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Hemoglobin readily combines with any gas or other

substances to form some products are called derivatives of

haemoglobin.

➢ Oxyhemoglobin (OxyHb) – DARK RED

➢ Deoxyhemoglobin (DeoxyHb) – PURPLE,

➢ Methemoglobin (MetHb) - DARK BROWN,

➢ Carboxyhemoglobin (Carboxy-Hb) – CHERRY RED

➢ Sulfhemoglobin - GREEN
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➢ The derivatives which reduces the oxygen carrying

capacity of the blood are referred as abnormal Hb

derivatives.

➢ Measurement of abnormal Hb derivatives can be helpful

in diagnosing and monitoring exposure to the toxic

compounds.

➢ Each Hb derivatives have characteristic colour and

absorption spectra.
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➢MetHb has markedly decreased capacity of oxygen binding

and transport.

➢Causes: H
2
O

2
, free radicals and drugs.

➢Mechanism:

(i) In normal circumstances, the molecular O
2

does not oxidize

Hb, it only loosely binds to form oxyHb.

(ii)

(iii) The metHb (with Fe
3+

) is unable to bind to O
2
, instead, a

H
2
O molecule occupies the O

2
site in the heme of metHb.

Hb (Fe
2+

) + Oxidants         Met.Hb (Fe
3+

)
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➢The oxidation of hemoglobin results in

methemoglobin (MetHb).
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➢ Methemoglobinemia is manifested as Cyanosis.

Methemoglobinemia

Congenital 

Methemoglobinemia 

Acquired 

Methemoglobinemia 

➢Hb variants like HbM

➢Cytochrome b5 reductase

➢Aniline dyes

➢Acetaminophen, Phenacetin, 

Sulphanilamide, amyl 

nitrite, sodium nitroprusside

➢Glucose-6-phosphate 

deficiencyDepartment of Biochemistry 5

➢ Normal blood has <1% of methemoglobin

where increase in methemoglobin in blood is

derived as methemoglobinemia.
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➢ HCN and cyanides do not react directly with Hb but react

with methemoglobin to form cyanmethemoglobin (non-

toxic).

➢ Hemoglobinometer used to quantify the hemoglobin.

➢ Cyanide exhibits its toxicity by inhibiting cytochrome

oxidase a
3

of electron transport chain and stops cellular

respiration.

Biochemical basis for treatment of cyanide poisoning:

Sodium thiosulfate I.V. administration is preferred which reacts 

with cyanides yielding thiocyanates and can be excreted out.
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➢CO has 200 times more affinity than

O
2

for Hb.

Mechanism:

➢Binding of CO to one monomer of

globin increases the affinity of others

to O
2
; so that the O

2
bound to these

monomers are not released resulting

in decreased availability of oxygen to

the tissues.

Sources

Department of Biochemistry 7

➢Carbon monoxide (CO) is a

toxic compound combines with

heme portion of Hb to form carbon

monoxide Hb or carboxy-Hb.
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➢Clinical manifestations of CO toxicity are observed when the

CO-Hb concentration exceeds 20%, which includes

i. Head ache, iv. vomiting

ii. Nausea, v. irritability

iii. Breathelessness, vi. Chest pain

At 40-60% saturation, death can result.

➢Administration of oxygen is the treatment. In severe cases,

oxygen under high pressure (hyperbaric oxygen) is helpful.
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➢ CO is a colorless, odorless, tasteless gas and

its action is insidious and rapid.
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➢ It is formed by oxidation of Hb in the presence of            

SH-containing compounds to stable compound called 

Sulfhemoglobin.

Causes: 

➢ The formation of sulfhemoglobin involves the production 

of H
2
S in the intestine by bacterial action on proteins.

➢ Sulfhemoglobin cannot act as a carrier of oxygen nor can 

converted back to hemoglobin.

i. Aromatic amines or sulfur

ii. Hydrogen sulfide (H
2
S)
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➢ It contains one or more sulfur atom. 
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Abnormal Hb 

Derivatives

Description

1. Methemoglobin Ferrous (Fe
2+

) is replaced by ferric 

(Fe
3+

). Unable to transport O
2
. 

Can be converted back to 

hemoglobin

2. Carboxyhemoglobin Oxygen (O
2
) is replaced by carbon 

monoxide (CO). 

Unable to transport O
2
. 

Very stable compound.

3. Sulfhemoglobin Contains one or more atom. Unable 

to transport O
2

nor can be converted 

back to hemoglobin.
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➢ Abnormal hemoglobin are the resultant of mutations in the

genes that codes for α and β chains of globin.

➢ These abnormalities are genetically transmitted due to single

mutant gene.

There are 2 types,

I. If a mutation affects structural gene, results in replacement

of a single aminoacid residue by some other aminoacid

resulting into abnormal Hb.

II. If the mutation affects the regulatory gene inturn affects the

rate of synthesis of the peptide chains, the aminoacid

sequence remains unaffected. This produced thalassemias.
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Sickle cell anemia (HbS) is

The most common form of

abnormal hemoglobins.

Molecular basis of HbS:

➢ The sickle cell hemoglobin 

(HbS) has two normal        

α- globin chains and two 

abnormal (mutant)          

β-globin chains.

➢ In HbS, glutamate at sixth 

position of β-chain is 

replaced by valine.
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Sticky patches & Formation of 

Deoxyhemoglobin Fibres

➢ The substitution of valine (non-polar) for glutamate (polar)

results in a sticky patch on the outer surface of β-chains.

➢The sticky patch of one 

deoxy HbS polymerises

with another deoxyHbS, 

leads to long fibrous 

precipitates. 
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➢ Causes marked decrease 

in the solubility of HbS

in deoxygenated form.

➢ These stiff fibres distort

the RBCs into sickle or 

crescent shape (highly 

vulnerable to lysis).
R.S



Clinical features of HbS

1. Life-long Hemolytic anemia: 

The sickled RBCs are fragile, thereby continuous breakdown 

leads to life-long anemia.

2. Tissue damage & Pain: 

The sickled cells blocks the capillaries

resulting in poor blood supply to 

tissues leads to extensive damage and 

inflammation causing pain.

3. Increased susceptibility to infection: 

Hemolysis & tissue damage are accompanied by increased

susceptibility to infection & diseases.

4. Premature death: 

Homozygous individuals of sickle-cell anemia die before they 

reach adulthood (< 20 yrs). Department of Biochemistry 14
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Management of sickled-cell disease

1. Administration of Sodium cyanate inhibits the sickling of

erythrocytes where cyanate increases the affinity of O
2
to

HbS and lowers the formation of deoxy HbS. Side effects

like peripheral nerve damage can be possible.

2. Repeated blood transfusion is required. This may result in

iron overload and cirrhosis of liver.

3. Replacement of HbS with other forms of Hb has also

been opted.
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➢ Thalassemias are a hemolytic disorders characterized by

impairment / imbalance in the synthesis of globin chains of

Hb.

➢ It is an autosomal recessive genetic disorder.

Molecular basis of thalassemias:

➢ Hemoglobin contain 2α & 2β
globin chains.

➢ When the synthesis of one globin

chain is reduced, there is a relative

excess accumulation of other globin

chains, which in turn precipitates

and causes hemolysis (Hypochromic

anemia).

i. Gene deletion or 

substitution.

ii. Underproduction or 

instability of mRNA.

iii. Defect in the initiation 

of chain synthesis.

iv. Premature chain 

termination.
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Types of thalassemia:

Depending on the genetic disease lies in synthesis        

of α or β globin chains, thalassemia are classified as 

1. α-thalassemia

2. β-thalassemia

α-Thalassemia

1. This condition is characterized by either decreased or total 

absence of synthesis of α-globin chain of Hb.

2. α-globin chains are coded by 4 copies of α-globin gene, two 

on each one of the chromosome 16.

3. 4 types of α-thalassemias occur which depend on the 

number of missing α-globin genes. They are follows, 
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Molecular Basis of α-Thalassemia

α-
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S.No α-thalassemia 

types

Description Clinical features

i. Silent carrier 

type of             

α-thalassemia

Only one of the four 

copies of α-globin gene 

is mutated.

Patient can synthesis 

sufficient α-globin 

chains. 

Do not show any clinical 

symptoms (They are only 

carriers of thalassemia).

ii. α-thalassemia 

trait

Two of the four copies 

of α-globin genes are 

mutated.

Mild anemia (not fatal).

iii. Hemoglobin H 

disease

Three of the four 

copies of α-globin 

genes are mutated.

Moderately severe 

hemolytic anemia.

iv. Hydrops fetalis All four copies of α-
globin genes are 

mutated. 

Lethal condition (death 

before birth or die soon 

after birth).Department of Biochemistry 19

Overview of α-thalassemia types
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β-Thalassemia

i. β-thalassemia minor

ii. β-thalassemia major 
20

1. This condition is characterized by decreased synthesis or total 

lack of formation of β-globin chain.

2. The production of α-globin chains continues to be normal, 

leading to the formation of a globin tetramer (α 
4
) that 

precipitate. This causes 

premature death of 

erythrocytes. 

3.  Mainly 2 types of β-thalassemias, 
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β-thalassemia minor β-thalassemia major

➢ It is a heterozygous state (also 

called as β-thalassemia trait).

➢ One of the two copies of β-
globin genes on chromosome 

11 is mutated.

➢ Presence of one normal 

globin chain gene is enough 

to synthesis the normally 

required globin proteins.

➢ Patients are asymptomatic.

➢ It is a homozygous state.

➢ Defect in both the 

responsible for β-globin 

synthesis.

➢ Patients are severely anemic

and die within 1-2 yrs.

➢ Frequent blood transfusion 

is required.
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Overview of β-thalassemia types
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