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FeFe2+2+, Fe, Fe3+3+

•• TheThe totaltotal iron iron contentcontent ofof thethe adultadult body: body: 
aboutabout 4 g in 4 g in malesmales

2.5 g in 2.5 g in femalesfemales

•• DailyDaily intakeintake 10 10 -- 30 mg, 30 mg, absorptionabsorption aboutabout
10%10%

•• DailyDaily losslossaboutabout 1 mg 1 mg 



SERUM IRON CONCENTRATIONSERUM IRON CONCENTRATION
newbornsnewborns 99 -- 36 36 µµµµµµµµmolmol/l/l

sucklingssucklings 4 4 -- 28 28 µµµµµµµµmolmol/l/l

childrenchildren 9 9 -- 22 22 µµµµµµµµmolmol/l/l

•• adultadult menmen 12 12 -- 27 27 µµµµµµµµmolmol/l/l

•• womenwomen10 10 -- 24 24 µµµµµµµµmolmol/l/l

•• 560 560 -- 1500 1500 µµµµµµµµg/lg/l

SERUM IRON CONCENTRATION DURING LIFE

birth 

circadian variation with maximal values in the morning

Fe/S

age

3rd year 

4th to 6th month



IRON ABSORPTIONIRON ABSORPTION

•• duodenumduodenum, , jejunumjejunum
• ferric (Fe3+) ions must be converted to ferrous

(FeFe2+2+) - presence of gastricHClHCl isis neededneeded
• ascorbic acid, alcohol and otherreducingreducing

substancessubstances, HCl, intrinsic factor - facilitatefacilitate
absorptionabsorption

• phosphates, phytic acid, oxalates, Co, Mn, Ni, 
Zn, chelates-- decreasedecreaseabsorptionabsorption

•• regulatedregulated by by thethe capacitycapacity ofof ferritinferritin ofof thethe
enterocytesenterocytes(the amount sequestred within the cells
depends on the body stores of iron)



IRON LOSSIRON LOSS

•• faecesfaeces(0.6 mg/d):(0.6 mg/d):non-absorbed (90%), 
bile, and shed mucosal iron

•• skin skin desquamationdesquamation(0.1 mg/d)(0.1 mg/d)

•• perspirationperspiration (0.1 mg/d)(0.1 mg/d)

•• urine (0.1 mg/urine (0.1 mg/d)d)

•• menstruationmenstruation (0.4 mg/d)(0.4 mg/d)



IRON IN ORGANISMIRON IN ORGANISM

•• FunctionalFunctional:: haemoglobin(65-70%), 
myoglobin (10%), cytochromes, FeS-
proteins, enzymes

•• Transport: Transport: transferrin (0.15%)

•• StorageStorageproteinsproteins ((20%): ferritin
haemosiderin



HAEMOGLOBINHAEMOGLOBIN

FeFe2+2+

METHAEMOGLOBINMETHAEMOGLOBIN

Fe2+ → Fe3+ ← NO2
- etc.

HbM (HisF8 →Tyr), deficiency of methaemoglobinreductase
or G6PD



MYOGLOBINMYOGLOBIN
• Fe2+

• 1 heme and 1 globin
chain

• ↑ afinity for O 2 than Hb

CYTOCHROMES
• heme metaloproteins of

respiratory chain
• Fe3+↔ Fe2+

Cyt c



DIAGNOSTIC TESTS  OF IRON DIAGNOSTIC TESTS  OF IRON 
STATUSSTATUS

• HAEMATOLOGICAL
• haemoglobin
• red cell indices
• examinations of bone marrow

• BIOCHEMICAL



BIOCHEMICAL TESTS OF IRON BIOCHEMICAL TESTS OF IRON 
STATUS STATUS 

•• SERUM IRONSERUM IRON

•• TRANSFERRINTRANSFERRIN

•• TRANSFERRIN RECEPTORSTRANSFERRIN RECEPTORS

•• FERRITINFERRITIN



SERUM IRONSERUM IRON

•• normalnormal valuesvalues((adultsadults)) in in malesmales12 12 -- 27 27 µµµµµµµµmolmol/l/l
in in femalesfemales10 10 -- 24 24 µµµµµµµµmolmol/l/l

•• isis ofof littlelittle valuevalue in in thethe investigationinvestigation ofof iron iron metabolismmetabolism(a (a fallfall isis
a a latelate featurefeature ofof iron iron deficiencydeficiency))

•• ↓↓:: iron iron deficiencydeficiency,  ,  infectioninfection, , chronicchronic inflammationinflammation , , 
malignanciesmalignancies, , bloodblood lossloss

•• ↑↑: : haemolytichaemolytic anemiaanemia, iron , iron poisoningpoisoning, hepatitis, iron , hepatitis, iron 
overloadoverload



TRANSFERRINTRANSFERRIN

•• transport  protein for Fetransport  protein for Fe3+3+,, ββββββββ11111111--globulin from liverglobulin from liver

•• normalnormal serumserum concentrationconcentration 22--4 g/l4 g/l = 23 = 23 –– 45 45 µµµµµµµµmolmol/l/l

•• ↓↓:: atransferinemiaatransferinemia ((hereditaryhereditary dis.), dis.), hypotransferinemiahypotransferinemia
((exsudativeexsudativeenteropathyenteropathy, , nefrotiicnefrotiic sysy), protein ), protein malnutritionmalnutrition , , 
chronicchronic liverliver diseasedisease, , inflammationinflammation (negative (negative acuteacutephasephase
protein), protein), anemiaanemia

•• ↑↑:: FeFe/S /S ↑↑:: acuteacutehepatitis, hepatitis, cirrhosiscirrhosis, , hemolytichemolytic anemiaanemia

FeFe/S /S ↓↓:: iron iron deficiencydeficiency, , pregnancypregnancy



TRANSFERRINTRANSFERRIN

•• normallynormally onlyonly 30 30 -- 40% 40% ofof thethe iron iron bindingbinding sitessitesofof
transferrintransferrin ((totaltotal ironiron --bindingbinding capacitycapacity ––
TIBC)TIBC) are are occupiedoccupiedby by FeFe 3+3+ = = transferrintransferrin
saturationsaturation, , thethe rest rest isis serumserum unsaturatedunsaturated iron iron 
bindingbinding capacitycapacity (UIBC)(UIBC)

•• totaltotal iron iron bindingbinding capacitycapacity (TIBC) (TIBC) isis thethe maximalmaximal
iron iron concentrationconcentration, , thatthat serumserum ((principallyprincipally
transferrintransferrin ) ) cancan bindbind



NormalNormal valuesvaluesandand calculationscalculations

•• TIBC (TIBC ( µµµµµµµµmolmol/l)/l) = = transferintransferin /S (/S (µµµµµµµµmolmol/l) x 2  /l) x 2  
= 46 = 46 -- 90 90 µµµµµµµµmolmol/l/l

•• TIBC (mg/l)TIBC (mg/l) = = transferintransferin /S (g/l) x 2 x /S (g/l) x 2 x 

= 2.8 = 2.8 –– 5.6 mg/l5.6 mg/l

•• saturationsaturation [%] = [%] = x  4,41x  4,41

== 15 15 –– 45%45%

79 57079 570

5656

FeFe/S [/S [µµµµµµµµmolmol /l]/l]

transferintransferin /S  [g/l]/S  [g/l]



•• TIBCTIBC

•• ↓↓:: hemolytichemolytic anemiaanemia, , hemochromatosishemochromatosis, , cirrhosiscirrhosis

•• ↑↑:: iron iron deficiencydeficiency

•• SaturationSaturation

•• ↓↓: : iron iron deficiencydeficiency

•• ↑↑: : iron iron abundanceabundance



TRANSFERRIN RECEPTORSTRANSFERRIN RECEPTORS
sTfRsTfR

•• estimationestimation ofof amountamount releasedreleasedintointo circulationcirculation
isis thethe most sensitive most sensitive indicatorindicator ofof cell iron cell iron 
deficiencydeficiency

•• ↑↑: : iron iron deficiencydeficiency

•• ↓↓: IC : IC abundanceabundanceofof ironiron

•• sTfRsTfR /S = 0.85 /S = 0.85 –– 2.29 mg/l2.29 mg/l



Receptor indexReceptor index

•• sTfRsTfR / log / log feritinferitin

•• differentiationdifferentiation ofof iron iron deficiencydeficiency↑↑

xx

•• deficiencydeficiency in in malignanciesmalignanciesandand chronicchronic
inflammationsinflammations ↓↓



FERRITINFERRITIN

•• FeFe3+3+ storagestorageprotein protein foundfound in in nearlynearly allall cellscellsofof
thethe body. body. 

•• In In thethe liverliver andand in in thethe macrophagemacrophagesystemsystem, , itit
providesprovides a a reservereserveofof iron iron readilyreadily availableavailable for for 
formationformation oror haemoglobinhaemoglobinandand otherother ironiron --
containingcontaining proteinsproteins. . 

•• tissuetissuespecificspecific izoferritinsizoferritins

protein capsule – apoferritin
24 subunits, type H (heavy)

L (light)

Fe3+



FERRITINFERRITIN

•• normalnormal serumserum concentrationconcentration inin malesmales50 50 -- 710 710 pmolpmol/l/l

•• femalesfemales20 20 -- 640 640 pmolpmol/l/l

•• thethe valuevalue indicatesindicates thethe tissuetissuestoresstoresofof ironiron

•• ↓↓:: iron iron deficiencydeficiency

•• ↑↑:: iron iron overloadoverload, , malignanciesmalignancies((nonnon--specificspecific tumor tumor 
markermarker ), ), chronicchronic inflammationinflammation ((acuteacutephasephase
protein)protein)



Iron in Iron in organismorganism

•• ! negative ! negative consequenceconsequence–– prooxidativeprooxidative
effecteffect::

•• FentonFenton reactionreaction::

• H2O2 + Fe2+→ OH- + ˙OH + Fe3+

• Fe3+ + O2
.-→ Fe2+ + O2



Iron Iron deficiencydeficiency

•• oneoneofof thethe most most prevalentprevalent disordersdisorders ofof humanshumans, , 
particularlyparticularly childrenchildren, , youngyoung womenwomen, , andand elderlyelderly

•• hypochromichypochromic mikrocyticmikrocytic anemiaanemia

•• duedue to to dietarydietary iron iron deficiencydeficiency, , chronicchronic bloodblood lossloss, , 
malignancymalignancy oror increasedincreasedrequirementrequirement ofof iron in iron in 
pregnancypregnancy, , breastfeedingbreastfeeding, , childrenchildren oror bloodblood donorsdonors



HypochromicHypochromic mikrocyticmikrocytic anemiaanemia

•• HaematologicalHaematologicalandand biochemicalbiochemical findingsfindings::

•• ↓↓ eryery,  ,  ↓↓ HbHb, , ↓↓ MCV, MCV, ↓↓ MCH, MCH, ↓↓ MCHCMCHC

•• ↓↓ FeFe/S/S

•• ↓↓ ferritinferritin – early and sensitive indicator

•• ↑↑ transferrintransferrin
•• ↑↑ TIBC TIBC – late indicator, ↓↓ transferrintransferrin saturationsaturation
•• ↑↑ sTfRsTfR – the most sensitive indicator



Iron Iron overloadoverload

•• HaemochromatosisHaemochromatosis
•• hereditaryhereditary disorderdisorder, , anan inborninborn errorerror ofof regulation of regulation of 

ironiron absorptionabsorption

•• clinicalclinical featuresfeatures: : hepatichepatic cirrhosiscirrhosis, , cardiomyopathycardiomyopathy, , 
diabetes diabetes mellitusmellitus, , hyperpigmentationhyperpigmentation andand arthritisarthritis

•• HemosiderosisHemosiderosis
•• nonnon--hereditaryhereditary disorderdisorder; term ; term usedusedto to implyimply iron iron 

overloadoverload


