


Applied Physiology describe the cell functions, 

explain the composition of blood and its role in our body, 

discuss about various blood groups, 

enlist the disorders of coagulation and haemostasis, and 

visualize the physiology of blood transfusion and blood flow dynamics. 
I 

2.2 CELL: THE BASIC UNIT OF LIFE 

You must be aware of the fact that the cell is the basic unit of life. What do you 
understand by the term 'cell'? What are the components of the cell, its structural features 
and functions that make it such an essential component of all the living beings? Well, 
here in this section, we shall study about all these aspects related to cell. 

What would be the answer to the question what is a cell? Well, a cell is the smallest 
serf-finctioning unit found in all the living organisms. Cells may exist as independent 
units of life (as in monads) or may form colonies or tissues as in the higher plants and 
animals. Each cell is enclosed by an outer membrane or wall called as the cell membrane. 
A cell has receptors on its surface which have unique functions and identifying properties. 
Also, it contains genetic material (DNA) and other parts to carry out its life functions. 
Within the cell are the nucleus and the cytoplasm. The nucleus contains the genetic 
material-DNA. The cytoplasm contains organelles that carry out the cell's functions. 
We shall read about these components of the cell in a little while from now. 

An aggregation of cells having a common origin and performing a similar but one or 
more specific functions in the body constitute a tissue (e.g. muscle). Several types of 
tissues may join collectively to form an organ that carries out one or more specific 
functions (e.g, kidney, liver, leaf and roots). In majority of animals, several organs are 
interrelated to perform a specific function within a multicellular organism and thus 
constitute an organ-system. We will learn about these organ systems i.e. gastrointestinal 
system, renal system in the subsequent units. You would realize that several types of 
organ-systems in the body of an organism show unique example of division of labox 

It is important to note that the cells are not only the building blocks of the body, but are 
the functional unit of life too. Every cell arises from preexisting cells. The cells have the 
same genetic material. It is, therefore, capable of giving rise to a new individual. This 
potential of the cell to give rise to unlike cells and so to develop a new organism or a part 
is termed as totipotency. 

Interestingly, all the activities of an organism are present in miniature form in each and 
every cell. Therefore, the cell can be called as a basic unit of life and the structural 
unit of an organism. 'All organisms are composed of cells'. 'All cells come from pre- 
existing cells'. These two statements constitute the cell theory. We will learn about 
how the cell was discovered and what the cell theory is, next. 

2.2.1 Discovery of Cell 

Let us study here about the scientists who played a pioneer role in discovering the basic 
component of any living organism -the cell. 

Robert Hooke (1665) is credited with the discovery of cell. Hooke observed a 
honeycomb-like pattern in a very thin slice of cork as shown in the Figure 2.1. As you 
can see, this honeycomb-like structure consists of a thick wall, enclosing box-like 
compartments for which he coined the term cellulae for the first time and this term is 
synonymous to what we call as cells. He regarded cellulae as passages for conducting 
fluids. 
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Applied Physiology 2.2.3 Unicellular and Multicellular Organisms 

You may be aware that some organisms are made up of only one cell, while others have 
more than one cell. Well, the single-celled organisms are called as unicellular organisms, 
for example, bacteria and amoeba. These organisms are capable to breathe, divide and 
nourish. While, the organisms with more than one cell are termed as multicellular 
organisms, for example, humans, birds, reptiles and fish. 

You might wonder what finctions a single-celled organism is capable of performing. 
Surprisingly, a unicellular organism is able to perform a large number of functions such 
as respiration, absorption of nutrients, exchange of gases with the environment and 
metabolism. The volume of cell determines the amount of chemical activity of cells per 
unit of time, whereas, the surface area determines the amount of absorption and the 
amount of release of waste products by the cells. To maintain the surface area-to- 
volume ratio in a balanced state, some cells have acquired additional structures in the 
form of projections such as microvilli. These increase the absorptive surface area, for 
example, the cells-in the intestine have microvilli that help to increase the absorptive 
surface for absorption of essential nutrients for the body. We will read about this later in 

s Unit 6, under gastrointestinal system. 

Multicellular organisms are specialized quite similar to a team that does a lot of 
work efficiently as compared to a single person who may only be able to perform 
only some of the finctions. Most cells are tiny and their volume ranges between 1 to 
1000pm3. Some of the benefits and constraints of multicellular organisms are as 
follows: 

1) There is a unique co-ordination among the cells of multicellular organisms, like 
pumping of blood by the heart muscle and the transmission of information (nerve 
impulse) through the nerve cells. This co-ordination and specialization gives the 
organism a special edge in survival in the world and also helps us to understand the 
body's complex system and its wonders. 

2) Living cells can multiply and replace the lost cell without loosing its own identity. 
This is a clear-cut benefit over unicellular organisms. Unicellular organisms divide 
and the initial organism material is separated into two progeny cells. 

3) Differentiation bestows tremendous benefits on the multicellular organisms. These 
are: a) increased survival b) increased specialization, and c) a proper balance 
between the cell surface and cell volume for receiving an external stimuli, exchange 
of materials, transport, secretion etc. This is essential in interacting with its external 
environment and in communicating with the world. 

Cells in an organism, you would realize, can be grouped under three major categories 
on the basis of the levels of differentiation: 

i) Undiflerentiated cells: These cells are capable of undergoing division and 
development, for example, the stem cells (animals) and meristematic cells 
(plants). These are the highly immature cells that can be molded like wet 
clay into cells that are called as differentiated cells. 

ji) Differentiated cells: These are the post-mitotic cells, which have undergone 
specialization andtor exhibit the division of labor. Therefore, these cells acquire 
distinct character and perform a definite function. For example, RBCs carry 
out the transportation of oxygen and carbon dioxide, the muscle cells perform 
kinetic functions or movement and the mesophyll cells carry out 
photosynthesis. These cells are the cells that help to perform the functions 
of our body. 

24 
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Check Your Progress Exercise 1 

1) Briefly explain the following terms: 

a) Cell 

........................................................................................................ 

........................................................................................................ 

........................................................................................................ 

b) Totipotency 

........................................................................................................ 

........................................................................................................ 

........................................................................................................ 

c) Cell theory 

........................................................................................................ 

........................................................................................................ 

........................................................................................................ 

2) List some benefits and constraints of multicellular organisms over unicellular 
organisms. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 

3) List three maj.or categories of cells on the basis of the levels of differentiation. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 

................................................................................................................ 
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Exocytosis involves expulsion of materials out of the cell. The unwanted materials 
are leftovers of digested particles found in vesicles called 'residual body'. The 
lysosomes are also important cellular organelles for nutrition. 

Cytoplasmic Vacuoles: Figure 2.2(b) illustrates the structure of vacuoles. These 
are the voids in the cytoplasm which store small molecules such as water, ions, 
sucrose and amino acids. They appear as blobs and perform a variety of functions 
such as concentrating mineral salts in plant cells or excrete materials and digest 
food nutrients. Some primitive prokaryotes float in water because of air present in 
the vacuoles called as 'air vacuoles'. 

Ribosomes: Ribosomes are small, but complex structures, roughly 20 to 30 nm in 
diameter, consisting oftwo unequally sized subunits, referred to as large and small 
subunits which fit closely together as seen in Figure 2.8. These are the small 
cellular components composed of specialized ribosomal RNA and protein. We have 
just read that they are found studded like jewels on RERs. They are responsible for 
synthesizing proteins that form the membrane of secretory organelles and lysosome 
membranes. 

Small sub unit 

Figure 2.8: Structure of a ribosome 

Mitochondria: These are called as the 'powerhouse of the cell', that contain their 
own DNA. They are associated with the generation of ATP, the energy currency 
of the cell. The longitudinal section of mitochondria in the Figure 2.9 (a) shows a 
double membrane, the outer membrane and the inner membrane bind the 
mitochondria. The inner membrane has many infolding called as cristae as seen 
in the Figure 2.9 (b). 

Figure 2.9: Structure of the mitochondria 
(a) Longitudinal section; (b) Sectional view 
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c) Endocytosis 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

d) Cristae 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

e) Chromophobes 

............................................................................................................. 

............................................................................................................. 

2) Differentiate between eukaryotic cells and prokaryotic cells. 

.................................................................................................................... 

.................................................................................................................... 

.................................................................................................................... 

3) List the basic parts of a cell. 

.................................................................................................................... 

.................................................................................................................... 

.................................................................................................................... 

4) Give functions ofthe following: 

S.No. Component Functions 

........................................................... a) Endoplasmic reticulum 

........................................................... b) Mitochondria 

........................................................... C) Lysosomes 

........................................................... d) Nucleolus 

........................................................... -e> Golgi apparatus 

........................................................... f )  Ribosomes 
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Check Your Progress Exercise 3 

1) What do you understand by the term 'cell cycle'? Discuss its four phases. 
.................................................................................................................... 

.................................................................................................................... 

2) What do you understand by the terms 'mitosis' and 'meiosis'? Explain giving 
significance of each. 

.................................................................................................................... 

.................................................................................................................... 
L - 



3) What is a tissue? How are tissues classified? Give two examples of each. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

Cell s~nd Mlooa 

2.6 BLOOD 

"The ancients believed that blood was the seat of the emotions." Blood, a body fluid, 
has been rightly termed as an elixir of life. We all have blood flowing inside our bodies. 
Blood, a\ you already know, has several important roles to play. It carries oxygen and 
nutrients to the tissues and carries waste products away. Blood helps maintain body 
temperature and normal pH levels in body tissues. The protective functions of blood 
include clot formation and the prevention of infection. 

Let us start our study on blood by first getting to know the historical development ofthe 
concept of blood. 

2.6.1 History and Milestones 

In this section, we will discuss about the historical development ofthe concept of blood 
and blood cells. This discussion is an overview of sequence of events that took place 
during different times in the past. Let us go through it. 

The ancients must have observed that if an animal or a man lost a considerable 
quantity ofblood, it generally did not survive. This must have led them to associate 
blood with life. Ebers Papyrzrs said that in ancient Egypt, it was believed that food 
in the stomach was turned into blood by heart. 

According to the ancient European doctrine of four humors, blood was one of the 
humors which makes the body. The other three humors were phlegm, black bile 
and blue bile. The blood is considered as one of the four humors. 

The Ayurvedic concept of three humors is very similar. The three humors are 
kapha (phlegm), pitta (bile) and vayu (air). Health is thought to be a state of 
balance of these humors. In this system, air comes closest to blood. 

In the recent history of growth of our knowledge about blood, the advent of 
microscopy in the seventeenth century was an important milestone. Antony Van 
Leeuwenhoek is considered a pioneer in microscopy. He examined blood under 
the microscope and could describe red blood cells and even measured their size. 

In the eighteenth century, extensive studies on blood and related structures such as 
lymphat~cs and thymus were undertaken by William Hewson. He described the 
leukocytes and demonstrated that coagulation was due to the changes in the plasma 
rather than the blood cells, and hence Hewson is called the 'father of hematology'. 

In the nineteenth century, Paul Ehrllch used dyes for staining cells, which helped 
him to distinguish different types of blood cells and red cell changes in diseases and 
also ~dentified the different types of white blood cells. 

In the twentieth century, George WhippleS studies on the relationship between 
diet and haemoglobin, George Minotk discovery ofthe liver treatment for pernicious 
anaemia and William  castle:^ discovery of intrinsic and extrinsic factors were 
some of the milestones in hematology. 

Having learnt about the historical development, let us next get to know about the 
constituents of blood. 4 
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Cell and Blood There are basically three types of plasma proteins, namely: 

Albumin (4-5 g 1100 ml) 

Globulin (2-3 g 1100 ml) 

Fibrinogen(0.3 g1100ml) 

Plasma albumin maintains plasma volume by holding water at the capillary level. 
lid fibrin that clots blood, preventing 

ma globulin is the body's defense against 
e immunoglobulins. Plasma proteins are 

ins are formed in the plasma cells and B 

So we have seen that plasma is a pale yellow mixture of water, proteins and salts. 
One of the functions of plasma is to act as a carrier for blood cells, nutrients, 
enzymes and hormones. Let us learn about the functions of plasma proteins in greater 

Functions of plasma proteins 

The functions of plasma proteins are many and are listed as: 

1) Osmotic Pressure: Plasma proteins exert an osmotic pressure of 25 mm Hg, 
which helps in maintaining plasma volume. The osmotic pressure exerted by plasma 
proteins plays an essential part in the fluid balance. Having a small molecular size, 
albumin exerts the maximum colloid osmotic pressure. 

2) Viscosity: Plasma proteins account for about half of the viscosity of blood, the 
other half being due to the blood cells. The contribution of each type of plasma 
protein to viscosity depends more on the molecular shape rather than the molecular 
size. That is why, a given concentration of fibrinogen, which has a long fibrillar 
molecule, contributes much more to viscosity than the same concentration of albumin, 
which has an elliptical molecule. 

3 )  Protein Reserve. Plasma proteins provide'a reserve, which can be drawn upon for 
vital functions in the situations of starvation and protein depletion/malnutrition. 

4 )  Antibodies: Plasma proteins belonging to the class of y-globulins act as antibodies, 
which protect us from infections and several other harmful substances. 

5 )  Clotting: Several plasma proteins are involved in the cascade of chemical reactions, 
associated with the coagulation of blood. 

6) Transport: Hormones and several other small molecules travelling in the plasma 
would themselves get filtered in the renal glomeruli and get excreted in the urine. 
This wastage is prevented during the journey of these substances from their origin 
to their destination by their getting bound to the plasma proteins. 

Next, let us study about the cells found in the blood. 

2.7.2 Blood Cells 

The cells found in blood are called corpuscles. These are also of three types as illustrated 
in Figure 2.24 and highlighted herewith: 

I )  Red Blood Cells (RBC) or Erythrocytes 

2) White Blood Cells (WBC) or Leukocytes 

3) Platelets or Thrombocytes 

A 
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1 Hb in women, each gram of pure Hb is capable of combining with 1.34 millimeters Cell and Blood 

Next let us find out what is the life span of this cell. 

Erythrocytes - the dynamic blood cells 

cells are among the most actively dividing cells of the body. What is the life span of 
erythrocytes? The life span of red cells in healthy individuals is about 120 days. 

Let us now move on to the next cell that is WBC. 

B) White Blood cells (WBCs) 

WBCs are also called leukocytes, as they are colourless. They are the army of the 
human body. Whenever a germ or infection enters our body, the WBCs snap to attention 
and destroy the culprit. Their primary function is to produce antibodies (humoral 
immunity) or kill the invading bacteria directly (cytotoxic immunity). We will learn more 
about this later in the next unit on the Immune System. 

WBCs are-divided into two types on basis of presence and absence of granules in the 
,cytoplasm - granulocytes and agranulocytes. Under the light microscope as shown 

2) Granules 

3) Nucleus, and 

4) Nucleus1 Cytoplasmic ratio I;, 

Each type of leukocyte is present in the blood in different proportions: 

Basophil : 0.5 - 1 % 

Lymphocyte : 20 - 40 '% 

Monocyte : 3 - 8 %  

Neutrophil Monocj te Lyinphocyte Eosinophil Basophil 

Figure 2.25: Different types of WBCs 

The monocyte is the largest WBC measuring 2 to 3 times of the RBC. Monocytes 
leave the cells and become macrophages. Macrophages are large, phagocytic cells that 
engulf foreign material (antigens) that enter the body and dead and dying cells of the 
bodv. The nucleus 0f.a monocyte is kidney-shaped (as can be seen in Figure 2.25), 4; 



Applied Physiology surrounded by an equal amount of cytoplasm and that of the lymphocyte occupies a 
major part of the cell. 

Lymphocytes are extraordinarily diverse in their functions. The most abundant 
lymphocytes are: 

B lymphocytes (often simply called B cells) and 

T lymphocytes (likewise called T cells). 

Basophils have purple coarse granules. Basophils make up only a small portion of the 
number of white blood cells but are an important part of the body's immune response. 
They release histamine and other chemicals that act on the blood vessels when the 
immune response is triggered. 

Neutrophils are the most abundant of WBCs. The neutrophil has pink fine powdery 
granules. The nucleus of a neutrophil is multi-lobed (>2) as you can see in Figure 2.25. 
This is its distinguishing feature. Neutrophils squeeze through the capillary walls and 
into infected tissue where they kill the invaders (e.g., bacteria) and then engulf the 
remnants by phagocytosis. 

The eosinophil is brick red coarse granules. Have a look at Figure 2.25. You would 
notice that it has a bi-lobed spectacle shaped nucleus. The number of eosinophils in the 
blood is normally quite low (24%). However, their numbers increase sharply in certain 
diseases, especially infestation by parasitic worms and allergies. 

You might be wondering why does the body need so many types of WBC's? Basically, 
the neutrophils are the first line of defense that fights against the bacteria. The eosinophils 
have larger granules and fight larger parasites and are also active during skin infections 
and allergic condition such as asthma. The agranulocytes, such as monocytes and 
lymphocytes are active against bacteria present in the body for a long time such as 
tuberculosis and leprosy. 

Next, we shall look at the platelets. 

C) Platelets 

Blood platelets, the third blood cells are the smallest (look at Figure 2.24) formed by the 
pinching of a very large bone marrow cell called megakaryocyte. Platelets literally 
mean a small plate. The platelets form a plug to stop bleeding when an injury disrupts 
the lining of the blood vessel. Their diameter is about 2-3 pm, hence they are much 
smaller than erythrocytes. Their density in the blood is 2,00,000-3,00,000 /mm3. 

What'are the functions of platelets? 

The main function ofplatelets, or thrombocytes, is to stop the loss ofblood from wounds, 
i.e. haemostasis. Let us learn about this function. The platelets: 

i) release a chemical substance called serotonin, that cause vasoconstriction. This 
ensures reduced flow of blood from the injured site, 

ii) aggregate to plug the vascular plug at site of injury, and 

iii) have like skeletal muscles, actin and myosinproteins, which contract to bring about 
clot retraction. This ensures normal flow of blood around the sealed injured blood 
vessel. 

The plug formed by the platelet arrests bleeding. The time taken for the blood to cease 
flowing from an injured site'is termed as bleeding time. The platelet plug that is formed 
is friable and cannot be relied to check bleeding for very long. The blood forms a fibrin 
meshwork of threads that forms a better plug. This may take a few minutes before such 
a first aid mechanism acts in the body. The time taken for a clot to form is termed as 
clotting time. Before a patient is taken to the operation theatre, the doctor assesses the 



G?11 and Blood bleeding and clotting time to prevent excessive loss of blood during time of operation. 
The patient whose bleeding time is less than 4 minutes and clotting time is less than 12 
minutes may be taken up for surgery after the other investigations are normal. 

So far, we have learnt about the constituents and functions ofblood - the fluid connective 
tissue. Do you know how the blood formation takes place? In which part of the body the 
blood is formed? We will find the answers to all these querries in the next section, which 
deals with erythropoiesis. 

2.8 ERYTHROPOIESIS 

Erythropoiesis, derived from the word 'erythros' meaning red and 'polesis' meaning 
making, is a part of a broader process, hemopoiesis, i.e., formation of blood cells in 
general. Let us get to know about it. 

The precursor 'of all blood cells is a primitive stem cell, also called as a Totipotent 
Hematopoietic Stem Cell (THSC). THSC is a cell capable of rapid proliferation 
accompanied by differentiation. Differentiation of the THSC is associated with subtle 
biochemical changes, which eventually result in a cell committed to forming a specific 
variety of blood cell. The process of proliferation and differentiation continues till the 
mature blood cells, incapable of proliferation, are formed. 

The general process of proliferation and progressive differentiation leads to an important 
question. If the process of differentiation affects every daughter cell, why do we not 
finally reach a stage wherein all the cells are highly differentiated but are incapable of 
dividing? The answer to this question is that immature cell has a nucleus and as it 
matures, the nucleus disappears, and hence the cell is incapable of dividing but capable 

You would realizdthat the site of e,rythropoiesis varies somewhat with age. Let us go 
through the different stages and find out what these age-related differences are. 

During intrauterine life, in the early embryo, erythropoiesis occurs in the mesoderm 
(the middle of the three germ layers of an embryo) of yolk sac. In a few weeks, the 
process shifts to the mesoderm ofthe body. During these stages, erythropoiesis is 
intravascular. It takes place by some endothelial cells undergoing transformation 
into blood cells and detaching themselves from the vessel wall to enter the circulation. 

After the third intrauterine month, erythropoiesis takes place in the liver and spleen, 
in the mesenchymal tissue (embryonic connective tissue) between the blood vessels 
and tissue cells. 

After the fourth intrauterine month, the fetal bone marrow also starts manufacturing 

By the time of birth, bone marrow takes over erythropoiesis completely. 

Thus, all extrauterine (occurring outside the uterus) erythropoiesis is medullary, i.e., 
in the bone marrow. Red cells, white cells and platelets are made in the marrow of 

But liver and spleen retain the potential for erythropoiesis throughout the life. Hence, 
in those situations where the demand for red cells exceeds the capacity of the bone 
marrow to manufacture them, extramedullary erythropoiesis is often seen. In a new 
born, all bones have a red bone marrow, i.e. the marrow which manufactures blood 
cells. But as the child grows, the bones also grow and so does the marrow. But the 
need for manufacturing blood cells does not grow proportionately. Hence, progressively 
larger parts of the bone marrow changes to yellow bone marrow, i.e., marrow which 
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Cell and Blood ,: 

2) What is plasma? Enumerate a few important function of plasma proteins. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

3) List the fimctions of the three blood cells in the body. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................ 

................................................................................................................. 

................................................................................................................. 

5) Match the following: 

B 

i) Antony Van Leeuwenhoek a) Relationship between diet and 
haemoglobin. 

ii) William Hewson b) Described RBCs 

iii) George Whipple c) Described Leukocytes . 

iv) Wiliam Castle d) Liver treatment 

v) George Minot e) Intrinsic and extrinsic factors 

The discussion above focused on erythropoiesis and the process ofblood formation and 
regulation. With this discussion our understanding of blood is somewhat complete or is 

- 
it. There is one more important aspect related to blood which can be of interest to us. 
What is it? You must have seen or heard about blood groups, such as B+ve, O+ve, 
ABt-ve and so on. What do we mean by these blood groups? Do all of us have similar 
blood groups? And if no, what parameters make it distinct from a person to person? We - 

shall find the answers to all our queries in the next section. We begin our discussion with 
an understanding about blood groups. 

2.9 BLOOD GROUPS 

We start our discussion by answering the question - do all of us have the same blood 
group? No, each individual has a different blood group. The differences in human blood 
are due to the presence or absence of certain protein molecules called antigens and 

: antibodies. The antigens are located on the surface of the red blood cells ancl the 
antibodies are in the blood plasma. Individuals have different types and combinations of 

, 

I Blood group, therefore, is based on the type of antigens present on the surface of 
RBCs. There are more than 30 antigens, but for the purpose of blood transfusion, very 
few of them are practically significant. For all practical purposes, the starting point in 

5 1 



Applied Physiology terms of ABO and Rh grouping. Sometimes there can be a mismatch reaction. Hence, 
besides an ABO and Rh grouping, cross matching of the donors' and recipients' blood 
is important. What is the ABO and Rh grouping? Let's get to know about these grouping 
systems. 

2.9.1 ABO Blood Grouping System 

As the name suggest, this is based on the presence or absence of 9 antigens A and B, 
on the surface of,RBC. If either of these antigens is present on the surface of RBC, it 
can react with the corresponding antibody. Reaction between a blood group antigen 
and its corresponding antibody leads to clumping (agglutination) of RBCs. Hence, blood 
group antigens are known as 'agglutinogens' and the corresponding antibodies are known 
as 'agglutinins'. 

Landsteiner found that if FU3C of an individual carries a particular group antigen, RBC 
can circulate safely only if corresponding antibody is not present in the plasma of same 
individual. Hence a law was formulated by him, which states that 'if an antigen is 
present on the surface of RBC, the corresponding antibody would be absent in plasma'. 
Conversely, if an antigen is absent, the corresponding antibody is present. This law is 
good for ABO and not for Rh system. 

According to the ABO blood typing system, therefore, there are four different kinds of 
blood types: A, B, AB or 0 (null). What do they signify? Let's find out. 

If you belong to the blood group A, it means you have A antigens on the surface of your 
red blood cells and B antibodies in your blood plasma, as shown in Figure 2.26. If you 
belong tothe blood group B, you have B antigens on the surface of your red blood cells 
and A antibodies in your blood plasma. If you belong to the blood group AB, you have 
both A and B antigens on the surface of your red blood cells and no A or B antibodies 
at all in your blood plasma. If you belong to the blood group 0 (null), you have neither A 
or B antigens on the surface of your red blood cells, but you have both A and B antibodies 
in your blood plasma as you can see in the Figure 2.26. 

I 

A B AB 

Figure 2.26: The ABO blood grouping system 

. 
The next question which might interest you is how do you find out which blood group 
one belongs to? The process is simple. First, the blood with three different reagents 
including either of the three different antibodies, A, B or Rh antibodies is mixed. Then 
one looks that in which mixtures agglutination has occurred? The agglutination indicates 
that the blood has reacted with a certain antibody and therefore is not compatible with 
blood containing that kind of antibody. Ifthe blood does not agglutinate, it indicates that 
the blood does not have the antigens binding the special antibody in the reagent. If you 
know which antigens are in the person's blood, it's easy to figure out which blood group 
he or she belongs to. 

Further, you may have come across the terms 'universal Donor' and 'Recipients' in 
the context of blood transfusion. What do these terms mean? Let's find out. 
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Blood Group Antigens Antibodies Can give blood to Can receive blood from 

AB A and B None AB AB, A, B, 0 

A A B A and AB A# 

H B A B and AB B, 0 

0 None A and B AB, A, B, 0 0 

Cell and Blood Universal Donor and Recipients 

Based on the above mentioned concept, 0 group individuals are sometimes considered 
as 'unrversal donors ', since they have no antigens and the blood does not generate 
any antibody reaction. Group AB is called 'universal recipients ' as their plasma 
has no antibody. They can receive blood from anybody as highlighted in Table 2.2 
herewith. The donor cells irrespective of whatever antigen they contain will not cause 

Table 2.2: The blood groups and the universal recipient and donor concept 

Other than the A and B antigen, some other factor is also present on the surface of the 
RBCs. What is this factor and the corresponding blood grouping system? Let's find out. 

2.9.2 Rh Blood Grouping System 

Some individuals also have a so called Rh antigen on the surface of their RBCs. Those 
who have it are called Rh (+) and those who do not have it are Rh (-). This is the basis 
of the Rh blood group system. In Caucasian (white) races, about 85% of human are Rh 
+ve, but among African blacks almost everyone is Rh -ve. 

Rh stands for Rhesus monkey. RBC ofRhesus monkey when injected into rabbit develops 
antibodies to rhesus RBC. Later, it was discovered that rabbit serum containing anti- 
rhesus antibodies could agglutinate not only rhesus RBC, but also human RBC in about 
85% cases, which was suggestive that these 85 % of human beings have on their RBC 
an antigen identical to or remarkably similar to Rhesus RBC. This antigen was named 
as 'Rh antigen'. Human beings having this antigen were labeled 'Rh positive'. Thus, in 
a Rh system, blood may be either positive or negative. 

A person with Rh -ve blood does not have Rh antibodies naturally in the blood plasma 
(as one can have A or B antibodies, for instance). But a person with Rh -ve blood can 
develop Rh antibodies in the blood plasma if he or she receives blood from a person 
with Rh+ve blood, whose Rh antigens can trigger the production of Rh antibodies. A 
person with Rh+ve blood can receive blood from a person with Rh -ve blood without 
any problems. So it must be clear by now that Rh positive or negative individuals do not 
have anti Rh antibodies. But, ifan Rh -ve individual is given Rh +ve blood, he develops 
anti Rh-ve antibodies. 

Rh incompatibility can therefore occur sometime. What are the consequences? Read 

Rh Incompatibility 

Rh compatibility sometimes leads to complications which are generally not seen with 
other types of mismatched transfusions. If a Rh negative is given Rh positive blood, 
there is no immediate adverse reaction because Rh negative individuals do not normally 
have anti-Rh antibodies which may damage the donor red cells. The donor red cells 
induce immune response in the recipient, as a result of which anti-Rh antibodies are 
synthesized. It takes 2-4 months before a high tirtre of anti-Rh antibodies are achieved. 

By this time, most of the donor cells die a natural death. The anti-Rh antibodies can do 
no harm. Hence, first phase of transfusion passes silently. If the second dose is given, 
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transfusion acts as a booster dose. High dose of anti-Rh antibodies can be achieved. 
Donor cells are thus damaged.Since anyone may need a second blood transfusion later 
in life, Rh negative individuals should never be given Rh positive blood. 

One of the critical manifestations of Rh-incompatibility is 'Erythroblastosis Foetalis '. 
What is it? Let us study and find out. 

Risking Girls: Erythroblastosis Foetalis 

Besides the risk of a mismatch reaction during a second or during any subsequent blood 
transfusion, giving Rh-positive,blood involves risk in case of young Rh-negative girls. 
This is because ofthe possibility of complication during pregnancy ifthe girl happens to 
have a Rh-positive foetus in her uterus any time later in life. The chances of any 
abnormalities resulting from Rh incompatibility are negligible during first pregnancy, 3% 
during second and 10% during third. This is due to following reasons: 

1) Red cells of the foetus are unable to cross normal placenta. There has to be some 
abnormality in the placenta before foetal red cells can enter the maternal circulation. 

2) Foetal red cells may be destroyed by maternal plasma before they can induce an 
antibody response. E.g., ifmother is 0 ,  Rh negative and the foetus is A, Rh positive, 
the foetal red cells would be haemolysed by the anti-A antibodies present in the 
maternal plasma. 

3) If the foetus and mother happen to be of same group, i.e., A,B or AB but mother 
is Rh -ve and foetus Rh +ve, during 2nd and subsequent pregnancies, mother gets 
sensitize with Rh antigents of fetal blood, resulting in production ofanti-Rh antibodies, 
which will destroy foetal RBC, causing 'erythoblastosis foetalis'. 

Although erythroblastosis foetalis may be treated by exchange transfusion, the prevention 
is routinely attempted by desensitizing the mother for production of Rh antibodies during 
pregnancy. The desensitized mothers don't respond to foetal Rh+ve RBCs. Thus 
erythroblastosis foetalis is prevented. 

Apart from the Rh incompatability as a complication leading to loss of blood, there is 
another condition wherein the RBCs are deficient. This is referred to as anaemia, a 
disorder related to deficiency of erythrocytes. As a student of dietetics, you must be 
familiar with anaemia and its consequences. Let us recharge our understanding on this 

2.10 ANAEMIA 

Anaemia, as we already know, means 'deficiency of red blood cells, due to the 
rapid loss or slow production ofRBCs '. Some types of anaemia and their physiological 
causes are summarized below: 

1 )  Haemorrhagic or blood loss anaemia: The body replaces plasma within 1-3 
days after a haemorrhage, but this leaves a low concentration of red blood cells. In 
chronic blood loss, aperson frequently cannot absorb enough iron from the intestines 
to form Hb as rapidly as it is lost. Red cells are then produced with too little 
haemoglobin inside them giving rise to microcytic hypochromic anaemia. What is 
microcytic hypochromic anaemia? Read on and you will find out in a little while 
from now. 

2) Aplastic anaemia: Bone marrow aplasia means 'lack of hnctioning of bone 
marrow'. This can occur due to excessive X-ray or radiation treatment, certain 
industrial chemicals, sensitive drugs, nuclear exposure etc. 
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Normochromic Hypochromic 

Normocytic Acute Haemorrhage Chronic Haemorrhage 

Macrocytic All megaloblastic anaemias e.g Liver Disease 
Vitamin B,,, Folic acid deficiency 

Microcytic Chronic infections Iron deficiency 
Thalassemia 

Figure 2.29: Blood smear of a sickel cell anaemic patient 

In erythroblastosis foetalis, Rh-positive red blood cells, as you may recall reading 
earlier, are attacked by antibodies from a Rh-negative mother. These antibodies 
make the cells fragile, leading to rapid rupture causing the child to be born with 
serious anaemia. 

The classification of anaemia presented above is based on etiology i.e. based on 
causes of anaemia. Anaemia, you would realize, can be further classified based on 
morphological classification i.e. based on the size of the RBC (Mean Corpuscular 
Volume or MCV) and the amount of haemoglobin in the RBC (MCH). Table 2.3 
presents the morphological classification, also called the Wintrobes ClassiJcation. 

Table 2.3: Morphological classification of anaemia 

What do these terms microcytic, macrocytic etc. mean? These terminologies are 
explained herewith: 

hypochromic - less than normal color (decreased Hb content) 

hyperchromic - more than normal color (increased Hb content) 

macrocytic - larger than normal size 

microcytic - smaller than normal size 

normochromic - normal color (normal Hb content) 

The disease conditions which present the following blood picture are summarized next: 

macrocytic normochromic : pernicious anaemia, folic acid deficiency and chronic 
liver disease 

normochromic normocytic : acute blood loss and hemolytic anaemias 

microcytic norrnochromic : neoplastic 

microcytic hypochromic : Iron deficiency anaemia (look at the picture in 
Figure 2.27 above which is classical microcytic hypochromic picture), thalassemia, 
sideroblastic anaemias 

We shall not go into any M e r  details on this topic now, as it is not within the purview 
of this course. We hope that the information presented above, is sufficient for you to 
understand the anaemia types and their causes. 

56 With this, we come to an end on our discussion on anaemia. 



Check Your Progress Exercise 5 

li  What are the different blood group systems? 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

2,) What do you understand by the term 'Rh incompatability'? List the major 
consequences. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

3)  What is Erythroblastosis foetalis? Why does the risk of Rh incompatibility 
increases with more number of pregnancies? 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

4) Explain different types of anaemia. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

Cell and Blood 



Applied Physiology The process above must have given you a fairly good idea about the mechanism involved 
in the cessation of bleeding. This is a natural process which goes on in our body. But 
sometimes there can be a problem. There are a few disorders of haemostasis. Disorders 
of haemostasis can be roughly divided into platelet disorders (such as idiopathic 
thrombocytopenic purpura) and disorders of coagulation such as haemophilia. A brief 
knowledge ofthese disorder follows: 

Haemophilia 

Haemophilia is a disease characterized by excessive bleeding due to deficiency of clotting 
factor VIII. The patient need repeated blood transfusion or may need a factor VIII 
concentrate. 

Idiopathic Thrombocytopenic Purpura (ITP) 

"Thrombocytopenic" means the blood doesn't have enough platelets. "Purpura" means 
a person has excessive bruising. You may also hear ITP called "immune 
thrombocytopenic purpura". 

We have seen that patients with haemophilia require repeated blood transfusion. What 
is blood transfusion? We shall look into this aspect before ending our study ofblood the 
elixir of life. 

Transfusion of blood 

Blood has been considered as the elixir of life. However, in ancient times, patients were 
bled to get rid of their foul fluid. Later, as blood was transfused after the discovery of 
circulation, patients died after receiving transfusion. The blood being transfused from 
one patient was not compatible with the recipient's. Why is this so? Certainly you would 
know why, especially now that you have studied about blood groups. Considerable 
advances in transfusion medicine took place during the two World Wars. During the 
first world war, the collection and storage of blood was perfected. During the second 
world war, individual components of b!ood were separated. In early 19803, doctors 
started training in the specialty of blood transfusion and actively participating in patient 
care. 

Blood transfusion, therefore, refers to the infusion of blood or blood components into an 
individual for the treatment of a medical condition (e.g., anaemia, loss of blood due to 
injury etc.). Transfused blood may be homologous (from a donor) or autologous (previously 
stored blood from the recipient). 

It is important to note that blood transfusion is only to be given when there is no alternative. 
Though blood transfusion is safe, the main risk of transfusion is being given blood of the 
wrong group or a smaller risk of catching an infection. To ensure you receive the right 
blood, the clinical staff makes careful identification checks before any transfusion. 

Finally, in what form is the blood given? 

Blood is usually split up into four separate components: 

Whole blood: This is rarely used these days, only really in instances of severe 
blood loss. Instead it's almost always separated into its individual components. 

Red cells: These are used in the treatment of all kinds of anaemia which can't be 
medically corrected, such as when rheumatoid arthritis or cancer is involved, when 
red cells break down in the newborn, and for sickle cell disease. They're also. 
essential to replace lost red cells after such things as accidents, surgery and after 
childbirth, not to mention pre-op 'top-ups' for existing anaemic patients and for 
bum victims. 

5 8 
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Check Your Progress Exercise 6 

1 )  What is haemostasis? List its four components. 

................................................................................................................. 

................................................................................................................ 

................................................................................................................ 

................................................................................................................. 

2) Enumerate the disorders of haemostasis. How are these classified? Give an 
example of each. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

................................................................................................................. 

3) What do you understand by the term 'blood transfusion'? What is the main risk 
involved in it? 

................................................................................................................. 

................................................................................................................. 

................................................................................................................ 

................................................................................................................. 

4) What are the four components of blood? Which one of these is used to treat 
anaemia? 

................................................................................................................. 

................................................................................................................. 

................................................................................................................ 

................................................................................................................... 
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2.14 ANSWERS TO CHECK YOUR PROGRESS 
EXERCISES 

- Check Your Progress Exercise 1 

1) a) A cell is the smallest self funct~oning unit found in all living organisms. Each 
cell is enclosed by an outer membrane or wall called as cell membrane. It 
contains receptors on its surface, genetic material (DNA) nucleus and the 
cytoplasm. 

b) The cells have the same genetic material and each cell arises from preexisting 
cells. It is, therefore, capable of givingrise to anew individual. This potential 
of the cell to give rise to unlike cells and so to develop a new organism or a 
part is termed as totipotency. 

c) Cell theory constitutes of two statements: 

All cells arise from preexisting cells. 

All organisms are composed of cells. 

2) The benefits and constraints of multicellular organism over cellular organisms are: 

Unique coordination and specialization among the cells. 

Multiply and replace the lost cell without loosing its own identity. 

Differentiation ability has benefits such as increased survival, specialization 
and a proper balance between the cell surface and cell volume. 

3) Undifferentiated, differentiated and dedifferentiated cells are the major categories 
of cells on the basis of the levelsof differentiation. 

Check Your Progress Exercise 2 

1 )  a) The cell membrane is a dynamic structure undergoing a variety of changes. A 
fluid mosaic model was proposed by Singer and Nicholson (1972), according 
to which the cell membrane is composed of a lipid bilayer studded with the 
structural proteins. It is a two-dimensional fluid in which hydrophobic integral 
components are constrained within the plane of the membrane, but are free to 
diffuse laterally. 

b) Cytoskeleton is a network of fibers running throughout the matrix of living 
cells that provides a frame work for organelles, anchors the cell membrane, 
facilitates cellular movement and provides a suitable surface for chemical 
reactions. These are of 3 types: microfilaments, microtubules, and intermediate 
filaments. 

c) The cell membrane invapinates or encloses the fluid droplet or solid particle. 
The membrane then completely engulfs the particle and a part of its membrane 
pinches off to encircle the particle within the cell. This is referred to as 
endocytosis. 

d) The inner membrane ofmitochondria having many infoldings is called as cristae. 

e) Chromophobes are the independent units present in plastids of yellow fruits 
and vegetables. They produce proteins and trap energy for food production. 

2) Eukaryotic cells are the large multicellular cells that have a nucleus bounded by a 
double-layered membrane. They show a high degree of differentiation e.g. all 
plant and animal cells while prokaryotic cells are very small cells that multiply very 

icellular, believed to be evolutionary primitive e.g. bacteria 
61 





Cell and Blooi Epithelial tissues: skin and stomach 

Connective tissues: eyeballs and kidney 

Muscle tissues: cardiac muscle and urinary bladder 

Nervous tissues: neurons and glial cells in brain. 

Check Your Progress Exercise 4 

1) Blood is composed of 2 parts: 

a) Plasma which is the intercellular fluid 

b) Blood cells or corpuscles, such as RBCs, WBCs and platelets, which float in 
the plasma. 

Plasma forms about 55% of the blood volume whereas the cells occupy the 
remaining 45%. The composition of blood is water 91.0%, Protein -08.0%, salts 
0.9%. The balance (0.1%) is made up of traces of a number of organic materials: 
glucose, fats, urea, uric acid, creatinine, cholesterol, amino acids, gases, internal 
secretions, enzymes and antigens. 

2) Plasma is a faint yellow coloured fluid in which he cellular elements of blood are 
suspended. It has a slightly alkaline pH. The functions of plasma protiens are 
osmotic pressure, viscosity, protein reserve, antibodies, clotting and transport. 

3) f i e  basic function of red cells is to transport oxygen, which is made possible by the 
high affinity, which the haemoglobin (Hb) has for oxygen. Haemoglobin also plays 
a role in carbon-dioxide transport and maintenance of pH of blood. Whenever a 
germ or infection enters our body, the WBCs destroy the culprit. Their primary 
function is to produce antibodies (humoral immunity) or kill the invading bacteria 
directly (cytotoxic immunity). The main function of platelets, or thrombocytes, is to 
stop the loss of blood from wounds, i.e. haemostasis. 

4) Erythropoiesis is the process of formation of blood cells. Thq8factors regulating 
erythropoiesis are Erythropoetin; androgens' estrogen; thyroxine, cortisol and growth 

5 )  i) - b) 

ii) - c ) 

Check Your Progress Exercise 5 

1) The blood grouping systems are based on the type of antigens present on the 
surface of RBCs. The blood group systems based on the presence1 absence of 2 
antigens. A and B is the ABO system. Another system is Rh system, in which the 
RBCs have an antigen identical to Rhesus monkey's RBC. 

2) Rh incompatibility is a complication which is unique to blood transfusions. If a Rh 
negative individual is given Rh positive blood, there is no immediate adverse reaction 
because Rh negative individuals do not have anti-Rh antibodies which may damage 
the donor red cells. Its major consequence is Erythroblastosis foetalis. 

3) Besides the risk of a mismatch reaction during a second or during any subsequent 
blood transfusion, giving Rh positive blood involves risk in case of young Rh negative 
girls. This is because of the possibility of complication during pregnancy if the girl 
happens to have a Rh positive foetus in her uterus any time later in life. This is 
referred to as Erythroblastosis foetalis. 
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