM OF IRON IN BODYFORM  OF  IRON  IN  BODYFORM  OF  IRON  IN  BODY

Ferritin is a Spherical Protein, HavingFerritin is a Spherical Protein, HavingFerritin  is  a  Spherical  Protein,  HavingFerritin  is  a  Spherical  Protein,  Having
11) Apoferritin  Shell () Apoferritin  Shell (24  24  Subunit)Subunit)
22) Ferrih drite (FeOOH) Cr stal Core) Ferrih drite (FeOOH) Cr stal Core22) Ferrihydrite  (FeOOH)  Crystal  Core) Ferrihydrite  (FeOOH)  Crystal  Core



HEMOSIDERINHEMOSIDERINHEMOSIDERINHEMOSIDERIN

Consists of Aggregates ofConsists of Aggregates ofConsists  of  Aggregates  of  Consists  of  Aggregates  of  
Ferrihydrite  Core  Crystals,  Largely  Ferrihydrite  Core  Crystals,  Largely  
Devoid of AppoferritinDevoid of AppoferritinDevoid  of  AppoferritinDevoid  of  Appoferritin
It  Is  WaterIt  Is  Water--InsolubleInsoluble



LACTOFERRINLACTOFERRINLACTOFERRINLACTOFERRIN

Is TransferrinIs Transferrin--like Proteinlike ProteinIs  TransferrinIs  Transferrin like  Proteinlike  Protein
Is  Present  in  Granulocytes,  Milk  and  Is  Present  in  Granulocytes,  Milk  and  
Mucous SecretionsMucous SecretionsMucous  SecretionsMucous  Secretions
Has  Bacteriostatic  functionHas  Bacteriostatic  function
Facilitate  Iron  Transport  and  Storage  in  Facilitate  Iron  Transport  and  Storage  in  
MilkMilk



FeFe ––S CENTERS CENTERFe Fe S   CENTERS   CENTER



IRON  DISTRIBUTIONIRON  DISTRIBUTION
OOIN  BODYIN  BODY

Hemoglobin  (Hemoglobin  (2500  2500  mg)mg)
Myoglobin (Myoglobin (130130 mg)mg)Myoglobin  (Myoglobin  (130 130 mg)mg)
Tissue  Iron  (Enzymes  &  Coenzymes;  Tissue  Iron  (Enzymes  &  Coenzymes;  
88 mg)mg)8 8 mg)mg)
Storage  as  Ferritin  &  Hemosiderin  Storage  as  Ferritin  &  Hemosiderin  
(U t(U t 10001000 ))(Up  to  (Up  to  1000 1000 mg)mg)
Labile  Pool  (Labile  Pool  (80  80  mg)  mg)  



IRON  METABOLISM  OCCURSIRON  METABOLISM  OCCURS
C OS C CC OS C CIN  A  CLOSED  CYCLEIN  A  CLOSED  CYCLE



DIFFERENT PROTEINS INVOLVE DIFFERENT PROTEINS INVOLVE 
O O SO O SIRON METABOLISMIRON METABOLISM

FERRIREDUCTASESFERRIREDUCTASES
DCytbDCytb

FERROXIDASESFERROXIDASES
HephaestinHephaestin

StreapStreap33 CeruloplasminCeruloplasmin

TRANSPORTERSTRANSPORTERS REGULATORSREGULATORSTRANSPORTERSTRANSPORTERS
DMTDMT--11
FerroportinFerroportin

REGULATORSREGULATORS
HepcidinHepcidin
HemojuvelinHemojuvelinpp

TfRTfR11
MitoferrinMitoferrin

jj
TfRTfR22
HFEHFE
ILIL--66



INTESTINAL  ABSORPTION  IS  THE  MAIN  INTESTINAL  ABSORPTION  IS  THE  MAIN  
WAY IN BODY IRON REGULATIONWAY IN BODY IRON REGULATIONWAY  IN  BODY  IRON  REGULATIONWAY  IN  BODY  IRON  REGULATION



IRON  ABSORPTION  IS  IRON  ABSORPTION  IS  
CCAFFECTED  BYAFFECTED  BY

ACCELARATORS:ACCELARATORS:
Gastric  JuiceGastric  Juice

INHIBITORS:INHIBITORS:
PhosphtesPhosphtes

AscorbateAscorbate
CysteineCysteine

PhytatesPhytates
Tannic  AcidTannic  Acid

SorbitolSorbitol
FructoseFructose



REGULATION  OF  HEPCIDIN  REGULATION  OF  HEPCIDIN  
S S SS S SSYNTHESISSYNTHESIS

ACCELARATORS:ACCELARATORS:
Iron  Excess Iron  Excess 

INHIBITORS:INHIBITORS:
HypoxiaHypoxia

Through  Through  HJVHJV,  ,  HFEHFE, , 
TfRTfR22

ErythpoiesisErythpoiesis

Infection and Infection and 
I fl tiI fl tiInflammation Inflammation 
Through  Through  ILIL--66



CELLULAR  UPTAKE OF CELLULAR  UPTAKE OF 
IRON  OCCURES THROUGH IRON  OCCURES THROUGH 
RECEPTORRECEPTOR--MEDIATED MEDIATED 
ENDOCYTOSIS  OF  ENDOCYTOSIS  OF  
TRANSFERIN  TRANSFERIN  



INTRACELLULAR  REGULATION  INTRACELLULAR  REGULATION  
O O O SO O O SOF  IRON  METABOLISMOF  IRON  METABOLISM

Occures  Through  Occures  Through  
Regulation  of  SynthesisRegulation  of  Synthesis
Proteins  Such  as:Proteins  Such  as:

ApotransferinApotransferin
Transferin  ReceptorTransferin  Receptor
ApoferritinApoferritin
DMTDMT11



STEMSTEM--LOOP STRUCTURE IN mRNAsLOOP STRUCTURE IN mRNAsSTEMSTEM LOOP  STRUCTURE  IN  mRNAs    LOOP  STRUCTURE  IN  mRNAs    

Iron  Response  ElementsIron  Response  Elements
(IREs)(IREs)( )( )
Iron  Regulatory  Protein Iron  Regulatory  Protein 11
(IRP(IRP--11))(( ))



IRPIRP--1  1  IS  ACONITASEIS  ACONITASE
OO SSIN  IRONIN  IRON--DEPLETED  STATE   DEPLETED  STATE   



IREs  IN  mRNAs  OF  FERRITIN  (IREs  IN  mRNAs  OF  FERRITIN  (aboveabove)  )  
AND TRANSFERIN RECEPTOR (AND TRANSFERIN RECEPTOR (blbl ))AND  TRANSFERIN  RECEPTOR  (AND  TRANSFERIN  RECEPTOR  (blowblow)   )   



IRPIRP--1  1  Binding  to  IREs  and  Regulation  Binding  to  IREs  and  Regulation  
f RNA T l tif RNA T l tiof  mRNA  Translationof  mRNA  Translation

IRE inIRE in 55’ end of mRNA’ end of mRNAIRE  in  IRE  in  55   end  of  mRNA  end  of  mRNA
11)  Its binding to IRP)  Its binding to IRP--1 1 results in mRNA degradationresults in mRNA degradation
22) It is present in mRNA of Apoferritin TfR) It is present in mRNA of Apoferritin TfR22 andand22)  It is present in mRNA of Apoferritin, TfR)  It is present in mRNA of Apoferritin, TfR2 2 and and 

ALA synthase ALA synthase 

IRE inIRE in 33’ end of mRNA’ end of mRNAIRE  in  IRE  in  33’  end  of  mRNA’  end  of  mRNA
11)  Its binding to IRP)  Its binding to IRP--1 1 results in mRNA translationresults in mRNA translation
22)  It is present in mRNA of Apotransferin, TfR)  It is present in mRNA of Apotransferin, TfR1 1 and  and  

DMTDMT--11



ABNORMALITIES INABNORMALITIES INABNORMALITIES  IN ABNORMALITIES  IN 
IRON METABOLISMIRON METABOLISMIRON  METABOLISMIRON  METABOLISM



ABNORMALITIES  IN ABNORMALITIES  IN 
IRON  METABOLISMIRON  METABOLISM

Iron  DeficiencyIron  Deficiency
Iron Deficiency AnemiaIron Deficiency AnemiaIron  Deficiency  AnemiaIron  Deficiency  Anemia
Anemia  of  Chronic  DiseaseAnemia  of  Chronic  Disease
I O l dI O l dIron  OverloadIron  Overload
HemosiderosisHemosiderosis
HemochromathosisHemochromathosis
Sideroblastic AnemiaSideroblastic AnemiaSideroblastic  AnemiaSideroblastic  Anemia



IRON DEFICIENCY ANEMIA ISIRON DEFICIENCY ANEMIA ISIRON  DEFICIENCY  ANEMIA  ISIRON  DEFICIENCY  ANEMIA  IS

Most  Common  Form  of  Nutritional  Most  Common  Form  of  Nutritional  
Deficiencies  in  Both  Developed  and  Deficiencies  in  Both  Developed  and  
Developing  CountriesDeveloping  Countries
Most  Common  Organic  Disorders  in  Most  Common  Organic  Disorders  in  gg
Clinical  MedicineClinical  Medicine
Most Common AnemiaMost Common AnemiaMost  Common  Anemia  Most  Common  Anemia  



ETIOLOGIC FACTORSETIOLOGIC FACTORSETIOLOGIC  FACTORSETIOLOGIC  FACTORS

Decreased  Iron  IntakeDecreased  Iron  Intake
I d I LI d I LIncreased  Iron  LossIncreased  Iron  Loss
Increased  RequirmentsIncreased  Requirments
Unknown Unknown 



DECREASED IRON INTAKEDECREASED IRON INTAKEDECREASED  IRON  INTAKEDECREASED  IRON  INTAKE

Inadequate DietInadequate DietInadequate  DietInadequate  Diet
Impaired  AbsorptionImpaired  Absorption
11) D d G t i A id) D d G t i A id11)  Decreased  Gastric Acid)  Decreased  Gastric Acid
22)  Gastric  Surgery)  Gastric  Surgery
33)  Celiac  disease)  Celiac  disease
44)  Pica)  Pica



INCREASED IRON LOSSINCREASED IRON LOSSINCREASED  IRON  LOSSINCREASED  IRON  LOSS

GI Bl di d t N lGI Bl di d t N lGI  Bleeding  due  to Neoplasm,  GI  Bleeding  due  to Neoplasm,  
Hemorrhoids,  Peptic  Ulcer,  Hemorrhoids,  Peptic  Ulcer,  
H kH kHookworm,…Hookworm,…
Excessive  Menstural  FlowExcessive  Menstural  Flow
Disorders  of  HemostasisDisorders  of  Hemostasis



INCREASED IRON REQUIRMENTSINCREASED IRON REQUIRMENTSINCREASED  IRON  REQUIRMENTSINCREASED  IRON  REQUIRMENTS

PPPregnancyPregnancy
LactationLactation
InfancyInfancy



LABORATORY DIAGNOSISLABORATORY DIAGNOSISLABORATORY  DIAGNOSISLABORATORY  DIAGNOSIS

Blood  ExaminationBlood  Examination
Bone  Marrow  ExaminationBone  Marrow  Examination
Serum  Iron  DeterminationSerum  Iron  Determination
Serum  Transferin  DeterminationSerum  Transferin  Determination
Serum  Ferritin  DeterminationSerum  Ferritin  Determination
Serum  Transferin  Receptor  DeterminationSerum  Transferin  Receptor  Determinationpp
Erythrocyte  Porphyrines  DeterminationErythrocyte  Porphyrines  Determination



BLOOD EXAMINATIONBLOOD EXAMINATIONBLOOD  EXAMINATIONBLOOD  EXAMINATION
Microcytic  Hypochromic  Anemia  with  Microcytic  Hypochromic  Anemia  with  
Anisocytosis Microcytosis PoikilicytosisAnisocytosis Microcytosis PoikilicytosisAnisocytosis,  Microcytosis, PoikilicytosisAnisocytosis,  Microcytosis, Poikilicytosis
Reduced  Hct, Hb, MCV, ReticReduced  Hct, Hb, MCV, Retic
Increased RDWIncreased RDWIncreased  RDWIncreased  RDW
Normal  or  Slightly  Reduced  Leukocyte  Normal  or  Slightly  Reduced  Leukocyte  
Count with GranulocytopeniaCount with GranulocytopeniaCount  with  GranulocytopeniaCount  with  Granulocytopenia





BONE MARROW EXAMINATIONBONE MARROW EXAMINATIONBONE  MARROW  EXAMINATIONBONE  MARROW  EXAMINATION
Severly  Reduced  Iron  StorageSeverly  Reduced  Iron  Storage



SERUM DETERMINATION OFSERUM DETERMINATION OFSERUM  DETERMINATION  OFSERUM  DETERMINATION  OF
IRONIRON
TRANSFERINTRANSFERINTRANSFERINTRANSFERIN
FERRITINFERRITIN
TRANSFERIN RECEPTORTRANSFERIN RECEPTORTRANSFERIN  RECEPTORTRANSFERIN  RECEPTOR



PORPHYRIN DETERMINATIONPORPHYRIN DETERMINATIONPORPHYRIN  DETERMINATION PORPHYRIN  DETERMINATION 
Free  Erythrocytic  Free  Erythrocytic  
Porphyrines (FEP)Porphyrines (FEP)Porphyrines  (FEP)Porphyrines  (FEP)
Zinc  PorotoporphyrinesZinc  Porotoporphyrines
(ZPP)(ZPP)(ZPP)(ZPP)
ZPP/H  RatioZPP/H  Ratio



ANEMIA  OF  ANEMIA  OF  
CHRONIC  DISORDERS  CHRONIC  DISORDERS  

(ACD)(ACD)



GENERAL CHRACTERSGENERAL CHRACTERSGENERAL  CHRACTERSGENERAL  CHRACTERS
ACD Is Mild to Moderate AnemiaACD Is Mild to Moderate AnemiaACD  Is  Mild  to  Moderate  Anemia  ACD  Is  Mild  to  Moderate  Anemia  
That  Is  Often  Observed  in  Patients  That  Is  Often  Observed  in  Patients  
with  Infectious,  Inflammatory  or  with  Infectious,  Inflammatory  or  yy
Neoplastic  Diseases  that  Persist  for  Neoplastic  Diseases  that  Persist  for  
More  than  More  than  1  1  to  to  2  2  MonthsMonths
ACD  Is  Common  and  Occurs  in  ACD  Is  Common  and  Occurs  in  5050%  %  
Hospitalized  PatientsHospitalized  Patients
According  to  Underlying  Disorder,  According  to  Underlying  Disorder,  
Clinical  Manifestations  Vary  Widely  Clinical  Manifestations  Vary  Widely  



CONDITIONS  ASSOCIATED  CONDITIONS  ASSOCIATED  
WITH  ACD  WITH  ACD  

Chronic  InfectionsChronic  Infections
Pulmonary  Infection    Pulmonary  Infection    
Subacute Bacterial EndocarditisSubacute Bacterial EndocarditisSubacute  Bacterial  EndocarditisSubacute  Bacterial  Endocarditis
Chronic  Urinary  Tract  Infection Chronic  Urinary  Tract  Infection 
Human  Immunodeficiency  VirusHuman  Immunodeficiency  Virus
OsteomyelitisOsteomyelitisOsteomyelitisOsteomyelitis



Ch i I Di dCh i I Di dChronic  Immune  DisordersChronic  Immune  Disorders
Rheumatoid ArthritisRheumatoid ArthritisRheumatoid  ArthritisRheumatoid  Arthritis
Systemic  Lupus  ErythmatosusSystemic  Lupus  Erythmatosus
Regional  EnteritisRegional  Enteritis
VasculitisVasculitisVasculitisVasculitis



N lN lNeoplasmsNeoplasms
Carcinoma of Lung BreastCarcinoma of Lung BreastCarcinoma  of  Lung,  Breast, …Carcinoma  of  Lung,  Breast, …
Hodgkin  DiseaseHodgkin  Disease
LeukemiaLeukemia
Multiple MylomaMultiple MylomaMultiple  MylomaMultiple  Myloma



Mi llMi llMiscellaneousMiscellaneous
Alcoholic Liver DiseaseAlcoholic Liver DiseaseAlcoholic  Liver  DiseaseAlcoholic  Liver  Disease
Congestive  Heart  FailureCongestive  Heart  Failure
Ischemic  Heart  DiseaseIschemic  Heart  Disease



PHATHOGENESISPHATHOGENESISPHATHOGENESISPHATHOGENESIS

THERE ARE THREE PRINCIPALTHERE ARE THREE PRINCIPALTHERE  ARE  THREE  PRINCIPAL  THERE  ARE  THREE  PRINCIPAL  
ABNORMALITIES  ABNORMALITIES  

Shortened  Erythrocyte  SurvivalShortened  Erythrocyte  Survivaly yy y
Impaired  Marrow  ResponseImpaired  Marrow  Response
Abnormal Iron MetabolismAbnormal Iron MetabolismAbnormal  Iron  MetabolismAbnormal  Iron  Metabolism



PHATHOGENESISPHATHOGENESISPHATHOGENESISPHATHOGENESIS
CYTOKINE PRODUCTION IS COMMON PATHOGENICCYTOKINE PRODUCTION IS COMMON PATHOGENICCYTOKINE  PRODUCTION  IS  COMMON  PATHOGENIC  CYTOKINE  PRODUCTION  IS  COMMON  PATHOGENIC  

FACTOR  SHARED  BY  VARIOUS  CONDITIONS  FACTOR  SHARED  BY  VARIOUS  CONDITIONS  
ASSOCIATED  WITH  ACD ASSOCIATED  WITH  ACD 

CYTOKINES  MOST  OFTEN   IMPLICATED  ARE:   CYTOKINES  MOST  OFTEN   IMPLICATED  ARE:   

11) Interleukin) Interleukin--1  1  (IL(IL--11))
22) Tumor Necrosis Factor (TNF)) Tumor Necrosis Factor (TNF)22) Tumor  Necrosis  Factor  (TNF)) Tumor  Necrosis  Factor  (TNF)
33) Interferons) Interferons



SHORTENED  ERYTHROCYTE  SURVIVALSHORTENED  ERYTHROCYTE  SURVIVAL

ILIL--11
TNFTNF
Clearance  of  Minimally  Damaged  Clearance  of  Minimally  Damaged  
Erythrocytes  by  Activated  MacrophagesErythrocytes  by  Activated  Macrophages
Production  of  Hemolysins  by  Certain  Production  of  Hemolysins  by  Certain  
TumorsTumors
Localized Erythrocyte  Destruction Localized Erythrocyte  Destruction 



IMPAIRED MARROW RESPONSEIMPAIRED MARROW RESPONSEIMPAIRED  MARROW  RESPONSEIMPAIRED  MARROW  RESPONSE

Inappropriately  Low  Erythropoietin  Inappropriately  Low  Erythropoietin  
SecretionSecretion
Diminished  Marrow  Response  to  Diminished  Marrow  Response  to  
ErythropoietinErythropoietin
II Li it d E th i iLi it d E th i iIronIron--Limited  ErythropoiesisLimited  Erythropoiesis



ABNORMAL IRON METABOLISMABNORMAL IRON METABOLISMABNORMAL  IRON  METABOLISMABNORMAL  IRON  METABOLISM

There  Is  a  Fuctional  Iron  DeficiencyThere  Is  a  Fuctional  Iron  Deficiency
There  Is  a  Shift  of  Iron  from  a  There  Is  a  Shift  of  Iron  from  a  

ffTransferrinTransferrin--bound  to  Ferritinbound  to  Ferritin--incorporatedincorporated
Three  mechanisms  Can  Be  Mentioned:Three  mechanisms  Can  Be  Mentioned:

11)  Reduction  of  Transferin  Synthesis)  Reduction  of  Transferin  Synthesis
22)  Increased  Ferritin  Synthesis)  Increased  Ferritin  Synthesis
33)  Release  of  Lactoferrin)  Release  of  Lactoferrin



LABORATORY DIAGNOSISLABORATORY DIAGNOSISLABORATORY  DIAGNOSISLABORATORY  DIAGNOSIS

Blood  ExaminationBlood  Examination
Bone  Marrow  ExaminationBone  Marrow  Examination
Serum  Iron  DeterminationSerum  Iron  Determination
Serum Transferin DeterminationSerum Transferin DeterminationSerum  Transferin  DeterminationSerum  Transferin  Determination
Serum  Ferritin  DeterminationSerum  Ferritin  Determination
Erythrocyte  Porphyrines  Erythrocyte  Porphyrines  
DeterminationDetermination



IRON OVERLOADIRON OVERLOADIRON  OVERLOADIRON  OVERLOAD

HemosiderosisHemosiderosis
HemochromatosisHemochromatosis
Sideroblastic AnemiaSideroblastic AnemiaSideroblastic  AnemiaSideroblastic  Anemia




