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REMEMBER

• These handouts will 
facilitate what you 
have to study and are 
not an alternative to 
your text book.

• The main source of 
Lectures 1,2 & 3 is 
from Guyton & Hall 
13th Edition

• Pages 423-431 



Lect-1: Objectives

1. Understand functions of blood

2. Describe composition of blood with important 
values

3. Differentiate between the terms formed elements, 
Packed Cell Volume,  plasma and serum 

4. Describe physical and chemical characteristics of 
blood

5. Describe RBC shape and its advantages

At the end of this lecture you should be able to: 



Blood is a specialized type of liquid 

connective tissue that circulates in 

blood vessels. 

"Right now a medical doctor analyzing the blood of 
an ailing patient looks at something like 10 to 20 
chemicals," said University of Alberta biochemist 
David Wishart. "We've identified 4,229 blood 
chemicals that doctors can potentially look at to 
diagnose and treat health problems.“

ScienceDaily, 1 March 2011.

It is the largest Organ in the body



Characteristics of Blood

• Its volume is 5-6 L in males and 4-5 L in 
females (About 8% of body weight)

• Viscosity 3-4 times than Water

• pH: Slightly alkaline, with a pH of  7.35-7.45

• It has a salty metallic taste and is Sticky

• Color: Bright red = O2 rich; Dull red = O2 poor

• Temperature about 370C (slightly higher than 
normal body temp)

• Tremendous regenerative capacity



• Viscosity: 

Blood relative viscosity (4-5) mainly 

depends on the numbers of red blood cells.

Plasma relative viscosity (1.6-2.4) is mainly   

involved in plasma protein

• Plasma pH value is about 7.35-7.45 (Hb acts 

as blood buffer)

• Osmolality: Plasma osmolality is about 300 

mmol/L (Equal to 0.9% NaCl Solution=Isotonic)

Characteristics of Blood



• Plasma osmotic pressure is 300 mmol/L or 770kPa

Crystal osmotic pressure results from NaCl and 
modulates  water distribution between inside and 
outside of cells.

Colloid osmotic pressure results from albumin and 
regulates water distribution between inside and 
outside of capillary.

• Specific gravity: 

Total blood (1.050-1.060) more influenced by red 
blood cells;  plasma (1.025-1.030) more influenced by 
plasma protein; RBC (1.090-1.092) more influenced by 
Hb.

Characteristics of Blood



Functions Of the blood
Transport 
–Respiration : oxygen and  carbon dioxide are 
transported
–Trophic : nutrients are delivered to  the tissues
–Excretive : metabolites are delivered from tissues to 
excretory organs
–Regulative : hormones are transported

Protecting: the body against infections (White 
Blood Cells, Antibodies) & Hemostasis 
(preventing blood loss)
Homoeostasis: Regulation of body temperature 
by redistribution of  blood volume between skin 
and internally, Regulation of ECF pH
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Composition of Blood

Cells
45 %

RBCs
WBCs

Platelets

Plasma
55%

Electrolytes
Clotting Factors

Antibodies
Blood Gases

Nutrients
Wastes

The Plasma is a straw 

colored liquid (90-92% 

Water). It serves as a 

transport medium for 

blood cells and 

platelets.

When clotting factors specially fibrinogen is 
removed from plasma as a result of coagulation, the 

remaining fluid is called serum. 





Blood Composition

1. Cellular components

• Red Blood Cells 5,200,000 /Cubic 

mm (±300,000) in Males & 

4,700,000 (±300,000) in Females

• White Blood Cells 4000-11000/ul

• Platelets 150000-400000/ul

2. Plasma consist of:

• Water: 92%

• Ions: Na, K, HCO3, PO4 ..etc 

• Plasma proteins (Albumin, 

globulin, Fibrinogen)

• Same ionic composition as 

interstitial  fluid



Constituents of PLASMA Major Functions

Water Solvent for carrying other 

substances

Salts

Sodium

Potassium

Calcium

Magnesium

Chloride

Hydrogen carbonate

Osmotic balance,

pH buffering, 

Regulation of membrane 

permeability

Plasma Proteins

Albumin

Fibrinogen

Antibodies

Osmotic balance,

pH buffering,

Clotting,

Immunity

Transportation (Binding Prot)

Substances transported by blood



Hematocrit

The hematocrit , also 
known as packed cell 
volume (PCV), is the 
volume  or percentage 
(%) of red blood cells 
(formed elements) in the 
blood. It is normally 
about
47%for men and 
42% for women



RED BLOOD CELLS

Biconcave Discs: 
(7.5X2X1um)

Negative Charge
Life Span=120 days

ERYTHROS MEANS : RED
KYTOS MEANS : CELL

• Biconcave-discoid shape 
provides an extra surface 
area

• Shape change requires 
significantly smaller forces

• Gas exchange! 

Geometry of erythrocytes



NORMAL PERIPHERAL FILM



A Mature RBC

DOES NOT HAVE
•Nucleus
•Mitochondria
•Ribosomes
•Endoplasmic 
Reticulum
•Golgi Apparatus

IT CONTAINS
•Haemoglobin
•Enzymes For Glucose 
Metabolism (Carbonic 
Anhydrase & 2,3 DPG 
Synthesis)

•Structural Proteins 
(cytoskeleton)

ENERGY METABOLISM OF RBC:
(1) GLYCOLYSIS 90%
(2) HMP SHUNT 10%
(GLUCOSE ENTERS INTO RBC BY CARRIER MEDIATED  DIFFUSION)



Red Blood cells in capillaries

• Capillaries are very 
narrow.

• They bend as they 
pass through 
capillaries (Thimble / 
Parachute Shaped)

• This is an advantage, 
it keeps them in very 
close contact with the 
capillary walls; this 
reduces the diffusion 
distance for gas 
exchange with the 
surrounding tissues



RBC are flexible & elastic:

�to squeeze through narrow capillaries

Cardiac muscle 
and capillary

Erythrocytes in single file 
– capillary is so narrow 

about 5 um



RBC Cytoskeleton

Skeletal protein network 
• Spectrin
• Actin
• Ankyrin
• Tropomyosin 
• Proteins 4.1 and 4.9

The red cell, as it continuously
circulates, must be able to undergo
extensive passive deformation and to
resist fragmentation. These two
essential qualities require a highly
deformable yet remarkably stable
membrane.

Hereditary 
spherocytosis? 





RBC lack mitochondria. 
Give two advantages of this.

1. More room for carrying hemoglobin

2. Respire anaerobically : do not use up any 
of the O2 they carry



RBCs contain the enzyme:

Plays a role in CO2 transport

Carbonic anhydrase
An enzyme that catalyzes the reversible reaction 

between carbon dioxide (CO2) and water to form 

carbonic acid (H2CO3), increasing the rate of this 

reaction several thousandfold.



Hb + O2 : in areas of high O2 [Lungs]

Hb releases the O2 : in regions of 
low O2  [Tissues]

Oxyhaemoglobin

LOADING

UNLOADING
Hemoglobin

combines 
reversibly with 

O2



Osmotic Fragility Normal

Abnormal
Hereditary Spherocytosis cells lyse more 

readily at low ionic strength 

Osmotic fragility: When 

RBCs are put in lower osmotic 
salty solution they swell and 
burst. Osmotic fragility of aged 
RBCs may increase in some 
diseases like HS.



Erythrocyte sedimentation rate (ESR)

It can be 
described and 
measured by 
erythrocyte 
sedimentation 
rate (ESR) 
which is RBC 
descending 
distance per 
hour Normal 
value : male, 
0~15 mm/h; 
female, 0~20 
mm/h.



Objectives For Lect2 & Lect3

1. Understand steps of erythropoeisis& its 
regulation

2. Describe essential substances needed for RBC 
formation. 

3. Recognize haemaglobin structure and its 
functions

4. Discuss iron metabolism (absorption, storage and 
transport) and vitamin B12 absorption.

5. Describe the fate of old RBC. 

6. Describe anemia & polycythemia and its causes. 

At the end of these lectures you should be able to: 



Classification of RBCs by Size & Color

• ACCORDING TO SIZE : 
Normocytes - Normal sized RBCs

Microcytes   - Small sized RBCs

Macrocytes  - Large sized RBCs

• ACCORDING TO COLOUR :
Normochromia - Normal coloured RBCs

Hypochromia - Paler, due to decreased Hb

Hyperchromia- Darker,due to increased Hb



RBC Indices

• Mean corpuscular Volume 

(MCV= 80 TO 90 fl OR 83 Cubic um)

• Mean corpuscular hemoglobin 

(MCH= 27 – 32 picogram)

• Mean corpuscular hemoglobin conc.                                               
(MCHC= 30 – 36 gm/dl)





Blood Cells Formation

• Formation of blood 

► Haematopoiesis.

• Formation of erythrocytes (RBC) 
►Erythropoiesis

• Formation of leucocytes (WBC) 

► Leucopoiesis

• Formation of thrombocytes (platelets) 

► Thrombopiesis



Active cellular marrow is called red marrow; 

inactive marrow that is infiltrated with fat is 

called yellow marrow.



Sites of blood formation

• Before Birth (In Fetus)

– 1st 4 months ► Yalk Sac

– Sec Trim ► Liver, spleen, lymph nodes

• Third Trim ► Bone Marrow

• Children ► Bone Marrow (Essentially all bones 

produces RBCs until a person is 5 years old)

• Adults ►Bone Marrow (After the age of 20 

years RBCs are produced in marrow of the 

membranous bones, such as the vertebrae, 

sternum, ribs, and ilia)



Sites of blood formation



Formation of 
the multiple 

different
blood cells 

from the 
original 

pluripotent
hematopoietic 

stem cell 
(PHSC)

in the bone 
marrow

75% - white blood 
cell-producing 
myeloid series 
only 25% - are 
maturing red cells

growth inducers

IL-3

differentiation 

inducers



Steps of Erythropoiesis
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First cell to 
appear in 
Circulation
Matures in 24-
48 Hours

First 
Identifiable 

cell

Reticulocytes Contain remnants of the Golgi apparatus & 
mitochondria,



Features of RBC
maturation

1. Reduction in size

2. Disappearance of 
the nucleus

3. Acquisition of 
haemoglobin



Nutritional requirements for Erythropoiesis

Nutirents/Requirements Functions Result of Deficiency

Amino acids Protein Synthesis 
(Globin Chains)

Hemoglobinopathies & 
Anemia

Iron Heme Synthesis Microcytic and 
hyochromic anaemia

Vit B12 and Folic acid Synthesis of DNA & 
Cell division

Megaloblastic anemia

Vit C Iron absorption Iron Deficiency

Vit B6 RBC Synthesis normochromic 
normocytic anaemia



Erythropoietin
• Chemistry: Glycoprotein

• Site of Synthesis: 90% from renal cortex 10% liver

• Does not affect maturation process

• Can be measured in plasma & urine

• High level of erythropoietin are seen in;

– anemia 

– High altitude

– Heart failure

• Stimulate the production of proerythroblasts from hematopoietic stem cells in 

the bone marrow

• once the proerythroblasts are formed, the erythropoietin causes these cells to 

pass more rapidly through the different erythroblastic stages and can increase 

it to perhaps 10 or more times normal



Tissue Hypoxia
↓↓↓↓

↓ Blood O2 levels

↓↓↓↓
Tissue (kidney) hypoxia

↓↓↓↓
↑↑↑↑ Production of erythropoietin

↓↓↓↓
↑↑↑↑ plasma erythropoietin

↓↓↓↓
Stimulation of erythrocytes 

production

↓↓↓↓
↑↑↑↑ Erythrocyte production

Control of Erythropoiesis



Destruction of Erythrocytes

• At the end of RBC life (About 120 days) ….. Cell 

membrane ruptures during passage in sinusoidal 

capillaries of the spleen, bone marrow & liver.

• Haemoglobin 

– Polypeptide →→→→ amino acids →→→→ amino acid pool

– Heme:

• Iron →→→→ recycled  (reused)→→→→ iron storage

• porphryn →→→→ biliverdin →→→→ bilirubin (excreted in bile)



Quantity of Hemoglobin in Blood

• The concentration of Hemoglobin in whole blood is 
about 15 gm/dl (13-16 females, 14-18 males, New 
Born 18-19)

• RBCs have the maximum ability to concentrate 
hemoglobin in the cell fluid up to about 34 grams in 
each 100 milliliters of cells

• Each gram of hemoglobin can combine with 1.34 ml 
of oxygen if Hb is 100% saturated with O2.

O2 Carrying Capacity of Blood
It is the amount of O2 carried by 100 ml of blood

Calculated by: Hb conc x 1.34
Example: 16 x 1.34 = 21.4 ml  



HAEMOGLOBIN SYNTHESIS



Fe++

4pyrrole→Protoporphyrin 
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α γα γ

Heme Heme Heme Heme

α δα δ

Heme Heme Heme Heme

HbF

HbA

HbA2

Protoporphyrin+Fe++→ Heme

Hemoglobin



– HbA: 98% of adult Hb its  polypeptide 
chains (2αααα & 2ββββ)

– HbA2: 2.5% of adult Hb (2αααα & 2δδδδ)

– HbF: 80-90% of fetal Hb at birth (2αααα & 2γγγγ) 

Abnormality in the polypeptide chain αααα & ββββ results in 

abnormal Hb (hemoglobinopathies) e.g thalassemias, sickle cell

TYPES OF NORMAL HEMAGLOBIN

Functions of Hb
• Carriage of O2 and CO2

• Buffer

• (Bind CO in Smokers) 



α

Hemoglobin

α β

β

α

β

α β

Heme Heme Heme Heme

α γα γ

Heme Heme Heme Heme

α δα δ

Heme Heme Heme Heme

HbF

HbA

HbA2

α α

Heme Heme Heme Heme

HbSS S

Heme Heme Heme Heme

Thalassemia
Α or  β

α α β β





What is Anaemia?
Anemia is reduced amount/concentration of 
Haemoglobin or RBC count in blood less than 
the amount  appropriate for that age, sex, race 
and physiological status.

Normal ranges of Hb

Men:        Hb 13.5 to 17.5 g/dL

Women:  Hb 12.0 to 15.5 g/dL

Infants :   Hb 14 – 19  g/dL

Symptoms & Signs: Tiredness, Fatigue, Dyspnea 

(shortness of breathing), pallor, tachycardia

Greek word (an-haîma) meaning "without blood"



Etiologic Classification of Anaemia

1. Blood Loss
– acute→→→→ accident

– Chronic →→→→ ulcer, worms (Parasitic Infections)

2. Decrease RBC production
– Nutritional causes

• Iron →→→→ microcytic anaemia

• VB12 & Folic acid →→→→ megaloblastic anaemia

– Bone marrow destruction by cancer, radiation,             
drugs →→→→ Aplastic anaemia.

3. Excessive destruction →→→→ Haemolytic
– Abnormal Hb (sickle cells)

– Incompatible blood transfusion



Microcytic 
Hypochromic

Normocytic 
Normochromic

Macrocytic

Hb & RBC Count ↓ ↓ ↓

MCV ↓(MCV<80 fl) N(MCV=80-100 fl) ↑(MCV=>100 fl)

MCH ↓(MCH<27pg) N(MCH>27pg) N (MCH>27pg)

• Iron 
deficiency 
anemia 

• Thalassemia 

• Endocrine 
diseases

• Hypothyroidism
• Hemolysis
• Chronic 

infections

• Vit. B12 
deficiency

• Folic acid 
deficiency 

On the basis of morphology and color of  RBC 
(Indices)



Polycythemia

↑ number of RBC or high conc. of Hb

Types:

• True or absolute

– Primary (polycythemia rubra vera): 
uncontrolled RBC production

– Secondary to hypoxia: high altitude, chronic 
respiratory or cardiac disease

• Relative

– Haemoconcentration: 

» loss of body fluid in vomiting, diarrhea, 
sweating



Iron metabolism

Total Iron in the body = 3-5g

1. Haemoglobin: ………. 65-75% (3g)

2. Stored iron………….  15-30% 

3. Muscle Hb (myoglobin) …..  4%

4. Enzymes (cytochrome) ……..  1% 

5. Plasma iron: (transferrin) …. 0.1%

(Serum ferritin →→→→ indication of  the amount of 
iron stores)

Diet provides 10-20 mg iron per day



1

Iron transport and metabolism

Food iron Ferric (F+++, oxidized) reduced by gastric HCl & Vit C



Iron absorption 

• Rate of iron absorption deceases when iron 

stores are saturated (When all the apoferritin 

is saturated).

• Transporting protein: TRANSFERRIN

• Normally 30-40 saturated with Fe: (plasma iron   100-

130ug/100ml)

• When transferrin is 100% saturated >> plasma iron: 

300ug/100ml

(Total Iron Binding Capacity)

Iron in plasma:



Iron stores

• Sites: liver, spleen & bone marrow

• Storage forms: Ferritin (loose bond) 

and haemosiderin (firm bond)

Apoferretin + iron = Ferritin

Ferritin + Ferritin = Haemosiderin

Hemosiderosis



Iron excretion and daily 

requirement

• Iron losses

– feces: unabsorbed, dead epithelial cells

– bile and saliva.

– Skin: cell, hair, nail, in sweat.

– Urine

– Menstruation, pregnancy and child birth
















