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Blood is a body fluid in animals that delivers necessary
substances such as nutrients and oxygen to the cells and
transports metabolic waste products away from those same
cells.

Blood is a connective tissue. Like all connective tissues, it is
made up of cellular elements and an extracellular matrix.

Introduction



Characteristics:

Colour: Opaque red
pH: 7.4 (7.35-7.45)
Specific gravity: 1.050-1.060
Volume: 5-6 liters
Viscosity: 5 times more than water
Blood makes up around 7-8% of the weight of a human 
body.
The normal temperature of blood is slightly higher than 
normal body temperature—about 38 °C (or 100.4 °F),



The cellular elements—referred to as the ’Formed
elements’ (Living blood cells)—include red blood cells
(RBCs), white blood cells (WBCs), and cell fragments
called platelets, and this makes up 45% of our blood
composition.

The non-living component of our blood is known as
the extracellular matrix, called plasma,and it makes up 55%
of our blood composition.

 blood unique among connective tissues because it is fluid.
This fluid, which is mostly water, perpetually suspends the
formed elements and enables them to circulate throughout
the body within the cardiovascular system.

Composition:



Functions of blood

• Transportation

– O2, CO2

– metabolic wastes, 

– Nutrients

– hormones

• Regulation

– helps regulate pH through buffers

– helps regulate body temperature

– helps regulate water content of cells

• Protection from disease/Defense



Body Fluid Compartments

Total body water: 40-42 L (in a 70 kg adult)

It is distributed in 3 compartments:
1. Intracellular fluid (25-28 L)
2. Extracellular fluid (Plasma-3.5 L  +  Interstitial fluid 10.5-12 L)
3. Trans-cellular fluid (1-2L)



What is Trans-cellular fluid? 



BONEMARROW

A soft gelatinous tissue that fills the cavity of bones. It is either Red or 
yellow depending on the preponderance of  hematopoietic (red) or Fatty 

(yellow) tissue. Adult has approx. 2.6 kg of bone marrow. Half is red. 
Bone marrow represent 4% of total body mass.

RED BONE MARROW
(Medulla ossium rubra)

1. At birth and until 7 yrs of age, 
all human marrow is red. 

2. In adult, red marrow is only 
found in flat bones like skull, 
vertebrae, hips, ribs, sternum 
etc. and in the spongy 
epiphyseal end of the long 
bones.

3. It contain hematopoietic stem 
cells which differentiate into 
various blood cells.

YELLOW BONE MARROW
(Medulla ossium flava)

1. At birth, it is absent. After 
the age of seven, fatty cells 
(yellow in colour) gradually 
replaces  red bone marrow.

2. In adult  it is found in hollow 
cavity in the middle of long 
bones.

3. It contains fat cells that act as 
body’s energy and blood 
reserve in case of emergency.





COMPOSITION OF BLOOD

1. Blood consists of 55% plasma and 45% formed elements.
2. Blood plasma consists of 91.5% water and 8.5% solutes.
3. Formed elements contains Red blood cells ( erythrocytes ),White blood cells

( leukocytes ) and Platelets (special cell fragments).







Formed elements of Blood:



Red Blood Cells

Erythrocytes are anucleate cells of biconcave shape measuring about 7,2
μm – 7,5 μm in diameter and central thickness of 0.6 μm and edge
thickness 2,6 μm.

Mean corpuscular volume of erythrocyte (MCV) is 84-96 fl.

If the diameter of erythrocytes is larger than 8 μm and MCV larger than 96
fl, are these erythrocytes called Macrocytes. If the diameter is smaller than
6 μm and MCV lower than 84 fl are these cells called Microcytes.





With time, they become less flexible, deformed and subsequently, they 
are degraded by splenic macrophages.



Other facts:

1. Total surface area per RBC: 120-140 μm2
2. Total volume per RBC : 80 μm3
3. Shape: Biconcave
4. Average weight of HB per RBC: 30 pg.



Biconcave shape of RBC

RBC membrane contains 4 structural proteins. Spectrin, Ankyrin, Protein 
4.1 and Actin.

At first α- and β-chain of fibrous protein spectrin forms dimers and then 
tetramers binding to the actin molecule.

Ankyrin anchors the spectrin to membrane  via band -3 protein (anion 
excahnger protein)

Actin binds to tails of spectrin and protein 4.1 which in turns bind to 
glycophorins A,B,C (transmembrane glycoproteins).

Thus, on the inner site of erythrocyte plasma membrane some kind of 
‘scaffold’ is formed.





Questions asked:

1. What is the advantage of having a bi-concave shape of RBC?

2. Why red blood cells have no nucleus?

3. Can a red blood cell divide?

4. Where do you find red bone marrow in adults?



Plasma and Serum

 Blood plasma appears as light-yellowish or straw-colored liquid. It is the liquid 
portion of blood (55%) that remains when RBCs, WBCs, Platelets and other cellular 
elements are removed.

 Serum consists of plasma without fibrinogen. 



Components of Plasma



Plasma Proteins
Total concentration: 6-8 gm/dl



Fractions Rel. amount 

(%)

c (g/l)

Albumins: albumin

pre-albumin (transthyretin)

52 – 58 34 – 50

1-globulins: thyroxin-binding globulin, transcortin, 

1-acid glycoprotein, 1-antitrypsin, 1-lipoprotein 

(HDL), 1-fetoprotein

2,4 – 4,4 2-4

2-globulins: haptoglobin, macroglobulin, 

ceruloplasmin

6,1 – 10,1 5 – 9

-globulins: transferrin, hemopexin, lipoprotein  

(LDL), fibrinogen, C-reactive protein, C3 and C4 

components of the complement system

8,5 – 14,5 6 – 11 

-globulins: IgG, IgM, IgA, IgD, IgE 10 – 21 8 – 15 

Plasma proteins fractions



Albumin







Albumin  Globulin Ratio
(Ratio of Albumin to globulin in Blood)



Normal Range: 1.5 to 2.5



Separation /Fractionation of Plasma protein

Migration of charged particle in an electric field is called electrophoresis.
It is method of choice for fractionation of plasma proteins



Method

oA small amount of the serum or plasma is adsorbed onto a cellulose acetate strip
equilibrated in an alkaline buffer.

o Positive and negative electrodes are connected to the ends of the strip and current
is applied in order to attract the proteins towards the positive electrode. (The more
negatively charged is the protein, and the smaller its dimension, the faster it moves.
it should be remembered that at alkaline pH protein exist as anion).

oThe proteins adsorbed on the strip are fixed and stained with a suitable dye and
their concentration is measured using a reflectance spectrometer. The resulting graph
can be used to measure the relative protein concentrations in the serum or plasma.

o Albumin is the fastest moving protein and forms a sharp band. The alpha1 and
alpha2 globulin fractions are less mobile than albumin, followed by the beta globulin
fraction. The slowest protein component is constituted by the gamma globulins which
essentially corresponds to the antibodies.

oThese fractions do not correspond to pure chemical species, and many different
proteins co-migrate. Because of this reason quantification of these bands in the
‘electropherogram’ only gives a very generic information.







FUNCTIONS OF PLASMA PROTEINS:

1. Transport of substances :
albumin – fatty acids, bilirubin, calcium, drugs
transferin – iron
cerulplasmin – copper
transcortin – cortisol, cortikosteron
lipoproteins – lipids
haptoglobin – free hemoglobin
thyroxin binding globulin – thyroxin
retinol binding protein – retinol

2. Osmotic regulation:
Plasma proteins are colloidal and non-diffusable and exert
a colloidal osmotic pressure (25 mm of Hg) which helps
to maintain a normal blood volume and a normal water
content in the interstitial fluid and the tissues.

Albumin content is most important in regulation of
colloidal osmotic or oncotic pressure.



FUNCTIONS OF PLASMA PROTEINS:

3. Catalytic function (enzymes):
E.g., Lipases for removal of lipids from the blood

4.  Protective function:
•Immunoglobulin combines with foreign antigens and 
remove them.
•Complement system removes cellular antigens.
•Enzyme inhibitors remove enzymes by forming complexes 
with them. e.g. 1-antitrypsin combines with elastase, 
trypsin and protects the hydrolytic damage of tissues such as 
lungs.
•Some proteins increase during acute phase and protect the 
body. E.g. 1-antitrypsin, 2-macroglobulins.



FUNCTIONS OF PLASMA PROTEINS:

5. Blood clotting:
Many factors are involved in clotting mechanism and prevent
loss of excessive amount of blood; e.g. clotting factors IX, VIII,
thrombin, fibrinogen etc.
An excess of deficiency leads to a disease; e.g. hemophilia,
thrombus formation

6. Anticoagulant activity (thrombolysis):
Plasmin breaks down thrombin and dissolves the clot

7. Buffering capacity: 
Proteins in plasma help to maintain acid-base balance

8. Antioxidants:Transferrin,Ferritin,Ceruloplasmin,haptoglobin,
Hemopexin (binds heme and transfers it to the liver) act as 
antioxidants.



FUNCTIONS OF PLASMA PROTEINS:

9.Haptoglobin: A plasma glycoprotein that binds to extra-
corpuscular hemoglobin in a tight complex and prevent the loss
of Hb through kidney. This conserves the iron in body.
10. Maintains the viscosity of blood.
11. Act as reservoir of proteins in body.
12. Role in ESR: Fibrinogen, an acute phase reactant, increases
during acute inflammatory conditions and contributes to increase
in ESR which is used as prognostic and diagnostic tool.

SYNTHESIS OF PLASMA PROTEINS:

1. IN EMBRYONIC STAGE: Mesenchymal cells through secretion and
dissolution.

2. IN ADULTS: Liver (albumins and fibrinogens, αand β globulins), plasma cell
( γ globulins).



Diagnostic Enzyme Markers in Serum:

Certain tissue cells contain characteristic enzymes which enter the blood only when 
the cells to which they are confined are damaged or destroyed. The presence in the 
blood of significant quantities of these specific enzymes indicates the probable site 
of tissue damage.



PLASMAPHERESIS



Plasmapheresis

Experiment: Dog bled daily . Blood withdrawn.
Cells re-injected daily with ringer-lock solution.

Plasma protein level falls (up to 4 gm%)
Plasma protein level measured.

Several standard protein diet introduced

Plasma protein level measured again

Observation:
 Dietary protein essential for plasma protein synthesis.
 Resemblance of food proteins with plasma proteins.
 Animal-albumin. Plant- globulin
 Essential amino acid is needed for plasma protein synthesis. 
Take 14 days for synthesis.





Haematopoiesis
 What is haematopoiesis?

• Blood cells die within hours, days or weeks. They have limited life span.

• The process of new blood cell formation is called haematopoiesis or

haemopoiesis.

 Sites of Haematopoiesis:

• In the embryo:

It occurs in yolk sac, liver, spleen, thymus, lymph nodes & red bone marrow.

• In adult:

It occurs only in red marrow of flat bones like sternum, ribs, skull & pelvis and
ends of long bones. The liver, thymus, and spleen may also resume their
hematopoietic function, if necessary. This is called ‘extramedullary-
haematopoiesis’.

 Some Definitions:

• Erythropoiesis: It is a process by which human erythrocytes are produced. It is
triggered by erythropoietin.

• Leucopoiesis: Process of making leukocytes, stimulated by various
colony‐stimulating factors (CSFs).

• Thrombopoiesis: It is a process of making platelets, begins with the formation
of megakaryoblasts.



Blood development in vertebrates involves two waves of haematopoiesis 

Primitive wave

1. It occurs during early
embryonic development. It
involves an ‘erythroid
progenitor’, that gives rise to
erythrocytes and macrophages
during

2. Primary purpose of the
primitive wave is to produce
red blood cells that can
facilitate tissue oxygenation as
the embryo undergoes rapid
growth.

3. The primitive wave is transitory,
however, and these erythroid
progenitors are not pluri-
potent and do not have
renewal capability.

Definitive Wave

1. It occurs later in development,
notably at different time points in
different species with production
of progenitors called ‘erythroid-
myeloid progenitors’ (EMPs). In
human, definitive haematopoiesis
occurs in the bone marrow and
thymus.

2. It can give rise to all blood lineages
of the adult organism.

3. It involves Hematopoietic stem
cells (HSCs), which are pluri-
potent.



Common stages of Haematopoiesis (Blood Cell Development)

Haematopoietic stem cells
(Myeloid and Lymphoid stem cells,/ Pluripotent)

Progenitor cells
(Colony forming units like CFU-E, CFU-GM etc./Oligopotent )

Precursor cells
(Blast cells like  erythroblast, myeloblast, lymphoblast etc/unipotent)

Formed elements of Blood
( Mature RBC, WBCs, Platelets etc)

Sometimes further modified in to tissue cells
(Macrophages, plasma cells etc)





Hematopoietic Stem Cells

 What is a stem cell?
A stem cell is a special kind of cell in a multi-cellular organism with following few properties:  

• They can proliferate indefinitely to produce more of similar cells

• They can differentiate into various types of cells. i.e., pluripotent.

• They are the earliest type of cells in a cell lineage.

• Found both in embryonic stage and adult stage.

• They are characteristically different from progenitor and precursor cells in a lineage. 

 Haematopoietic stem cells:
• They are stem cells which can differentiate into various blood cells (pluripotent)

• They are capable unlimited self-replication (self-renewal). They may have life-long 
self renewal ability (Long term HSC) or limited self renewal ability (Short term HSC).

• They are found in peripheral blood and bone marrow. 

• They undergo diversification into myeloid and lymphoid cell lineage via MPP
(Multipotent progenitors).

• These two lineages are separable at the progenitor level to produce either CMP
(common myeloid progenitor) or CLP (common lymphoid progenitor).



Myeloid progenitor cells (CMP)

CMPs differentiate in to RBCs,
platelets, granulocytes, mast cells,
monocyte- macrophages and
dendritic cells.

Lymphoid progenitor cell (CLP)

CLPs differentiate into rise to
lymphocytes (T cell and B-cell), NK
cells and dendritic cells.

 Progenitor Cells:

1. Progenitor cells (CMP or CLP ) are can differentiate to form specific cell types. But they
can not divide indefinitely.

2. Both CMPs and CLPs are oligopotent progenitor cells.
3. They gradually lose the differentiation potential resulting into commitment of

progenitors into a specific type of blood cell.
4. They become lineage-restricted and continue to differentiate along cell lines to become

precursor cells (Blast cells) and then to final mature blood cells.

 Precursor cells:
• Also called a blast cells or simply blasts (for example, erythroblast, lymphoblast etc.) are
partially differentiated cells.
•They are usually unipotent to have lost most of their stem cell properties. They are
incapable of self-renewal.



ERYTHROPIESIS

1. RBCs have limited life span of 120 days. They need to be replaced.

2. Erythropoiesis is a complex physiological process by which a fraction of
primitive multi-potent HSCs become committed to the red cell lineage and
finally become matures erythrocytes. The process involves highly
specialised functional differentiation and gene expression.

3. During this process, a large basophilic pro-normoblast with volume of 900
fL is converted to a small enucleated bi-concave disc with a volume of only
95 fL.

4. Erythropoiesis is a tightly regulated process. A host of growth factors, iron
(Fe) and erythropoietin (hormone) are necessary ingredients required for
effective erythropoiesis.



Organs for Primitive and definitive Erythropoiesis

Organ of 

erythropoiesis

Fetal period Kinds of blood cells

Yolk sac 2~9 week RBC

liver 9~24 week RBC, myelocyte, platelet

spleen 10~24 week RBC, myelocyte, platelet

Lymph node 8 week~after birth lymphocyte

Bone marrow 10 week~after birth RBC, myelocyte, platelet



Biological processes involved in Erythropoiesis:

o Overall size of the precursor cell reduces
o Cytoplasm to nucleus ratio (C:N) increases
o Nuclear diameter decreases with condensation of chromatin.
o Colour of cytoplasm changes from blue to pinkish red
o Proliferation of cells occurs at each stage.







Regulation of Erythropoiesis

1. Tissue oxygenation
2. Vitamins
3. Metals
4. Proteins
5. Hormones
6. Other factors/ conditions

Tissue oxygenation: Anemia, exposure to high altitudes, heart and lung problems 
stimulate release of erythropoietin which stimulates erythropoiesis.



2. Vitamins: Vitamin B12, Folic acid, B6, Riboflavin, nicotinic acid, biotin, vitamin C and 
Vitamin E. 

 Vitamin B12 important for DNA synthesis and maturation of RBC. Deficiency of B12 
leads to failure of nuclear maturation & division, abnormally large & oval shaped RBC, 
Short life span of RBC, Reduced RBC count & and reduced Hb. The condition is known as 
Macrocytic (megaloblastic) anemia.

 Malabsorption of Vitamin B12 leads to Pernicious anemia. VB12 absorption needs 
intrinsic factor secreted by parietal cells of stomach.  VB12 + intrinsic factor are absorbed 
in the terminal Ileum.

3. Metals: Iron, Copper. Cobalt, Zinc and Manganese. 
4. Proteins: For the formation of globin in Hb.
5. Hormones: Testosterone, growth hormone, thyroid hormone, cortisol, ACTH





Haemoglobin
o Haemoglobin is a type of globular protein present in red blood cells (RBCs), which 
transports oxygen in our body through blood. It is a tetrameric protein and contains the 
heme prosthetic group attached to each subunit. It is a respiratory pigment and helps in 
transporting oxygen as oxyhaemoglobin from the lungs to different parts of the body.

o Haemoglobin level: The haemoglobin level is measured in g/dL of the blood. In a 
healthy individual, the level ranges from 12 to 20 g/dL. Generally Hb level in males is 
greater compared to females. The normal level in males is 13.5 to 17.5 g/dL and in 
females, it is 12 to 15.5 g/dL.

Types of Hemoglobin:
There are several different types of haemoglobin present in the population due to 
mutation in genes. Not all mutations lead to diseases. The three main types of 
haemoglobin are:
1. Haemoglobin A (α2β2) – It accounts for 95-98% of haemoglobin in adults. It is 
composed of two alpha and two beta polypeptide chains.
2. Haemoglobin A2 (α2δ2) – It accounts for 2-3% of haemoglobin present in adults. It is 
composed of two alpha and two delta polypeptide chains.
3. Haemoglobin F (α2γ2) – It is known as fetal haemoglobin. 2-3% of haemoglobin F is 
present in adults. It is composed of two alpha and two gamma chains. Fetal haemoglobin
has more affinity for oxygen compared to HbA.
4. Embryonic Hb exists (Gower I & II) found in embryonic stage.



Structure of hemoglobin: 
In 1937, Dr. G. S. Adair gave Dr. Max Perutz crystals of horse hemoglobin (personal 
communication, Max Perutz, 1966). This started Dr. Perutz on the path that led to the 
elucidation of the structure of hemoglobin. For this endeavor he was awarded the Nobel 
Prize in chemistry in 1962.

Mammalian hemoglobins have molecular weights of about 64,500. 
In most vertebrates, Hb is a tetramer, consisting of two α-subunits (α1 and α2) and two β-
subunits (β1 and β2) that are structurally similar and about the same size. The main type of 
haemoglobin in adults is made up of two subunits each of ‘𝜶’ and ‘𝝱’ polypeptide chains. 
Each polypeptide chain is linked to a heme prosthetic group.
𝜶 subunit – It is made up of alpha polypeptide chain having 141 amino acid residues.
𝝱 subunit – It is made up of beta polypeptide chain having 146 amino acid residues.                      



Structure of Heme: 
1. A heme group consists of an iron (Fe) ion held in a heterocyclic ring, known as 

a porphyrin. 
2. This porphyrin ring consists of four pyrrole molecules cyclically linked together 

(by methane bridges) with the iron ion bound in the center. 
3. The iron ion may be either in the ferrous Fe2+ or in the ferric Fe3+ state, but 

ferrihemoglobin (methemoglobin) (Fe3+) cannot bind oxygen. 
4. Iron is coordinated to four pyrrole nitrogens of protoporphyrin IX, and to an imidazole

nitrogen of a histidine residue from the globin side of the porphyrin. The sixth 
coordination position is available for binding with oxygen and other small molecules.



Biosynthesis of Hemoglobin:
The two main components of hemoglobin synthesis are globin production and heme
synthesis. 
Heme synthesis occurs in both the cytosol and the mitochondria of erythrocytes. It 
begins with glycine and succinyl coenzyme A and ends with the production of a 
protoporphyrin IX ring.
Globin chain production occurs in the cytosol of erythrocytes and occurs by genetic 
transcription and translation. Genes for the alpha chain are on chromosome 16 and 
genes for the beta chain are on chromosome 11.



Globin Synthesis: 

oThe genes that encode the alpha globin chains are on chromosome 16. Each
chromosome 16 has two alpha globin genes. The zeta gene of the alpha globin gene
cluster is expressed only during the first few weeks of embryogenesis. Thereafter, the
alpha globin genes take over.

oThose that encode the non-alpha globin chains are on chromosome 11. The genes in
the beta globin locus are arranged sequentially from 5' to 3' beginning with the gene
expressed in embryonic development (the first 12 weeks after conception; called
epsilon). The sequence of the genes is: epsilon, gamma, delta, and beta. There are two
copies of the gamma gene on each chromosome 11. The others are present in single
copies.
o For the beta globin gene cluster, the epsilon gene is expressed initially during
embryogensis. The gamma gene is expressed during fetal development. Around the time
of birth, the production of gamma globin declines in concert with a rise in beta globin
synthesis.
oThe delta gene, which is located between the gamma and beta genes on chromosome
11 produces a small amount of delta globin in children and adults. The product of the
delta globin gene is called hemoglobin A2, and normally comprises less than 3% of
hemoglobin in adults.







Oxygen binds reversibly to haem 
molecule to produce oxyhemoglobin. 
Each hemoglobin can carry 4 oxygen 
molecules. The oxygen binding 
capacity of hemoglobin (BO2) is 
defined as the amount of oxygen in 
milliliters carried by each gram of 
hemoglobin, also referred as Hϋfner’s 
constant. Average value of BO2 is 1.39 
ml/gm.





Abnormal Hemoglobin:
Hemoglobin disorders (also known as hemoglobinopathies) are rare blood conditions 
that affect a person’s hemoglobin. They are inherited conditions that may change the 
shape or amount of red blood cells in the body. 

Hemoglobin disorders can be broadly classified into two general categories .

1. Those in which there is a QUALITATIVE structural defect in one of the globin chains. 
Also known as haemoglobinopathy. Eg., Sickle cell anaemia.
2. Those in which there is a QUANTITATIVE defect in the production of one of the globin
subunits, either total absence or marked reduction. These are called the thalassemia 
syndromes.

Sickle Cell Anaemia: 
o Sickle hemoglobin (HbS) results from an amino acid substitution at the sixth residue 
of the β-globin subunit: β6-Glu → Val. 
oThe basis of sickling is polymerization of deoxy-HbS resulting in the formation of
multistranded fibers that create a gel and change the shape of RBCs from biconcave
discs to elongated crescents. eventually causing premature destruction of RBCs and a
chronic hemolytic anemia. Sickled RBCs are rigid, increase blood viscosity and obstruct
capillary flow, causing tissue hypoxia and, if prolonged, cell death, tissue
necrosis/infarction, and progressive organ damage. Acute episodes are often called
vaso-occlusive pain crises.



THALASSEMIA SYDROME: 
The thalassemia syndromes are inherited disorders characterized by absence or markedly 
decreased accumulation of one of the globin subunits of hemoglobin.

1. ɑ–THALEASSEMIA:
In the alpha (α)-thalassemias, there is absent or decreased production of α-globin subunits. 
The α-thalassemia syndromes are usually caused by the deletion of one or more α-globin

genes and are sub-classified according to the number of α-globin genes that are deleted (or 
mutated).
 If one α -gene deleted it is called (α+-thalassemia).Often called silent carrier.
 If two genes are deleted on the same chromosome, it is called (α0-thalassemia). The clinical 
phenotype consists of mild hypochromic, microcytic anemia, without hemolysis.
 If three genes deleted it is called  (HbH disease).It is a compensated hemolytic anemia that 
usually does not require treatment by RBC transfusion. The basis of the hemolysis is the excess 
accumulation of β-globin subunits that self-associate to form β-chain tetramers or HbH.
 If four genes deleted it is called (hydrops fetalis with Hb Bart's). The deletion of all four α-
globin genes is usually fatal during late pregnancy or shortly after birth. Hb Bart’s is a tetramer 
of four γ-globin subunits and is ineffective as an oxygen transporter: it has a very high oxygen 
affinity,



2. β-THALASSEMIA:
In the beta (β)-thalassemias, there is absent or reduced production of β-globin subunits.
The β-thalassemias can be subclassified into two types.

 In first type, there is total absence of normal β-globin subunit synthesis or
accumulation known as β0-thalassemias,
 the second type, in which some structurally normal β-globin subunits are
synthesized, but in markedly decreased amounts. They are known as β+-thalassemias.

With over 200 different mutations having been described for beta (β)-thalassemias. In 
general, the mutations causing β-thalassemia are point mutations affecting a single 
nucleotide, or a small number of nucleotides in the β-globin gene.

Common pathophysiology: deficiency of Hb-A tetramers and excess accumulation of 
free α-subunits incapable of forming hemoglobin tetramers because of deficiency of β-
like globin subunits.
In heterozygotes (β-thalassemia trait or β-thalassemia minor), there is mild to 
moderate hypochromic microcytic anemia, without evidence of hemolysis. whereas in 
homozygotes or compound heterozygotes (β-thalassemia major), there is usually a 
severe transfusion-dependent hemolytic anemia associated with marked ineffective 
erythropoiesis resulting in destruction of erythroid precursor cells in the bone marrow.


