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CALCIUM IN PLASMACALCIUM IN PLASMACALCIUM  IN  PLASMACALCIUM  IN  PLASMA

4040%  As  %  As  BoundBound to Proteins Including to Proteins Including 
Albumin (Albumin (8080%) and  Glubolins  (%) and  Glubolins  (2020%)%)(( ) () ( ))
1010%  As  %  As  ComplexComplex with  Anions  Such as  with  Anions  Such as  
Bicarbonate, Citrate, Lactate, Phosphate, Bicarbonate, Citrate, Lactate, Phosphate, 
Pyruvate, BetaPyruvate, Beta--Hydroxybutyrate, Sulfate, Hydroxybutyrate, Sulfate, 
HeparinHeparin
5050%  As  %  As  FreeFree



FACTORS  AFFECTING  FACTORS  AFFECTING  
OO C CC CBOUNDBOUND--CALCIUMCALCIUM

pHpH
Protein ConcenterationProtein ConcenterationProtein  ConcenterationProtein  Concenteration
Abnormal  ProteinsAbnormal  Proteins
Competition for BindingCompetition for BindingCompetition  for  BindingCompetition  for  Binding



FACTORS  AFFECTING  FACTORS  AFFECTING  
COCO C CC CCOMPLEXEDCOMPLEXED--CALCIUMCALCIUM

Concentration of  AnionsConcentration of  Anions
CitrateCitrateCitrateCitrate
HeparinHeparin
LactateLactateLactateLactate
Ketone  BodiesKetone  Bodies



CALCIUM DETERMINATIONCALCIUM DETERMINATIONCALCIUM  DETERMINATIONCALCIUM  DETERMINATION

INDIRECT METHODSINDIRECT METHODSINDIRECT  METHODSINDIRECT  METHODS
Precipitation  by  Organic  or  Inorganic  AnionsPrecipitation  by  Organic  or  Inorganic  Anions

Di t D t i ti b G i tDi t D t i ti b G i tDirect  Determination  by  GravimetryDirect  Determination  by  Gravimetry
Indirect  Determination by  Measuring  Anion       Indirect  Determination by  Measuring  Anion       



CALCIUM DETERMINATIONCALCIUM DETERMINATIONCALCIUM  DETERMINATIONCALCIUM  DETERMINATION

DIRECT METHODSDIRECT METHODSDIRECT  METHODSDIRECT  METHODS
Photometry   (Colorimetry)Photometry   (Colorimetry)

OO C l hth l i C l (CPC)C l hth l i C l (CPC)OO--Cresolphthaleine  Complexone  (CPC)Cresolphthaleine  Complexone  (CPC)
Arsenaso IIIArsenaso III
OOOther  DyesOther  Dyes
Atomic  Absorption  Spectrophtometry  Atomic  Absorption  Spectrophtometry  
(AAS)(AAS)



CALCIUM DETERMINATIONCALCIUM DETERMINATIONCALCIUM  DETERMINATIONCALCIUM  DETERMINATION

FREE CALCIUM DETERMINATIONFREE CALCIUM DETERMINATIONFREE  CALCIUM  DETERMINATIONFREE  CALCIUM  DETERMINATION
Ion  Selective  Electrode  (ISE)Ion  Selective  Electrode  (ISE)



CALCIUM DETERMINATIONCALCIUM DETERMINATIONCALCIUM  DETERMINATIONCALCIUM  DETERMINATION

SAMPLE FOR TOTAL CALCIUMSAMPLE FOR TOTAL CALCIUMSAMPLE  FOR  TOTAL  CALCIUM  SAMPLE  FOR  TOTAL  CALCIUM  
Calcium  Binds  to  AlbCalcium  Binds  to  Alb
Using Heparinized Plasma or SerumUsing Heparinized Plasma or SerumUsing  Heparinized  Plasma  or  Serum  Using  Heparinized  Plasma  or  Serum  
(Avoiding  Citrate,  Oxalate  &  EDTA)(Avoiding  Citrate,  Oxalate  &  EDTA)
Acid WashAcid WashAcid  WashAcid  Wash
Hemolysis  Has  Two  Different  EffectsHemolysis  Has  Two  Different  Effects
Not Using Lipemic & Icteric SamplesNot Using Lipemic & Icteric SamplesNot  Using  Lipemic  &  Icteric  SamplesNot  Using  Lipemic  &  Icteric  Samples
Stable  at  Stable  at  4400CC for  a  Few  Days  and  a  Few  for  a  Few  Days  and  a  Few  
months at Freezemonths at Freezemonths  at  Freezemonths  at  Freeze



CALCIUM DETERMINATIONCALCIUM DETERMINATIONCALCIUM  DETERMINATIONCALCIUM  DETERMINATION

SAMPLE FOR FREE CALCIUMSAMPLE FOR FREE CALCIUMSAMPLE  FOR  FREE  CALCIUM  SAMPLE  FOR  FREE  CALCIUM  
Whole  Blood  with  Heparin  or  Serum Whole  Blood  with  Heparin  or  Serum 
C l i Bi d t AlbC l i Bi d t AlbCalcium  Binds  to  AlbCalcium  Binds  to  Alb
pH  EffectpH  Effect
Effect  of  HeparinEffect  of  Heparin
Assay without DelayAssay without DelayAssay  without  DelayAssay  without  Delay



MAGNESIUM DETERMINATIONMAGNESIUM DETERMINATIONMAGNESIUM  DETERMINATIONMAGNESIUM  DETERMINATION

Total  MagnesiumTotal  Magnesiumgg
11)  Colorimetric  Methods)  Colorimetric  Methods

CalmagitCalmagit
Formazan  DyeFormazan  Dye
Methyl  Thymol  BlueMethyl  Thymol  Blue
Titan YellowTitan YellowTitan  YellowTitan  Yellow

22)  )  Atomic  Absorption  Spectrophotometry  (AAS)Atomic  Absorption  Spectrophotometry  (AAS)
33) Enzymatic with Hexokinse) Enzymatic with Hexokinse33)  Enzymatic  with  Hexokinse )  Enzymatic  with  Hexokinse 
Free  MagnesiumFree  Magnesium
Ion  Selective  Electrode  (ISE) Ion  Selective  Electrode  (ISE) 



MAGNESIUM DETERMINATIONMAGNESIUM DETERMINATIONMAGNESIUM  DETERMINATIONMAGNESIUM  DETERMINATION

SAMPLESAMPLESAMPLESAMPLE
Magnesium  Binds  to  ProteinsMagnesium  Binds  to  Proteins
Increasing During ActivityIncreasing During ActivityIncreasing  During  ActivityIncreasing  During  Activity
Using  Heparinized  Plasma  or  Serum  Using  Heparinized  Plasma  or  Serum  
(Avoiding Citrate Oxalate & EDTA)(Avoiding Citrate Oxalate & EDTA)(Avoiding  Citrate,  Oxalate  &  EDTA)(Avoiding  Citrate,  Oxalate  &  EDTA)
Higher  Concentration  in  CellsHigher  Concentration  in  Cells
Not Using Lipemic & Icteric SamplesNot Using Lipemic & Icteric SamplesNot  Using  Lipemic  &  Icteric  SamplesNot  Using  Lipemic  &  Icteric  Samples
Urine  Collection  with  AcidUrine  Collection  with  Acid



PHOSPHATE DETERMINATIONPHOSPHATE DETERMINATIONPHOSPHATE  DETERMINATIONPHOSPHATE  DETERMINATION

Phosphate not PhosphrousPhosphate not PhosphrousPhosphate  not  PhosphrousPhosphate  not  Phosphrous
Phosphates  Exist  as  Organic  &  InorganicPhosphates  Exist  as  Organic  &  Inorganic
Phosphates Are IntraPhosphates Are Intra-- and Extracellularand ExtracellularPhosphates  Are  IntraPhosphates  Are  Intra-- and  Extracellularand  Extracellular



PHOSPHATE DETERMINATIONPHOSPHATE DETERMINATIONPHOSPHATE  DETERMINATIONPHOSPHATE  DETERMINATION

Direct  (Nonenzymatic)  MethodsDirect  (Nonenzymatic)  Methods( y )( y )

11)  Ammonium  Molybdate)  Ammonium  Molybdate
Phosphate Ions  +  Ammonium  MolybdatePhosphate Ions  +  Ammonium  Molybdate

Phosphomolibdate + Ammonium IonsPhosphomolibdate + Ammonium IonsPhosphomolibdate    Ammonium  IonsPhosphomolibdate    Ammonium  Ions

UV  Spectrophotometry  (Phosphomolybdate  Has  Absorption  at  UV  Spectrophotometry  (Phosphomolybdate  Has  Absorption  at  340340nm)nm)
C l i (R d i M l bd )C l i (R d i M l bd )Colorimetry  (Reduction  to  Molybdenum)Colorimetry  (Reduction  to  Molybdenum)

22)  Vanadate   Molybdate )  Vanadate   Molybdate ) y) y



PHOSPHATE DETERMINATIONPHOSPHATE DETERMINATIONPHOSPHATE  DETERMINATIONPHOSPHATE  DETERMINATION

Indirect  (Enzymatic)  MethodsIndirect  (Enzymatic)  Methods( y )( y )

11)  Glycogen  Phosphorylase ,    )  Glycogen  Phosphorylase ,    
Phosphoglucomutase and GPhosphoglucomutase and G66PDPDPhosphoglucomutase  and  GPhosphoglucomutase  and  G66PDPD

22)  Sucrose  Phosphorylase ,    )  Sucrose  Phosphorylase ,    
Phosphoglucomutase and GPhosphoglucomutase and G66PDPDPhosphoglucomutase  and  GPhosphoglucomutase  and  G66PDPD

33)  Nucleotide  Phosphorylase ,    )  Nucleotide  Phosphorylase ,    
Xanthine Oxidase and PeroxidaseXanthine Oxidase and PeroxidaseXanthine  Oxidase  and  PeroxidaseXanthine  Oxidase  and  Peroxidase



PHOSPHATE DETERMINATIONPHOSPHATE DETERMINATIONPHOSPHATE  DETERMINATIONPHOSPHATE  DETERMINATION
SAMPLESAMPLE
11)  Effects  of  age,  Diet ,  Activity, Diurnal   )  Effects  of  age,  Diet ,  Activity, Diurnal   

variationvariation
22) S H i i d Pl) S H i i d Pl22)  Serum  or  Heparinized  Plasma)  Serum  or  Heparinized  Plasma
33)  Hemolysis)  Hemolysis
44) Effect of Detergents) Effect of Detergents44)  Effect  of  Detergents)  Effect  of  Detergents
55)  Large  Amount  in  RBC)  Large  Amount  in  RBC
66)  Storage  at  )  Storage  at  4400C C for  few  Days  and  few     for  few  Days  and  few     ) g) g yy

Months  at  Freeze Months  at  Freeze 
77)  Collection  Urine  With  Acid  )  Collection  Urine  With  Acid  



IRON METABOLISMIRON METABOLISMIRON  METABOLISM  IRON  METABOLISM  
ASSESSMENTASSESSMENT

Hct,  Hb,  RBC,  Erythrocytic  IndexesHct,  Hb,  RBC,  Erythrocytic  Indexes
SI,  TIBC,  UIBC,  TsatSI,  TIBC,  UIBC,  Tsat
Transferin,  TrfR,  Ferittin,   Transferin,  TrfR,  Ferittin,   , , ,, , ,



VARIATION OF SERUM IRONVARIATION OF SERUM IRONVARIATION  OF  SERUM  IRONVARIATION  OF  SERUM  IRON

DECREASEDDECREASED
Iron DeficiencyIron Deficiency

INCREASEDINCREASED
Iron  OverloadIron  OverloadIron  DeficiencyIron  Deficiency

MalnutritionMalnutrition
Chronic DiseseseChronic Disesese

Iron  TherapyIron  Therapy
Aplastic  AnemiaAplastic  Anemia

Chronic DiseseseChronic Disesese
Response to Response to 
hematinic therapyhematinic therapy

Hepatic DiseaseHepatic Disease

hematinic therapyhematinic therapy
Recent blood lose  Recent blood lose  



SERUM IRON DETERMINATIONSERUM IRON DETERMINATIONSERUM  IRON  DETERMINATIONSERUM  IRON  DETERMINATION

In Three StagesIn Three StagesIn  Three  StagesIn  Three  Stages
Releasing  Iron  by  Reducing  pHReleasing  Iron  by  Reducing  pH
R d ti f FR d ti f F 33++ t Ft F 22++ bbReduction  of  FeReduction  of  Fe33++ to  Feto  Fe22++ by  by  
Reducing  AgentReducing  Agent
Iron  Chelating  by  Chromogens  such  Iron  Chelating  by  Chromogens  such  
as  as  Bathophenantroline Bathophenantroline and  and  Ferrozine   Ferrozine   



IRON DETERMINATIONIRON DETERMINATIONIRON  DETERMINATIONIRON  DETERMINATION
SAMPLESAMPLESAMPLESAMPLE

Changing  During  DayChanging  During  Day
Protein BindingProtein BindingProtein  BindingProtein  Binding
Serum  or  Heparinized  PlasmaSerum  or  Heparinized  Plasma

A id U i EDTA Cit t & O l tA id U i EDTA Cit t & O l tAvoid  Using  EDTA,  Citrate  &  OxalateAvoid  Using  EDTA,  Citrate  &  Oxalate
HemolysisHemolysis
Iron  ContaminationIron  Contamination
3  3  Days  at  RT  and  Days  at  RT  and  7  7  Days  at  Days  at  4400CC



SERUM IRONSERUM IRON DETERMINATIONDETERMINATIONSERUM  IRONSERUM  IRON DETERMINATIONDETERMINATION
Decreased  In  Decreased  In  Iron  deficiency  Anemia Iron  deficiency  Anemia &  &  Anemias  Anemias  yy
of  Chronic  Diseasesof  Chronic  Diseases
Increased  In  Increased  In  Sideroblastic  AnemiaSideroblastic  Anemia
It Is Normal or High InIt Is Normal or High In ββ Thalassemia TraitThalassemia TraitIt  Is  Normal  or  High  In It  Is  Normal  or  High  In ββ--Thalassemia  Trait  Thalassemia  Trait  

S I I N t R d d f D t ti f IS I I N t R d d f D t ti f ISerum  Iron Is Not  Recommended  for  Detection  of  Iron  Serum  Iron Is Not  Recommended  for  Detection  of  Iron  
Deficiency  Anemia , Because  of:Deficiency  Anemia , Because  of:
Technical  ProblemsTechnical  Problems
Diurnal  VariationDiurnal  Variation
Weak  Corroleation     Weak  Corroleation     



MEASURMENT OF TRANSFERINMEASURMENT OF TRANSFERINMEASURMENT  OF  TRANSFERINMEASURMENT  OF  TRANSFERIN

It  IsIt  Is
Increased   In  Iron  DeficiencyIncreased   In  Iron  Deficiency
Normal  or  Decreased  In  ACDNormal  or  Decreased  In  ACD
Decreased  In  Sideroblastic  Anemia Decreased  In  Sideroblastic  Anemia 
Normal  In  BetaNormal  In  Beta--Thalassemia  TraitThalassemia  Trait

It  Is  Measured  Directly  by  ImmunoassaysIt  Is  Measured  Directly  by  Immunoassays
Or  Calculated  from  TIBCOr  Calculated  from  TIBC

TRF (mg/dL)   =   TRF (mg/dL)   =   00..7  7  x  TIBC  (x  TIBC  (μμg/dL)  g/dL)  



IRON BINDING CAPACITY (IBC)IRON BINDING CAPACITY (IBC)IRON  BINDING  CAPACITY  (IBC)IRON  BINDING  CAPACITY  (IBC)

TIBC  MeasurmentTIBC  Measurment
Adding  Excess  FeAdding  Excess  Fe33++

UIBC  MeasurmentUIBC  Measurment
Adding  FeAdding  Fe33++ In  Known  In  Known  

Saturation  of  TRFSaturation  of  TRF
Removing  Free  FeRemoving  Free  Fe33++

by MgCOby MgCO33

AmountAmount
Saturation  of  TRFSaturation  of  TRF
Measuring Free FeMeasuring Free Fe33++by  MgCOby  MgCO33

Iron  Measuring  in  Iron  Measuring  in  
SupernatantSupernatant

Measuring  Free  FeMeasuring  Free  Fe33++

UIBC  =  Added  Fe UIBC  =  Added  Fe --
Free  FeFree  Fepp
TIBC  =  UIBC  +  SI TIBC  =  UIBC  +  SI 



MEASURMENT OF FERRITINMEASURMENT OF FERRITINMEASURMENT  OF  FERRITINMEASURMENT  OF  FERRITIN

Selective Method for Assessing IronSelective Method for Assessing IronSelective  Method  for  Assessing  Iron  Selective  Method  for  Assessing  Iron  
Body  Storage Body  Storage 
It Is Sensitive Marker for IronIt Is Sensitive Marker for IronIt  Is  Sensitive  Marker  for  Iron  It  Is  Sensitive  Marker  for  Iron  
DeficiencyDeficiency
It Is A Positive Acute PhaseIt Is A Positive Acute PhaseIt  Is  A  Positive  Acute  Phase  It  Is  A  Positive  Acute  Phase  
ReactantsReactants
Increases During Hepatocyte DamageIncreases During Hepatocyte DamageIncreases  During  Hepatocyte  DamageIncreases  During  Hepatocyte  Damage
Is Not a Sensitive Marker for Iron Is Not a Sensitive Marker for Iron 
overloadoverloadoverload    overload    



CONDITIONS  AFFECTING  ON  CONDITIONS  AFFECTING  ON  
S f CS f CSI,  Tf,  and  TIBCSI,  Tf,  and  TIBC

Diurnal  VariationDiurnal  Variation
M t l C lM t l C lMenstural  CycleMenstural  Cycle
PregnancyPregnancy
Oral  ContraceptiveOral  Contraceptive
Iron ContaminationIron ContaminationIron  ContaminationIron  Contamination



CONDITIONS  AFFECTING  ON  CONDITIONS  AFFECTING  ON  
S f CS f CSI,  Fer,  Tsat,  Tf,  and  TIBCSI,  Fer,  Tsat,  Tf,  and  TIBC

CONDITIONCONDITION SISI FerFer TsatTsat TfTf TIBCTIBC

IronIron DecreasedDecreased DecreasedDecreased DecreasedDecreased IncreasedIncreased IncreasedIncreasedIron Iron 
deficeincydeficeincy

DecreasedDecreased DecreasedDecreased DecreasedDecreased IncreasedIncreased IncreasedIncreased

MalnutritionMalnutrition DecreasedDecreased DecreasedDecreased DecreasedDecreased DecreasedDecreased DecreasedDecreased

Chronic Chronic 
infectioninfection

DecreasedDecreased IncreasedIncreased DecreasedDecreased DecreasedDecreased DecreasedDecreased

MalignancyMalignancy DecreasedDecreased IncreasedIncreased DecreasedDecreased DecreasedDecreased DecreasedDecreased



CONDITIONS  AFFECTING  ON  CONDITIONS  AFFECTING  ON  
S f CS f CSI,  Fer,  Tsat,  Tf,  and  TIBCSI,  Fer,  Tsat,  Tf,  and  TIBC

CONDITIONCONDITION SISI FerFer TsatTsat TfTf TIBCTIBC

IronIron IncreasedIncreased IncreasedIncreased IncreasedIncreased DecreasedDecreased DecreasedDecreasedIron Iron 
OverdoseOverdose

IncreasedIncreased IncreasedIncreased IncreasedIncreased DecreasedDecreased DecreasedDecreased

HemochroHemochro-- IncreasedIncreased IncreasedIncreased IncreasedIncreased Slightly Slightly 
D dD d

SlightlySlightly
MatoseMatose DecreasedDecreased DecreasedDecreased

Sideroblastic Sideroblastic 
anemiaanemia

IncreasedIncreased IncreasedIncreased IncreasedIncreased Normal/Normal/
DecreasedDecreased

Normal/Normal/
DecreasedDecreased

Acute liver Acute liver 
diseasedisease

IncreasedIncreased IncreasedIncreased IncreasedIncreased Variable/Variable/
IncreasedIncreased

Variable/ Variable/ 
IncreasedIncreased

Viral Viral 
hepatitishepatitis

IncreasedIncreased IncreasedIncreased Normal/Normal/
IncreasedIncreased

IncreasedIncreased IncreasedIncreased




