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1.0 OBJECTIVES: 

After studying this unit, you should be able to: 

 Identify various body plans and symmetry. 

 Describe different levels of organization in human body. 

 List out the principal organ systems of the human body. 

 Understand the life processes or characteristics of life. 

 Describe the requirements for maintenance of life or survival needs. 

 

1.1 INTRODUCTION: It is believed that around 600 million years ago the development 

of organisms started based on the fossil evidences available at the Ediacara Hills of 

Australia. The Ediacaran organisms comprise a group of Late Precambrian fossils 

named for the place where they were first found and described, the Ediacara Hills of 

Australia. Some of these fossils show similarities to present invertebrates like 

cnidarians, echinoderms, worms, or arthropods.  The basic human body plan starts from 

earliest stages of embryonic development. The embryo is a small ball like structure in 

early stage with dividing cells. The embryo later starts to form the tissue and organs 

following further cell divisions. At the end of the third week the human embryo has 

Bilateral symmetry, with left and right sides mirror images of each other. The body plan 

originates with left and right sides of embryo with clarity in developing the vertebrate 

body supporting the upright body.  

1.2 BODY PLAN: A body plan can be thought of as a cross-section through an animal, 

showing only the most fundamental arrangement of the tissue layers. It does not show 

any detail, such as the position of the internal organs. 

Coelom: a fluid-filled space in the mesoderm of more advanced organisms which 

divides the gut muscles from those of the body wall. This provides a protective place for 

specialized organs, which are held in position, supported and lubricated. The main 

advantages are: 

1.  Separating the gut muscles from the body wall means that digestion can become 

more efficient (e.g. peristalsis can occur) 

2.  Aids locomotion as muscles and bones can develop. In earthworms, coelomic fluid 

itself provides a hydrostatic “skeleton”. 

3.  Allows for the development of internal organs 
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Organisms that have a coelom are known as coelomate organisms, all others 

are acoelomate. When we talk about complexity in phyla, we refer to the number of 

tissue layers and whether it has a coelom or not. 

1.3 CLASSIFICATION OF BODY PLANS:  

Diploblastic acoelomate: An animal possessing 2 major tissue layers. These include 

the outer layer (the ectoderm) and the 

inner layer (the endoderm).  

Triploblastic acoelomate: An animal 

possessing 3 major tissue layers. It has a 

middle layer (the mesoderm), between the 

endoderm and the ectoderm. 

Triploblastic coelomate: An animal 

possessing 3 major tissue layers. It has a 

middle layer, the mesoderm, which 

contains the coelom between the 

endoderm and the ectoderm.  

All phyla fit into one of the three body plans shown in the diagram above. 

The more tissue layers and the presence of a coelom the more complex the animal 

system will be. Humans, for example, have a coelom and are triploblastic, making them 

one of the most complex organisms in terms of their body plan. The presence of coelom, 

 enables independent movement of the gut wall and the body wall. 

  provides space for the enlargement and development of internal organs. 

 may act as a circulatory medium for transport of materials or a storage area of excess 

or waste materials. 

 

1.4 SYMMETRY IN ANIMALS: 

1.  Asymmetry is the absence of, or a 

violation of, symmetry. e.g. sponge. 

2. Radial symmetry: Slow moving 

or sessile (non-moving) organisms 
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have a point of symmetry. Sensory, feeding and defense structures are spread out 

around the whole organism, e.g. jellyfish and adult starfish.  

3. Bilateral symmetry: Active animals have an axis of symmetry. They often exhibit 

cephalisation (all sense organs on a distinct head). e.g. insects, human. 

 

1.5 DIFFERENT LEVELS OF ORGANIZATION: The evolution of animal body plan 

originated over 600 million years ago. A body plan is the blue print for the way to locate 

the organs. Every organism has a body plan. The symmetry and number of segments, 

organs etc., are related to body plan in the early stage of formation of body. The DNA 

controls the development of structural features, location and position of cells and 

organs. The humans had a "pipe" alimentary canal in early stage of body plan. The 

humans developed basic symmetry in body plan which gave advantage of movement, 

survival and reproduction. 

The human body starts at a Chemical level, that consist of atoms and molecules which 

forms cellular level -> tissue level -> organ level -> organ system level -> organism -> 

Body. Let us understand each level of development of human body in detail. 

 

1. Chemical level:  The chemicals that make up the human body may be divided into 

two major categories:  Inorganic and organic. 

Inorganic chemicals: These are usually simple molecules made up of one or more 

elements other than Carbon.  Examples:  Water, Oxygen, Carbon Dioxide (an exception), 

and minerals such as iron, calcium, and sodium. 

Organic chemicals: These are often very Complex and always contain the elements 

carbon and hydrogen. Examples:  Carbohydrates, Fats, Proteins, and Nucleic Acids. 

 

2. Cellular level:  The smallest living units of structure and function are cells. Anything 

less than a complete structure of a cell does not ensure independent living. Hence, cell is 

the fundamental structural and functional unit of all living organisms such as a human 

being. There are many different types of cells; each is made of chemicals and carries out 

specific chemical reactions. 

 

3. Tissue level: A tissue is a group of cells with similar structure and function. There 

are four groups of tissues. 
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Epithelial tissue: Cover or line body surfaces; some are capable of producing 

secretions with specific functions.  The outer layer of the skin and sweat glands are 

examples of epithelial tissue. 

Connective tissue: 

Connects and supports parts 

of the body; some transport 

or store materials.  Blood, 

Bone, and Adipose Tissue 

(Fat) are examples. 

Muscle tissue: Specialized 

for contraction, which brings 

about movement. Our 

skeleton muscles and the 

heart are examples. 

Nerve tissue: Specialized to 

generate and transmit 

electrochemical impulses 

that regulate body 

functions.  The brain and 

optic nerves are examples. 

 

4. Organ level:  An organ is 

a group of two or more different types of tissues precisely arranged so as to accomplish 

specific functions and usually have recognizable shape. Heart, Brain, Liver, Lungs are 

examples. 

 

5. Organ system level:   An organ system is a group of organs that all contribute to a 

particular function. Examples are the Circulatory, Respiratory, and Digestive Systems. 

Each organ system carries out its own specific function, but for the organism to survive 

the organ systems must work together this is called integration of organ systems. 

 

 6. Organism level: Organism level is the most complicated and complete level of the 
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body plan. All the organ systems of the body functioning with one another constitute the 

total organism or a living individual, a human being. 

 

1.6 PRINCIPAL ORGAN SYSTEMS OF THE HUMAN BODY:  There are about 11 organ 

systems that function together in human body. The organ systems are comprised of 

various organs. Let us know in brief the organ systems present in human body. In the 

following units we will study these organ systems and their function in detail. 

1. Integumentary system: Integumentary system consists of the skin and structures 

derived from it, such as hair, nails, sweat and oil glands. Mainly integumentary system 

serves as a barrier to pathogens and chemicals to protect human body, and helps 

regulate body temperature, eliminates waste, and helps synthesize vitamin D. In 

addition, the integumentary system receives environmental stimuli due to exposure to 

temperature, pressure, and pain. 

Integumentary system is the most visible system and more attention paid to this organ 

system. Inspection of the skin, hair, and nails is significant part of a physical 

examination. Skin is the most vulnerable organ due to exposure to radiation, trauma, 

infection, and injurious chemicals.  

2. Skeletal system: All the bones of the body (206), their associated cartilage, and the 

joints of the body constitute skeletal system. Bones support and protect the body, assist 

in body movement. Skeletal system houses cells that produce blood cells, and also store 

minerals. Skeletal system supports the muscle attachment in turn movement of body.  

3. Muscular system: Specifically refers to skeletal muscle tissue and tendons. 

Participates in bringing about movement, maintaining posture, and produces heat. 

4. Circulatory and cardiovascular system: The heart, blood and blood vessels 

constitute this system. Transports oxygen and nutrients to tissues and removes waste. 

5. Lymphatic system: The lymph, lymphatic vessels, and structures or organs (spleen 

and lymph nodes) containing lymph tissue constitute this system. Cleans and returns 

tissue fluid to the blood and destroys pathogens that enter the body. Most of the times 

the lymphatic system functions very closely with the immune system or circulatory 

system hence studied and classified together with these systems.  

6. Nervous system: The brain, spinal cord, nerves, and sense organs, such as the eyes 

and ears. Interprets sensory information, regulates body functions such as movement 

by means of electrochemical impulses. 
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7. Endocrine system:  All hormone producing glands and cells such as the Pituitary 

Gland, Thyroid Gland, and Pancreas constitute this system. Regulate body functions by 

means of secretion of hormones into the circulation. 

 

 

 

 

8. Respiratory system: The Lungs and a series of associated passageways such as the 

Pharynx (Throat), Larynx (Voice Box), Trachea (Windpipe), and Bronchial Tubes 

leading into and out of them constitute this system. Primary function of this system is to 

participate in the exchange of oxygen and carbon dioxide between the air and blood. 
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9. Digestive system:  A long tube called the Gastrointestinal (GI) Tract and associated 

organs such as the Salivary Glands, Liver, Gallbladder, and Pancreas together form this 

system. The role of this system is to break down and absorb food for use by cells and 

eliminates solid and other waste. 

10. Urinary and excretory system: The Kidneys, Urinary Bladder, and Urethra that 

together produce, store, and eliminate Urine form this system. Primary function is to 

remove waste products from the blood and regulate volume and pH of blood. 

11. Immune system: The immune system consists of several organs, as well as white 

blood cells present in the blood and Lymphatic system of an individual. 

The main organs of this system are lymph nodes, spleen, lymph vessels, blood vessels, 

bone marrow, and white blood cells (Lymphocytes). Provide protection against 

infection and disease. 

12. Reproductive system: Organs that produce, store, and transport reproductive cells 

(sperm and eggs) form the part of this system. Produces eggs (in female) and sperm (in 

male) and provides a site for the developing embryo-foetus. 

 

1.7 LIFE PROCESSES OR CHARACTERISTICS OF LIFE: All living organisms carry on 

certain processes that set them apart from nonliving things. The following are several of 

the more important life processes carried out by humans. The following terminologies 

are important for further understanding of human body. 

Metabolism: Is the sum of all the chemical reactions that occur in the body.  One phase 

of metabolism is called catabolism which provides the energy needed to sustain life by 

breaking down substances such as food molecules. The other phase is called anabolism 

which uses the energy from catabolism to make various substances that form body 

structures and enable them to function. 

Assimilation: The changing of absorbed substances into forms that is chemically 

different from those that entered body fluids. 

Responsiveness: The ability to detect and respond to changes outside or inside the 

body. Seeking water to quench thirst is a response to water loss from body tissue. 

Movement: Includes motion of the whole body, individual organs, single cells, or even 

structures inside cells. 

Growth: Refers to an increase in body size.  It may be due to an increase in the size of 

existing cells, the number of cells, or the amount of substance surrounding cells. It 
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occurs whenever an organism produces new body materials faster than old ones are 

worn out or replaced. 

Differentiation: This is the process whereby unspecialized cells become specialized 

cells.  Specialized cells differ in structure and function from the cells from which they 

originated. 

Reproduction: Refers to either the formation of new cells for growth, repair, or 

replacement or to the making of a new individual. 

Others process which we will come across in the coming units include: 

Respiration: Obtaining oxygen. 

Digestion: Chemically and mechanically breaking down food substances. 

Absorption: The passage of substances through certain membranes. 

Circulation:  The movement of substances within the body in body fluids. 

Excretion: Removal of wastes that the body produces. 

 

1.8 MAINTENANCE OF LIFE OR SURVIVAL NEEDS: The structures and functions of 

almost all body parts help maintain the life of an Organism. The only exceptions are the 

organism’s reproductive structures, which ensure that its species will continue into the 

future. In addition life requires certain environmental factors, including the following: 

Water: This is the most abundant chemical in the body and it is required for many 

metabolic processes and provides the environment in which most of them take place. 

Water also transports substances within the organism and is important in regulating 

body temperature. 

Food: The substances that provide the body with necessary Chemicals (Nutrients) in 

addition to Water. Food is used for energy, supply the raw materials for building new 

living matter and still others help regulate vital chemical reactions. 

 Oxygen: It is required to release energy from food substances. This energy, in turn, 

drives metabolic processes. Approximately 20% of the air we breathe is oxygen. 

Heat (Body temperature): A form of energy, it is a product of Metabolic Reactions. 

Normal Body Temperature is around 37oC or 98oF. Both low and high body 

temperatures are dangerous to the organism. 

Pressure: Atmospheric pressure is necessary for breathing. 
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1.9 HOMEOSTASIS OF HUMAN BODY: All of the above systems function together to 

help the Human Body to Maintain homeostasis. A person who is in good health is in a 

state of Homeostasis. Homeostasis reflects the ability of the body to maintain relative 

stability and to function normally despite constant changes. These changes may be 

external or internal, and the body must respond appropriately. As we continue to study 

the human body, keep in mind that the proper functioning of each organ and organ 

system has a role to perform in maintaining homeostasis. Further, the human body uses 

homeostasis mechanisms to maintain its stable internal environment. Homeostasis 

mechanisms work much like a Thermostat (negative feedback) that is sensitive to 

temperature and maintains a relative constant room temperature whether the room 

gets to hot or cold. 

 

1.10 BODY CAVITIES:  Many organs and organ 

systems in the human body are housed in 

compartments called body cavities.  

These cavities protect delicate internal organs 

from injuries and from the daily wear of 

walking, jumping, or running. 

The body cavities also permit organs such as the 

lungs, the urinary bladder, and the stomach to 

expand and contract while remaining securely 

supported. 

 The human body has four main body cavities: 

1. Cranial cavity - encases the brain. 

2.  Spinal cavity - extending from the cranial cavity to the base of the spine, surrounds 

the Spinal Cord. 

The two main cavities in the trunk of the human body are separated by a wall of muscle 

called the diaphragm. 

3. Thoracic cavity - The upper compartment contains the heart, the esophagus, and the 

organs of the respiratory system - the lungs, trachea, and bronchi. 

4.  Abdominal cavity - The lower compartment contains organs of the digestive, 

reproductive, and excretory systems. 
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1.11 SUMMARY: Humans belong to Triploblastic coelomate class which means, an 

animal possessing 3 major tissue layers, such as endo, meso and ectoderm layers. 

Further, in humans there is a coelom between the endoderm and the ectoderm in 

addition to gut. 

Animals show different patterns of body symmetry. Some groups, such as the phylum 

Porifera, show no particular pattern of symmetry (asymmetry). That is, no line of 

bisection exists that could divide the organism into similar-looking halves. Other 

groups, including the Cnidaria and Echinodermata show radial symmetry, where more 

than one hypothetical bisections can be visualized. A third pattern, seen in most phyla of 

animals, is bilateral symmetry, where only one hypothetical bisection can be 

visualized. 

One of the primary ways zoologist’s group animals has to do with the presence or 

absence of a coelom, and how the coelom is formed. A coelom is a fluid-filled cavity 

between the alimentary canal and the body wall. The peritoneal cavity in our abdomen 

is one part of our coelom, and there are similar spaces around our heart and 

lungs.  However, the type of coelom (or even its existence) differs among groups of 

animals – both in its structure (such as what types of tissues surround it) and its mode 

of development.  There are three structural types of body plans related to the coelom. 

These are, 

1.  Acoelomate, in which no coelomic cavity exists. 

2.  Pseudocoelomate, in which a coelom exists, but it is lined by mesoderm only on the 

body wall, not around the gut.   

3.  Coelomate, in which the coelom is lined both on the inside of the body wall and 

around the gut by mesoderm.   

 

1.12 KEY WORDS: Body plan, Symmetry, Organ level, Organ system level, Survival 

needs, Organ functions, homeostasis, Body cavities. 

 

1.13 QUESTIONS FOR SELF STUDY: 

1) What is body plan, what body plan does humans belong to? 

2) Explain various types of symmetry 

3) Describe different levels of organization in human body 

4) List out the principal organ systems of the human body 
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5) Explain characteristics of life 

6) Describe the requirements for maintenance of life or survival needs 

7) With the help of a diagram describe the body cavities and their function   

 

1.14 FURTHER REFERENCES: 

1) Text book of biochemistry-White, Handler and Smith. 

2) Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

3) Text book of Physiology- Chatterjee 

4) Essentials of Food and Nutrition- Swaminathan M. 

5) A text book of biochemistry- A.V.S.S. Rama Rao- UBS Publishers. 
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2.0 OBJECTIVES: After studying this unit, you should be able to: 

 Describe the composition of blood (Cells and plasma). 

 Identify erythrocytes, and list their properties and functions. 

 Describe different types of White blood cells and their functions. 

 List the role of platelets in the human blood. 

 Describe the importance of hemostasis. 

 Understand the composition and functions of Cerebrospinal fluid. 

  Describe lymph and its composition. 

 

2.1 INTRODUCTION: Blood is called the ‘River of the life’. About 400 years ago, the 

blood circulation around the human body was discovered and 200 years back the first 

human blood transfusion was performed. We have a complex circulatory system to 

carry the blood. The average adult has about five litre of blood inside their body, 

coursing through their vessels, delivering essential elements, and removing harmful 

wastes. Without blood, the human body would stop working. It is estimated that 8 

million blood cells die in human body every second with the same number being born 

each second.  

The blood looks like a red liquid, but it is made up of billions of cells in a pale yellow-

coloured fluid called plasma. The bone marrow is a blood factory from where most of 

the blood cells arise. There are 3 main types of blood cells: red blood cells, white blood 

cells and platelets. The red blood cells give blood its red colour. Blood is the only tissue 

that flows throughout your body. This red liquid carries oxygen and nutrients to all 

parts of the body and waste products back to your lungs, kidneys and liver for disposal. 

It is also an essential part of your immune system, crucial to fluid and temperature 

balance, a hydraulic fluid for certain functions and a highway for hormonal messages. 

This wonderful tissue may be the easiest to transplant (transfuse). In the present unit 

we will study about blood, its composition and how blood functions as a buffer. In 

addition, we will discuss key concepts such as blood pressure, blood clotting and about 

anticoagulants which prevent blood from clotting. Finally, we will study about the other 

two important liquids present in the body (apart from blood) the cerebrospinal fluid 

and lymph. 
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2.2 BLOOD COMPOSITION: Blood is a constantly circulating fluid providing the body 

with nutrition, oxygen, and waste removal. Blood is mostly liquid, with numerous cells 

and proteins suspended in it, making blood "thicker" than pure water. The average 

person has about 5 litres (more than a gallon) of blood. 

Liquid called plasma makes up about half of the content of blood. Plasma contains 

proteins that help blood to clot, 

transport substances through the 

blood, and perform other functions. 

Blood plasma also contains glucose 

and other dissolved nutrients.  

About half of blood volume is 

composed of blood cells which are 

also called formed elements of blood: 

• Red blood cells, which carry oxygen 

to the tissues 

• White blood cells, which fight 

infections 

• Platelets, smaller cells that help 

blood to clot 

Blood is conducted through blood vessels (arteries and veins). Blood is prevented from 

clotting in the blood vessels by their smoothness, and the finely tuned balance of 

clotting factors. 

Blood plasma: It is a mixture of proteins, enzymes, nutrients, wastes, hormones and 

gases. The proteins are categorized in three groups majorly- 1) albumin, 2) globulin, 

and 3) fibrinogen. The plasma contains nitrogen wastes, abundant sodium ions, gases 

mostly oxygen and carbon dioxide.  

The formed elements: 

Formed elements are 

RBC's, WBC's and 

platelets. The RBC's are 

also called Erythrocytes, 
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WRC's are also called Leucocytes. These formed elements are enclosed in a membrane 

and have a definite structure and shape. All formed elements are cells except for 

platelets from fragments of bone marrow cells. The WBC is mainly of two types. 1) 

granulocyte and 2) agranulocyte. They have different shape and they can change their 

shape also. They secret coagulants. They also digest and destroy bacteria.  

 

2.3 ERYTHROCYTES STRUCTURE AND FUNCTIONS:  Red blood cells (RBC) also called 

as Erythrocytes is a simple cell. The RBC does not contain any cell organelles. It has no 

mitochondria (ATP generating machinery), Ribosome, endoplasmic reticulum, centriole 

etc. RBC is a biconcave cell. After maturity it loses its nucleus and the mature RBC is a 

very simple living cell containing Haemoglobin (Hb). Nearly 

95% RBC is made up of Hb. The diameter of an average RBC is 

7.5 µm and the thickness is 1-2 µm. A healthy RBC can enter a 

very narrow capillary by sequencing itself and afterwards it 

regains its original shape. The life span of a RBC is 120 days.  

The biconcave shape of RBC gives an increased surface area, 

allowing the cell to contain more Hb. The small size and large 

surface area both increase the rate of diffusion of O2 and CO2. 

The reddish colour of RBC's is derived from Hb. The protein 

globin (containing 4 polypeptide chains) combines with haem, 

which contains an iron atom. One O2 molecule binds to each iron atom. Therefore, each 

haemoglobin molecule can bind 4O2 molecules. Cell shape is maintained by a protein 

cytoskeleton. RBC's are very flexible and can squeeze through minute gaps, such as 

capillary walls. 

Functions of RBC: RBC's carries O2 from the lungs and transports it to cells through the 

body. In a reversible process Hb binds O2 in the lungs to form oxyhaemoglobin, which is 

taken to the cells where it gives up it's O2. Haemoglobin also carries CO2 from the cells, 

which is returned to the lungs. 95% of CO2 generated is carried by RBC's (containing the 

enzyme carbon anhydrase to speed up the process). About 5% of CO2 is dissolved in 

blood plasma. If all CO2 were carried this way the blood pH would drop to an instantly 

fatal 4.5. It is essential that blood pH is maintained, and Hb acts as a powerful buffer in 

maintaining a pH of about 7.4. 
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Stability of RBC: The stability of RBC is very essential in blood stream. The RBC 

stabilization depends on its movement in capillaries. During passage through the 

circulation the RBC which has 7 to 8 microns in diameter must elongate otherwise 

deformed. If the RBC enters 3 micron diameter capillaries or it may enter endothelial 

sites having 1 micron diameter. Then more deformity occurs and stability lost. The 

stabilization is very essential in all this conditions. During 120 days life span it must 

undergo deformation however the stability of RBC is maintained until it dies.  

Hypertonic solution or Hypertonicicty: When the osmotic pressure of the solution 

outside the blood cells is higher than the osmotic pressure inside the red blood cells, the 

solution is hypertonic. The water inside the blood cells exits the cells in an attempt to 

equalize the osmotic pressure, 

causing the cells to shrink.  

Isotonic solution or Isotonicity: 

When the osmotic pressure 

outside the red blood cells is the 

same as the pressure inside the 

cells, the solution is isotonic with 

respect to the cytoplasm. This is 

the usual condition of red blood 

cells in plasma. The cells are 

normal. 

Hypotonic solution or Hypotonicity: When the solution outside of the red blood cells 

has a lower osmotic pressure than the cytoplasm of the red blood cells, the solution is 

hypotonic with respect to the cells. The cells take in water in an attempt to equalize the 

osmotic pressure, causing them to swell and potentially burst. 

The red cell "skeleton": The lipid bilayer is stabilised by a protein framework on the 

inside of the cell. This is the most important factor in RBC stabilization, which is 

regulated by the membrane property that is elasticity, different modules of RBC like 

bending module etc. The "skeleton" is made of spectrin, an asymmetric two-chained 

molecule which is attached to the inside of the cell wall by other proteins including 

actin and ankyrin. The ankyrin binds to an integral protein and the actin to a 

peripheral protein. Spectrin gives the cell membrane its flexibility and strength. The red 

cell distorts as it passes through tiny capillaries, but once through the capillary, it 
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immediately returns to its biconcave shape. If spectrin is denatured, e.g. by heat, the red 

cell assumes a spherical shape and loses its flexibility (spherocytosis). 

 

2.4 WBC TYPES AND FUNCTIONS:  The WBC also called as Leucocytes. The white 

blood cells are mainly two types. 

 (1) Granulocytes and (2) Agranulocytes or Mono nuclear cells without granules. WBCs 

are totally 5 types. The granulocytes are of three types 1) Neutrophils (60 to 70%) (2) 

Eosinophils (1 to 4%) (3) Basophils (0.1 to 1 %). The Agranulocytes are of two types (1) 

Lymphocytes (2) Small lymphocytes.  

Neutrophils: Neutrophils contain very fine cytoplasmic granules. They are also called 

as polymorphonuclear (PMN) cells, because they have  a variety of nuclear shapes. The 

most important function of neutrophils is phagocytosis. Neutrophils kill the bacteria by 

phagocytosis. 

 

Eosinophils: Eosinophils made up of large granules and a prominent nucleus. They 

secrete histamine which increases tissue blood flow via dialating blood vessels and 

secret heparin which is a anticoagulant. 



Unit-2: Blood-RBC, WBC, Hemostasis, Blood Coagulation, CSF & Lymph 

 

KSOU-BC-1.3; Block-1: Unit-2 Page 19 
 

Basophils: Basophils have pale colored nucleus with hidden granules. They secrete 

histamine which increases tissue blood flow via dilating blood vessels and secrete 

heparin which is a anticoagulant. 

Agranulocytes or mononuclear cells:  

Lymphocytes: They are divided into large and small lymphocyte. They help in 

destroying cancer cells, cells infected by viruses, stimulate cells of the immune system 

to secrete antibodies. 

Monocytes: They are large in shape, their cytoplasm is abundant they are Macrophages. 

They phagocyte and digest pathogen and repair the tissues. They produce Antigens like 

lymphocytes. 

Platelets and their functions: Platelets are also called thrombocytes. Unlike red and 

white blood cells, platelets are not actually cells but rather small fragments of bone 

marrow cells. Platelets help the blood clotting process (or coagulation) by gathering at 

the site of an injury, sticking to the lining of the injured blood vessel, and forming a 

platform on which blood coagulation can occur. This results in the formation of a fibrin 

clot, which covers the wound and prevents blood from leaking out. Fibrin also forms the 

initial scaffolding upon which new tissue forms, thus promoting healing. Platelets also 

secrete vasoconstrictor and arrest haemorrhage, that is hemostasis. They aggregate to 

stop bleeding and secrete coagulants to promote clotting. Platelets also participate in 

destruction of bacteria.  

.Differential count: Differential count is the percentage of each type of blood cell. It 

reveals normal as well as abnormal 

percentage of white cells in our 

blood. The differential white cells 

count is usually calculated by 

examination of the stained blood film 

and counting different white cells and 

expressed in percentage. A healthy 

adult result would be Neutrophil-

60%, Lymphocytes- 30%, Monocytes- 

6%, Eosinophil- 3%, Basophils- 1%.  

In almost any illness may alter the 

total or differential white cell count. 

In differential count each cell count is 

significant for the blood defense 

activity. The Neutrophil count 
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signifies phagocytosis. Lymphocyte count signifies the activity related to defense 

mechanism. Eosinophil count is increased during allergy. 

 

2.5 BLOOD PROTEINS/PLASMA PROTEINS: Plasma proteins also termed serum 

proteins, are proteins present in blood plasma. They serve many different functions, 

including transport of lipids, hormones, vitamins and metals in the circulatory system 

and the regulation of acellular activity and functioning and in the immune system. Other 

blood proteins act as enzymes, complement components, protease inhibitors or kinin 

precursors. Contrary to popular belief, hemoglobin is not a blood protein, as it is carried 

within the RBC, rather than in the blood serum. Serum albumin accounts for 55% of 

blood proteins, and is a major contributor to maintaining the osmotic pressure of 

plasma to assist in the transport of lipids and steroid hormones. Globulins make up 38% 

of blood proteins and transport ions, hormones and lipids assisting in immune function. 

Fibrinogen comprises 7% of blood proteins; conversion of fibrinogen to insoluble fibrin 

is essential for blood clotting. The remainder of plasma proteins (1%) is made up of 

regulatory proteins such as enzymes, proenzymes and hormones. All blood proteins are 

synthesized in liver except for the gamma globulins. Separating serum proteins by 

electrophoresis is a valuable diagnostic tool as well as a way to monitor plasma proteins 

in normal and clinical conditions.  

Blood proteins Normal level     % Functions 

Albumins 3.5-5.0 gm/dl 55 % Maintain colloid osmotic pressure, 

Create  oncotic pressure and 

transport insoluble molecules 

Globulins 2.0-2.5gm/dl 38% Participate in immune system 

Fibrinogen 0.2-0.45gm/dl 7% Blood coagulation 

Regulatory proteins  <1 % Regulation of gene expression 

Clotting factors  <1 % Conversion of fibrinogen into Fibrin 

Biological buffering of blood/ Buffering systems of human body: There are three 

important buffer systems which are major contributors to regulating the pH of blood. 

1. Bicarbonate buffer system 

2. Phosphate buffer system 

3. Protein buffer system 
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 Blood pH must be kept close to 7.4. Hydrogen ion generated in the blood is extremely 

reactive and effects many molecules which regulate physiological processes. Blood pH is 

set at a slightly alkaline level of 7.4 (pH 7.0 is neutral). A change of pH of 0.2 units in 

either direction is considered serious. Blood pHs below 6.9 or above 7.9 are usually fatal 

if they last for more than a short time.  All three buffer systems work similarly, when 

these buffer systems are exposed to very acidic solution (free hydrogen ions) the base 

component of the buffer neutralize the excess hydrogen ions.  And these buffer systems 

are exposed to strong base (lack free hydrogen ions), they donate their hydrogen ions to 

the solution neutralizing its basic nature. In other words, these buffer systems turn 

strong acids into weak acids and turn strong bases into weak bases. 

1. Bicarbonate buffer system: The bicarbonate system is the most important and is 

controlled by the rate of respiration. Carbon dioxide in water reacts to form carbonic 

acid, CO2 (g) <-> CO2 (aq) + H2O -> H2CO3 (Carbonic acid). The pKa of carbonic acid is 

6.35. the pH of blood is 7.4 so the acid is greater than 1 pH away from the pKa and it is 

primarily dissociated to H2CO3 -> H+ + HCO3 (Bicarbonate) under physiological 

conditions the equilibrium for the first reaction is far to the left, and the combined pKa 

for the two reactions is 6.4. At first glance this does not look like a good buffer for blood. 

The buffering capacity is poor. To maintain a pH of 7.4 there would have to be a ratio of 

11 to 1 of bicarbonate to carbon dioxide. 

pH = 6.4 + Log [HCO3-]/[CO2] 

Because this is an open system, the CO2 

dissolved and the bicarbonate can rapidly 

change. Changes resulting in loss of 

carbonic acid are replaced by CO2 

dissolving - This is an open system. Normal concentration of carbon dioxide is 1.2 mM 

and bicarbonate is 15 mM. 

2. Phosphate buffer system:  Phosphate buffer system is a relatively unimportant 

buffer system when it comes to buffering the pH changes in the blood due to its low 

concentration of hydrogen phosphate and dihydrogen phosphate ions. However, when 

it comes to intracellular compartment and urine, the concentration of these two ions 

would be rather high and therefore its buffering capacity would also be at a higher level. 

The importance of phosphate buffer system can be illustrated with regard to the 

buffering action of urine. Thus, the phosphates promote holding of H+ in the urine and 
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thereby eliminating the same via urine. At the same time, because of the phosphate 

effect, the kidneys are able to absorb the bicarbonates back into the body without 

dragging the H+ back in to the system. This allows the body to maintain a acid base 

balance, even in instances where the body produce higher concentration of H+ due to 

various reasons. 

 The nucleic acid and phosphoprotein break down yields phosphoric acid.  Phosphoric 

acid is H3PO4, which changes pretty quickly into dihydrogen phosphate, or H2PO4-.  This 

dihydrogen phosphate is an excellent buffer, since it can react with a hydrogen ion and 

reform phosphoric acid, or it can give off another hydrogen ion and become 

monohydrogen phosphate, 

or HPO42-. In extremely basic 

conditions, monohydrogen 

phosphate can even give up 

its remaining hydrogen ion. 

If the H2PO4- is in an acidic solution, the above reactions go to the left, and if the H2PO4-

 is in a basic solution, the reactions above proceed to the right. Therefore, the phosphate 

buffer system can accept or donate hydrogen ions depending on the condition of the 

body. 

3. Protein buffer system 

While bicarbonate buffer system accounts for most of the buffering in the extra-cellular 

compartment, protein buffer system contributes mainly to the intra-cellular buffering 

although it exerts extra-cellular buffering as well. As such, protein buffer system is also 

known as ‘cellular buffering’. Among the intracellular protein buffers, hemoglobin is the 

main contributor while plasma proteins are the main sources of extracellular protein 

buffering. However, the buffering capacity of hemoglobin 

is around six times more than the buffering capacity of the 

plasma proteins. In addition, the deoxy form of 

hemoglobin is far more effective than its saturated oxyhemoglobin. 

To understand in detail how proteins work as buffers, proteins are made up of amino 
acids.  Amino acids have a central carbon with four groups: 
 

1. a carboxyl group (COOH) 

2. an amino group (NH2) 
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3. a hydrogen atom 

4. an R group 

The carboxyl and amino groups 

are what enable proteins to act 

as buffers. The carboxyl group at 

a near neutral pH, like the pH of blood, the carboxyl group is actually COO- instead of 

COOH.  At acidic pH, the carboxyl group will bind with extra hydrogen ions and return to 

the COOH configuration. Further the amino group, at a near neutral pH, like in blood, 

exists as NH3+ rather than just NH2. It actually tends to carry an extra hydrogen ion on it 

at a normal pH.  In a basic environment, its amino groups on its amino acids can actually 

release their hydrogen ions and return to NH2. So amino acids can accept or donate 

hydrogen ions, making them excellent buffers. Any given protein typically has number 

of amino acids with their R group free to interact with the environment and they are 

found in very high concentration in intracellular solutions and in blood. 

 

2.6 HAEMOSTASIS: The term Haemostasis means to stop the loss of blood. This 

Haemostasis mechanism occurs whenever a vessel is ruptured or damaged. There are 

three mechanisms that work together in the process of Hemostasis. 

1) Vasoconstriction 2) Platelet 

aggregation or plug formation and 3) 

Clotting of blood. The vasoconstriction of 

a damaged blood vessel slows the flow of 

blood. This is initiated by 

vasoconstrictors such as thromboxane, at 

the site of injury and also epinephrine 

released by adrenal glands. The 

adrenaline stimulates general 

vasoconstriction. The formation of platelet plug is generated by platelets called 

thrombocytes. When a vessel is damaged the collagen fibers and platelets stick together.  

The clotting process (Hemostasis) is a vital process by which the body prevents blood 

loss is referred to as coagulation. Coagulation involves the formation of a blood clot 

(thrombus) that prevents further blood loss from damaged tissues, blood vessels or 
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organs. This is a complicated process with a cellular system comprised of cells called 

platelets that circulate in the blood and serve to form a platelet plug over damaged 

vessels and a second system based upon the actions of multiple proteins (called clotting 

factors) that act in concert to produce a fibrin clot. 

These two systems work in concert to form a clot; disorders in either system can yield 

disorders that cause either too much or too little clotting.  Platelets serve three primary 

functions: 1) sticking to the injured blood vessel (called platelet adherence), 2) 

attaching to other platelets to enlarge the forming plug (called platelet aggregation), and 

3) providing support (molecules on the surface of platelets are required for many of the 

reactions) for the processes of the coagulation cascade. When a break in a blood vessel 

occurs, substances are exposed that normally are not in direct contact with the blood 

flow. These substances (primarily collagen and von Willebrand factor) allow the 

platelets to adhere to the broken surface. Once a platelet adheres to the surface, it 

releases chemicals that attract additional platelets to the damaged area, referred to as 

platelet aggregation. These two processes are the first responses to stop bleeding. The 

protein based system (the coagulation cascade) serves to stabilize the clot that has 

formed and further seal up the wound. 

Clotting of blood: The blood contains 13 clotting factors. These factors are proteins in 

the blood not activated in healthy vessels. Whenever the vessels are damaged these 

factors are activated and they help in formation of clot. The clots are formed using 

fibrin, fibrinogen, thrombin, prothrombin in the presence of calcium. The fibrinogen 

activates fibrin. Prothrombin to thrombin. The platelets aggregate to form the clot. 

 

2.7 BLOOD VOLUME, BLOOD PRESSURE AND ITS REGULATION: Blood volume is a 

measurement of the volume, or amount of space, that the blood takes up in a given 

person. This includes both red blood cells and plasma; it is not limited to one particular 

part of blood. Maintaining a normal volume of blood is very important as it carries 

oxygen and essential nutrients throughout the body. If a person loses too 

much blood because of a bleeding wound or because of inadequate blood cell synthesis, 

dangerously low blood pressure can result and may cause vital organs to receive 

inadequate amounts of oxygen and nutrients. The blood volume is regulated mainly by 

kidneys. The kidney regulates the amount of water and sodium lost through urine. 
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There are many different factors that affect blood volume from person to person. 

Females, on average, have less blood than males do, and the bodies of children tend to 

contain less than those of grown men or women. Most people have roughly 1.2 gallons 

(4.7 litres) of blood in their bodies. Blood makes up approximately 1/11 of human body 

weight. People who live at high altitudes tend to have a higher volume because there is 

less oxygen in the air; the extra blood is needed to carry additional oxygen throughout 

the body. 

2.7.1 Blood pressure: Blood pressure is a measurement of the force of blood against 

the arterial walls when the heart pumps. Sometimes, it is also referred to as arterial 

blood pressure, and is one of the principal vital signs. During each heart beat, blood 

pressure varies between a maximum (systolic) and a minimum (diastolic) pressure. 

Differences in mean blood pressure are responsible for blood flow from one location to 

another in the circulation. The rate of mean blood flow depends on the resistance to 

flow presented by the blood vessels. Mean blood pressure decreases as the circulating 

blood moves away from the heart through arteries and capillaries due to viscous losses 

of energy. Mean blood pressure drops over the whole circulation, although most of the 

fall occurs along the small arteries and arterioles. Gravity affects blood pressure via 

hydrostatic forces, and the valves in veins, breathing and pumping from contraction of 

skeletal muscles also influence blood pressure in veins. 

Arterial pressure is most commonly measured via a sphygmomanometer, which 

historically uses the height of a column of mercury to reflect the circulating pressure. 

The measurement of blood pressure is done at a person's upper arm and is the measure 

of the pressure in the bronchial artery, the major artery in the upper arm. Blood 

pressure is measured in millimeters of mercury (mmHg) and is expressed as two 

numbers. For example, the optimal blood pressure for an adult is 120 over 80, or 

120/80. The top number, called the systolic pressure, measures the 

highest pressure exerted when the heart contracts. The bottom number, called 

the diastolic pressure, shows the minimum pressure against the arteries when the heart 

rests between beats. The blood pressure depends on volume of blood in our body. 

Depending on the body size, and change of vascular resistance the load on the heart 

varies in order to pump the blood for circulation. The blood pressure therefore depends 

on 1) Blood volume 2) vessel resistance (artery, vein) or elasticity of vessel or dilation 

and contractibility of vessel. and 3) Cardiac output. 
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Blood pressure varies in healthy people and animals, but its variation is under control 

by the nervous and endocrine systems. Blood pressure that is pathologically low is 

called hypotension, and that which is pathologically high is hypertension. Both have 

many causes and can range from mild to severe. 

Classification of blood pressure for adults 

Category Systolic (mmHg) Diastolic (mmHg) 

Hypertension < 90 <60 

Desired/ Normal 90-119 60-79 

Pre-hypertension 120-139 80-89 

Stage 1: Hypertension 140-159 90-99 

Stage 2: Hypertension 160-179 100-109 

Hypertension levels ≥ 180 ≥ 110 

 

2.7.2 Regulation of blood pressure: The endogenous regulation of arterial pressure is 

not completely understood, but the following mechanisms of regulating arterial 

pressure have been well-characterized, 

1. Baroreceptor reflex: Baroreceptors in the high pressure receptor zones detect 

changes in arterial pressure. These baroreceptors send signals ultimately to the medulla 

of the brain stem, specifically to the Rostral ventrolateral medulla. The medulla, by way 

of the autonomic nervous system, adjusts the mean arterial pressure by altering both 

the force and speed of the heart's contractions, as well as the total peripheral resistance. 

The most important arterial baroreceptors are located in the left and right carotid 

sinuses and in the aortic arch. 

2. Renin-angiotensin system (RAS): This system is generally known for its long-term 

adjustment of arterial pressure. This system allows the kidney to compensate for loss 

in blood volume or drops in arterial pressure by activating an 

endogenous vasoconstrictor known as angiotensin II.  

3. Aldosterone release: This steroid hormone is released from the adrenal cortex in 

response to angiotensin II or high serum potassium levels. Aldosterone 

stimulates sodium retention and potassium excretion by the kidneys. Since sodium is 

the main ion that determines the amount of fluid in the blood vessels by osmosis, 

aldosterone will increase fluid retention, and indirectly, arterial pressure. 
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4. Baroreceptors in low pressure receptor zones (mainly in the venae cavae and 

the pulmonary veins, and in the atria) result in feedback by regulating the secretion of 

antidiuretic hormone (ADH/Vasopressin), renin and aldosterone. The resultant increase 

in blood volume results in an increased cardiac output  in turn increasing arterial blood 

pressure. 

These different mechanisms are not necessarily independent of each other, as indicated 

by the link between the RAS and aldosterone release. Currently, the RAS is targeted 

pharmacologically by ACE inhibitors and angiotensin II receptor antagonists. The 

aldosterone system is directly targeted by spironolactone an aldosterone antagonist. 

The fluid retention may be targeted by diuretics; the antihypertensive effect of diuretics 

is due to its effect on blood volume. Generally, the baroreceptor reflex is not targeted 

in hypertension because if blocked, individuals may suffer from orthostatic 

hypotension and fainting. 

2.7.3 Blood coagulation/ Blood clotting: When blood is shed, it loses its fluidity 

within few minutes and sets into a semisolid jelly called clot. This phenomenon of 

formation of clot is called as coagulation or clotting of blood. The clot gradually retracts 

and a fluid separates out, called serum. Blood coagulation is a property of plasma, RBC, 

WBC, do not directly take part in clotting process but get caught up in the meshes of the 

clot. Blood platelets play important role in coagulation.  

2.7.4 Significance of blood coagulation: The phenomenon of coagulation is of 

enormous physiological importance as it prevents further haemorrhage. When bleeding 

occurs, the shed blood coagulates and the bleeding vessel is plugged off by the clot. The 

retraction of clot, compresses the ruptured vessel further and bleeding stops.  

Mechanism of blood coagulation: Coagulation of blood is a complicated process in 

which about 13 coagulation factors are involved. All these factors are blood proteins or 

their derivatives. Even if one of the factors is defective, the whole clotting process is 

impaired leading to haemorrhage. These factors are from F-I to F-XIII. Clotting 

mechanism begins by Trauma to tissues or trauma to blood. In each case it leads to 

formation of prothrombin activator which causes conversion of prothrombin in to 

thrombin. There are two pathways of formation of prothrombin activator:  

i) Extrinsic Pathway: It begins with trauma to vascular wall or to the tissues outside 

the blood vessel. 
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ii) Intrinsic pathway: It begins with trauma to blood itself. 

In both pathways, different blood clotting factors play important roles. Davie and 

Ratnoff (1965) have proposed a waterfall sequence hypothesis to explain the events 

taking place in coagulation process. Whereas Macfarlane has suggested a scheme of 

coagulation called enzyme cascade which is similar to waterfall sequence. Blood clotting 

factors exist in inactive form and are activated sequentially until finally prothrombin 

activator is formed.  

Extrinsic pathway: Mechanism of Extrinsic pathway for formation of prothrombin 

activator includes number of steps. 

1) It begins with trauma to blood vessel or tissues outside the blood vessel. It releases 

tissue factor and Tissue phospholipids and clotting process starts.  

2) The tissue factor complexes with blood clotting factor VII and activates it. 

3) Activated factor VII in presence of Ca2+ and tissue 

phospholipids acts on factor –X and activates it.  

4) Activated factor X acts on Factor V and activates it.  

5) Activated F-X complexes with tissue 

phospholipids, Factor-V, Ca2+ and forms a complex 

called prothrombin activator.   

6) Prothrombin activator converts prothrombin in to 

thrombin under influence of Ca2+  

7) Thrombin acts on fibrinogen and converts it in to fibrin monomers  

8) Fibrin monomers polymerize with other fibrin monomers and form long fibrin 

threads that form reticulum of the clot.  

9) At first clot is weak but later on with the help of active fibrin stabilizing factor (F- X 

III) clot becomes strong.  

10) WBCs and RBCs get trapped into reticulum of the clot  

 11) Clots adhere to the damaged surface of the blood vessel and thereby prevent the 

blood loss.  

 12) Clot retraction following clot formation, the volume of the clot decreases, this is 

called as clot retraction platelets are necessary for clot retraction, contain contractile 

protein Thrombosthenin, which contracts and reduces the volume of the clot. Following 

this a clear fluid is separated out called as serum. 
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Intrinsic pathway: Intrinsic Mechanism begins with injury to blood itself and continues 

through following steps (F-III, F-XII-F-XI-F-IX-FVIII-F-X-F-V)  

1) Trauma to blood alters two important clotting factors in the blood Factor XII and 

Platelet Phospholipids i.e. F- III  

2) When F-XII comes in contact with collagen outside the blood vessel, it gets activated 

and acts as an enzyme for activation of F-XI  

 3) Damaged platelets adhere to the wet surface of blood vessel and release platelet 

phospholipids i.e. F- III.  

 4) Activated factor XII acts enzymatically on F-XI i.e. Plasma Thromboplastin 

Antecedent (PTA –Factor) and activates it.  

 5) Activated factor XI acts enzymatically on F- IX i.e. 

Christmas factor and activates it (Ca2+ are 

nessessory)  

6) Factor IX activates F-VIII (Anti Haemophilic 

Factor)  

7) Activated F-IX, F-VIII and platelet 

phospholipids,activate factor-X.  

8) Activated Factor X acts enzymatically on Factor V (Proaccelarin) and activates it, 

(Ca2+ are nessessory).  

9) Activated F-V, activated X, Platelet phospholipids and ca++ form a complex called 

prothrombin activator Prothrombin activator converts prothrombin in to thrombin 

under influence of Ca2+ 

 10) Thrombin acts on fibrinogen and converts it in to fibrin monomers  

11) Fibrin monomers polymerize with other fibrin monomers and form long fibrin 

threads that form reticulum of the clot.  

12) At first clot is weak but later on with the help of active fibrin  

 12) At first clot is weak but later on with the help of active fibrin stabilizing factor ( F- X 

III) clot becomes strong. 

13) WBCs and RBCs get trapped in to reticulum of the clot  

14) Clots adhere to the damaged surface of the blood vessel and thereby prevent the 

blood loss.  

 

Failure of clotting mechanisms: Blood fails to clot due to following defects:-  
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1) Lack of Fibrinogen i.e. Factor–I: Blood fails to clot due to absence of protein 

Fibrinogen. In a rare congenital disease fibrinogen is lacking in the blood causing 

fibrinogenopenia. Such condition also occurs in abnormal pregnancy.  

2) Diminution of Prothrombin or Factor-II:  Prothrombin is produced in liver so in liver 

diseases like cirrhosis of liver, cancer of liver etc. There is diminution of synthesis of 

prothrombin in the liver. Vitamin K helps in formation of prothrombin in liver. And it is 

absorbed from small intestine in presence of bile salts. In liver diseases like obstructive 

jaundice, liver cirrhosis etc. secretion of bile salts is affected and in absence of bile salts 

Vitamin K is not absorbed. Due to this synthesis of prothrombin and proaccelarin i.e. 

Factor V is decreased and clotting is affected.  

3) Due to lack of antihaemophilic Factor i.e. Factor VIII (Haemophilia A) in blood, 

person suffers from disease haemophilia in which blood fails to clot. Haemophilia is a 

hereditary disease which occurs in males but is transmitted through females. In this 

disease clotting time is abnormally prolonged. Patient shows tendency to bleed. 

Haemophilic person dies very early in life due to repeated hemorrhage.  

4) Due to diminuation of Factor V, VII, IX (Haemophilia B) XI (Haemophilia C) in blood 

person shows pseudohaemophilia and develops a tendency to bleed.  

5) Thrombocytopenia means presence of very low quantities of platelets in the 

circulatory system. Blood fails to coagulate. Bleeding occurs from small capillaries 

therefore there is haemorrhage all over the body. Person displays thrombocytic 

purpura. Platelets are important in repairing minute capillaries. They aggregate and 

plug small bleeding vessels. Normal count of platelets 200000 to 400000 Cm3 when 

count falls below 50000 Cm3 blood coagulation is affected.  

6) Vitamin K deficiency: Vitamin K is necessary for some intermediate stages in 

formation of clotting factor. It is continuously synthesized in the gastrointestinal tract 

by bacteria and absorbed in blood along with fat. Vitamin K defficiency occurs due to 

poor absorption of fat by gastrointestinal tract. In liver diseases bile production is 

decreased hence fat digestion is affected which in turn affects absorption of vitamin K.  

 

2.7.5 Digestion of clot or Fibrinolysis: Fibrinolyis (the dissolution of fibrin) also 

occurs, through the action of plasmin, which degrades fibrin and fibrinogen into fibrin-

degradation products. Plasmin is present in plasma as an inactive precursor, 

plasminogen. Its conversion to plasmin is brought about primarily by tissue-type 
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plasminogen activator (t-PA), a protein 

released from endothelium, in addition to 

limited conversion by factor XIIa and 

kallikrein. Bradykinin is a powerful stimulator 

of t-PA release, whereas the activity of t-PA is 

inhibited in plasma due to the presence of 

plasminogen activator inhibitor-1 (PAI-1). 

However, this inhibitor is itself inhibited by 

activated protein C. Thus activated protein C 

stimulates fibrinolysis. The action of plasmin 

is limited to the site of the clot since any plasmin free in plasma is inactivated by the 

enzyme α2-antiplasmin found in blood.  

 

2.8 ANTICOAGULANTS: Substances which prevent coagulation of blood are called as 

anticoagulants. Richard Lewshan discovered anticoagulants in 1914, discovered that, 

Blood remains in fluid state when mixed with citrate solution. This lead to opening of 

blood banks during 1st world war. There are four types of substances which prevent 

coagulation of blood. These are:  

1. Natural anticoagulants  

2. Anticoagulants used in blood banks (A.C.D. and C.P.D.)  

3. Anticoagulants used in laboratory  

4. Therapeutic anticoagulants. 

1. Natural Anticoagulants: These are present within the body hence the name natural 

anticoagulants. They keep the blood in fluid state in the vessels. Physical characteristic 

of endothelium of blood vessel and Smoothness of the vascular Endothelium prevents 

contact activation of the intrinsic clotting mechanism. As soon as endothelium of blood 

vessel is damaged, the clotting mechanism is initiated.  

Monomolecular layer of negatively charged proteins absorbed on the inner surface of 

the endothelium repels the clotting factors and blood platelets and prevent clotting. As 

soon as the endothelium of the blood vessel is damaged, its smoothness and negative 

charge are lost and intrinsic pathway is activated.  
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Antithrombin III: This is normally present in the blood. Antithrombin III inhibits the 

activation of IX, X, XI, XII factors. Antithrombin III action is facilitated by heparin. Its 

deficiency leads to venous thrombosis.  

Heparin: To maintain blood in a fluid state in blood vessels, blood contains an 

anticoagulant called as heparin. It is a powerful anticoagulant but has short duration of 

activity. It is secreted by the basophil or mast cells. These cells contain granules which 

are supposed to be the precursor of heparin Heparin helps to maintain the normal 

fluidity of the blood. It inhibits transformation of prothrombin in to thrombin.  

Protein ‘C’: Thrombin in combination with thrombomodulin (protein present in 

plasma) activates protein C which inhibit activated factor VIII and V.  

 α-2 macroglobulin: is a large globulin molecule. This also has anticoagulant property. It 

acts as binding agent for coagulation factors until they are destroyed.  

Fibrin threads: 85 to 90% thrombin formed from prothrombin is absorbed on fibrin 

threads and thus they prevent spreading thrombin into remaining blood and prevent 

excessive spread of blood clot.  

Antithrombin heparin co-factor: also acts as anticoagulant. Thrombin which does not 

get absorbed on fibrin threads combines with co-factor and get inactivated.  

Fibrinolytic System: exists in body which brings about clot lysis. Small clots are 

immediately lysed by this system. Plasminogen co precipitates with fibrin as plasmin. 

When activated the plasmin in clots digest the fibrin into soluble fragments dissolving 

the clots.  

2. Anticoagulants used in Blood banks:  

a) Acid citrate Dextrose (ACD): It forms a complex with Ca2+ and decreases its level.  

b) Citrate Phosphate Dextrose (CPD): Mechanism is similar to ACD. CPD is better than 

ACD as the O2 transport function is better preserved by CPD.  

c) CPD is added to collected blood to store the blood up to 14 days. It binds with plasma 

Ca ions.  

3. Anticoagulants used in Laboratory:  

In laboratory Citrate or oxalate of Na (3.8%) or potassium (3%), 0.3% Sodium Fluride, 

EDTA are used as Anticoagulants for various investigations like ESR, Blood urea etc. By 

adding various salt solutions like 1/4th of the blood volume of magnesium sulfate or 

equal volume of half saturated Sodium sulfate solution, clotting is prevented.  

4. Therapeutic anticoagulants:  
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These substances are used to prevent thrombus formation in vivo.  

a)  Heparin: given intravenously  

b) Dicoumarol: It is a synthetic product. Patients with hyper coagulity are given this 

anticoagulant for preventing the formation of thrombus. It prevents synthesis of clotting 

factors mainly prothrombin as it is antagonistic to Vitamin K  

c) Thrombin is sprayed on the bleeding surfaces along with fibrinogen to arrest the 

bleeding.  

d) Foam of fibrin can be spread on the bleeding surface.  

e) Sodium alginate when comes in contact with blood it is converted in to calcium 

alginate which clots and forms tenacious layer thus prevent bleeding.  

f) Cellulose gauze made up of oxidized cellulose swells when socked with blood and 

prevents further bleeding.  

Some other substances of biological origin which also serve as anticoagulants are, 

Protamine a simple protein found in fish. Peptones when injected into veins stop 

coagulation. Extract of cray fish and mussels (Sea clam) increase the secretion of 

heparin by mast cells hence prevents coagulation of blood. Hirudin is a naturally 

occurring peptide in the salivary glands of leeches that have a blood anticoagulant 

property. Venom of certain snakes inhibits activation of prothrombin and thrombin 

fibrinogen reaction. Azodyes, synthetic products like Chicago blue, trypan red, trypan 

blue can also act as anticoagulants.  

 

2.9 CEREBROSPINAL FLUID (CSF): It is formed by the 

choroid plexus and secreted into the lateral ventricle from 

where it enters the third and fourth ventricles and is finally 

absorbed through the subarachnoid space. Its volume is about 

5 ml in the new born and reaches 100 to 150 ml in the adult.  

Under normal conditions, secretion of CSF is slow and may not 

exceed 100-150 ml a day. If a lumbar puncture is performed with the subject in the 

reclining (horizontal) position, the fluid exerts the same pressure as on cisternal 

puncture and is about 110-130mm water (Ringer saline) or 7-10mm mercury. 

Composition of the jugular vein causes a rise in the CSF pressure. 

The main function of CSF is to provide a protective water jacket around the brain and 

spinal cord, and to enable alteration in the volume of these viscera without causing their 
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compression in the rigid bony encasement. Other functions like nutrition and excretion 

are only incidental. 

Composition of CSF: It can be considered to be an ultrafiltrate of the plasma. Protein is 

present only in trace amounts. Lipids and bilirubin are absent. Glucose, urea and other 

organic constituents have about the same concentration as in plasma; pH is also same as 

in plasma. The calcium concentration is that of the diffusible portion in plasma (2.3-2.8 

m.eq/litre). The concentration of sodium and chloride are determined by the Donnan 

membrane equilibrium phenomenon and are somewhat higher than in plasma. The 

magnesium level is nearly double that in plasma; potassium an inorganic phosphate, a 

little more than one half. The concentration of the more important constituents of CSF 

are presented and compared with those of serum in the table below.  

 

The final composition of the CSF is dependent on two factors- 

1) Secretion of an ultrafiltrate by the choroid plexus and 2) Addition and removal of 

constituents by meninges and nervous tissue. The prolonged contact with the meninges 

and the nervous tissues results in profound alterations in the secretion. Glucose, amino 

acids, phosphate and potassium are all taken up and magnesium is added. 

Absorption of CSF into the bloodstream takes place in the superior sagittal sinus 

through structures called arachnoid villi. When the CSF pressure is greater than the 

venous pressure, CSF will flow into the bloodstream. However, the arachnoid villi act as 

one-way valves: if the CSF pressure is less than the venous pressure, the arachnoid villi 

will not let blood pass into the ventricular system. 
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Functions of the CSF include: 

Protection: The CSF protects the brain from damage by "buffering" the brain. In other 

words, the CSF acts to cushion a blow to the head and lessen the impact. 

Buoyancy: Because the brain is immersed in fluid, the net weight of the brain is 

reduced from about 1400gm to about 50gm. Therefore, pressure at the base of the brain 

is reduced. 

Excretion of waste products: The one-way flow from the CSF to the blood takes 

potentially harmful metabolites, drugs and other substances away from the brain. 

Endocrine medium for the brain: The CSF serves to transport hormones to other 

areas of the brain. Hormones released into the CSF can be carried to remote sites of the 

brain where they may act.  

 

2.10 LYMPH: Arterial blood carries oxygen, nutrients, and hormones for the cells. To 

reach these cells it leaves the small arteries and flows into the tissues. This fluid is now 

known as interstitial fluid and it 

delivers its nourishing products to 

the cells. Then it leaves the cell and 

removes waste products. 

After this task is complete, 90% of 

this fluid returns to the circulatory 

system as venous blood. The 

remaining 10% of the fluid that stays 

behind in the tissues as a clear to 

yellowish fluid is known as lymph. 

The interstitial fluid is collected by 

lymph capillaries which empty ultimately into the thoracic duct and right lymphatic 

duct which join the left and right subclavian veins and thus enter the systemic 

circulation. The daily lymph flow appears to be 1 to 2 litres in the human adult. 

Diffusible non-electrolytes like urea and glucose have the same concentration as in 

plasma. Diffusible non-electrolytes like K+, Na+, Cl- and HCO3- tend to be somewhat 

higher than in plasma. This is on account of the lower protein content of lymph which 

creates Donnan effect. The protein content of lymph varies with the location from which 

lymph is collected. It is highest in lymphatics of liver (about 6.0 gm%) and lowest in 
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subcutaneous lymphatics (0.25gm%). It averages about 3% in thoracic duct. The 

albumin/globulin ratio is much higher than in plasma. The lymph is protein-rich due to 

the undigested proteins that were removed from the cells.  

Unlike blood, which flows throughout the body in a continue loop, lymph flows in only 

one direction within its own system. This flow is only upward toward the neck. Here, it 

flows into the venous blood stream through the subclavien veins which are located on 

either sides of the neck near the collarbones. 

Main functions of lymphatic system:  

 The lymphatic system aids the immune system in removing and destroying waste, 

debris, dead blood cells, pathogens, toxins, and cancer cells. 

 The lymphatic system absorbs fats and fat-soluble vitamins from the digestive 

system and delivers these nutrients to the cells of the body where they are used by 

the cells. 

 The lymphatic system also removes excess fluid, and waste products from the 

interstitial spaces between the cells. 

2.10.1 Lymphatic circulation: The lymph is moved through the body in its own vessels 

making a one-way journey from the interstitial spaces to the subclavian veins at the 

base of the neck. 

 Since the lymphatic system does not have a heart to pump it, its upward movement 

depends on the motions of the muscle and joint pumps. 

 As it moves upward toward the neck the lymph passes through lymph nodes 

which filter it to remove debris and pathogens.  

 The cleansed lymph continues to travel in only one direction, which is upward toward 

the neck. 

 At the base of the neck, the cleansed lymph flows into the subclavian veins on either 

side of the neck.  

2.10.2 Lymphatic capillaries: In order to leave the tissues, the lymph must enter the 

lymphatic system through specialized lymphatic capillaries. Approximately 70% of 

these are superficial capillaries located near, or just under, the skin. The remaining 30%, 

which are known as deep lymphatic capillaries, surround most of the body’s organs. 

Lymphatic capillaries begin as blind-ended tubes that are only a single cell in thickness. 

These cells are arranged in a slightly overlapping pattern, much like the shingles on a 
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roof. Each of these individual cells is fastened to nearby tissues by an anchoring 

filament. 

2.10.3 Lymphatic vessels: The lymphatic capillaries gradually join together to form a 

mesh-like network of tubes that are located deeper in the body. 

 As they become larger, and deeper, these structures become lymphatic vessels. 

 Deeper within the body the lymphatic vessels become progressively larger and are 

located near major blood veins. 

 Like veins, the lymphatic vessels, which are known as lymphangions, have one-way 

valves to prevent any backward flow. 

 Smooth muscles in the walls of the lymphatic vessels cause the angions to contract 

sequentially to aid the flow of lymph upward toward the thoracic region. Because of 

their shape, these vessels are previously referred to as a string of pearls. 

2.10.4 Lymph node: There are between 600-700 lymph nodes present in the average 

human body. It is the role of these nodes to 

filter the lymph before it can be returned to 

the circulatory system. Although these nodes 

can increase or decrease in size throughout 

life, any nodes that has been damaged or 

destroyed does not regenerate. 

 Afferent lymphatic vessels carry unfiltered 

lymph into the node. Here waste products, 

and some of the fluid, are filtered out.  

 In another section of the node, lymphocytes, which are specialized white blood cells, 

kill any pathogens that may be present. This causes the swelling commonly known as 

swollen glands. 

 Lymph nodes also trap and destroy cancer cells to slow the spread of the cancer until 

they are overwhelmed by it. 

 Efferent lymphatic vessels carry the filtered lymph out of the 

node so that it can continue its return to the circulatory system. 

2.10.5 Drainage areas: Lymphatic system drainage is organized 

into two separate and very unequal drainage areas. The right 

drainage area clears the right arm and chest. The left drainage 

area clears all of the other areas of the body including both legs, 
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the lower trunk upper left of the chest, and the left arm.  

 

2.11 SUMMARY:  

 Blood, which consists of cells and cell fragments suspended in an intercellular matrix, 

is one of the connective tissues in the body. 

 Formed elements are the cellular components of the blood, and the liquid part is 

plasma. The plasma is the river in which the blood cells travel. It carries not only the 

blood cells but also nutrients (sugars, amino acids, fats, salts, minerals, etc.), waste 

products (CO2, lactic acid, urea, etc.), antibodies, 

clotting proteins (called clotting factors), chemical 

messengers such as hormones, and proteins that 

help maintain the body's fluid balance.  

 Blood is the primary transport medium that is 

responsible for continuously supplying nutrients 

and oxygen to the active cells in the body. 

 The three activities of the blood are 

transportation, regulation, and protection. 

 Erythrocytes are tiny biconcave disks, and their 

primary function is to transport oxygen and, to a 

lesser extent, carbon dioxide. 

 In the tissue spaces leukocytes provide a defense against organisms that cause 

disease and either promote or inhibit inflammatory responses. 

 Two main groups of leukocytes in the blood are granulocytes and agranulocytes; the 

cells that develop granules in the cytoplasm are called granulocytes, and those that 

do not have granules are called agranulocytes. 

 Thrombocytes/ platelets become sticky and clump together to form platelet plugs 

that close breaks and tears in blood vessels. Platelets are fragments of a much larger 

cell, the megakaryocyte that stays in the bone marrow after it differentiates and 

matures from the stem cell. The platelets leave the bone marrow and circulate 

throughout the body. When stimulated by substances from damaged tissue, the 

platelets release substances necessary to help blood clot. This helps initiate the 

clotting sequence and protect the integrity of the vasculature. 
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 CSF is produced by choroid plexuses of the lateral, third and forth ventricles. It is a 

clear, colorless liquid, whose total volume is maintained at 80 ~ 150 mL. CSF, 

supports and cushions the CNS against trauma ("protective buffer"). Provides 

buoyancy; reduces momentum and acceleration. Removes waste products of 

metabolism and drugs/toxins ("blood/CSF barrier"). Integrates brain endocrine 

function i.e. hypothalamic releasing factors are secreted directly into the CSF and 

controls microenvironment of neurons and glial cells. 

 Lymph is a clear to yellowish watery fluid that is found throughout the body. It 

circulates through body tissues picking up fats, bacteria, and other unwanted 

materials, and filtering them out through the lymphatic system. It is sometimes 

possible to see this fluid; cuts sometimes weep it rather than blood, for example. Its 

circulation through the body is an important part of immune system health. 

 This fluid contains white blood cells, known as lymphocytes, along with a small 

concentration of red blood cells and proteins. It circulates freely through the body, 

bathing cells in needed nutrients and oxygen while it collects harmful materials for 

disposal. We can think of it as the milkman of the body, dropping off fresh supplies 

and picking up discarded containers for processing elsewhere. 

 As lymph circulates, it is pulled into the lymphatic system, an extensive network of 

vessels and capillaries that is linked to lymph nodes, small nodules that act as filters 

to trap unwanted substances. The nodes also produce more white blood cells, 

refreshing the fluid before it is pumped back into the body. The fluid may not be as 

showy as blood, but it is related to an equally complex and ornate system of vessels. 

 Lymph also explains why things like intramuscular shots at the doctor's office work. 

When a medical professional injects a substance into muscle tissue, it is picked up by 

the fluid and then slowly filtered into the bloodstream. When people wear tight 

clothing or their circulation is otherwise impeded, fluids can build up in the tissue, 

causing oedema, a condition that can be both painful and dangerous. Edema happens 

when lymph cannot circulate to pull these fluids out. 

 

2.12 KEY WORDS: Blood Composition, Erythrocytes, White Blood Cells (WBC), 

Platelets, Blood Volume, Blood Pressure, Hemostasis, Blood Clotting, Anticoagulants, 

Cerebro Spinal Fluid, Lymph.  
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2.13 QUESTIONS FOR SELF STUDY:  

1. Write in detail about the composition of blood 

2. Write a note on the following : 

a) RBC    b) WBC    c) Platelets d) Plasma 

3. Describe buffering actions of blood 

4. What is blood pressure? How is blood pressure regulated? 

5. Write in detail about a) Hemostasis b) Blood coagulation c) Intrinsic pathway d) 

Extrinsic pathway. 

6. What are anticoagulants?  

7. Explain the types of anticoagulants and their applications  

8. What is CSF? Briefly explain its composition. 

9. With the help of a diagram explain lymph and its functions. 
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3.0 OBJECTIVES: After studying this unit thoroughly, you should be able to: 

 Identify various parts of human nervous system. 

 Describe different function of human brain and spinal cord. 

 List out the parts of a neuron and its types. 

 Understand how a nerve impulse is transmitted. 

 

3.1 INTRODUCTION: We have studied about various organ systems of the human body 

in Unit 1 of this Block. We will study in detail about the nervous system in the present 

unit. The nervous system has three main functions: sensory input, integration of data 

and motor output. Sensory input is when the body gathers information or data, by way 

of neurons, glia and synapses. The nervous system is composed of excitable nerve cells 

(neurons) and synapses that form between the neurons and connect them to centres 

throughout the body or to other neurons. These neurons operate on excitation or 

inhibition. Although nerve cells can vary in size and location, their communication with 

one another determines their function. These nerves conduct impulses from sensory 

receptors to the brain and spinal cord. The data is then processed by way of integration 

of data, which occurs only in the brain. After the brain has processed the information, 

impulses are then conducted from the brain and spinal cord to muscles and glands, 

which are called motor output. Glia cells are found within tissues and are not excitable 

but help with myelination, ionic regulation and extracellular fluid. 

 

3.2 THE CENTRAL NERVOUS SYSTEM: The CNS 

consists of the brain and spinal cord, the CNS lies in 

the mid-line of the body and is the place where 

sensory information is received and motor control is 

initiated. Protected by bone (skull & vertebrae).  They 

are also wrapped up in three protective membranes 

called meninges. Spaces between meninges are filled with cerebrospinal fluid for 

cushioning and protection. This fluid also found within central canal of the spinal cord 

and ventricle of brain. 
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SPINAL CORD: The nervous system’s “superhighway” contains central canal filled with 

cerebrospinal fluid. The gray matter (inner layer) containing cell bodies of neurons and 

short fibers. Looks kind of like a butterfly with open wings. In grey matter, dorsal cell 

bodies function primarily in receiving sensory information, and ventral cell bodies send 

along primarily motor information. White matter (outer layer) containing long fibers of 

interneuron’s that run together in bundles called tracts that connect the cord to the 

brain. Within white matter, ascending tracts take information to the brain; descending 

tracts in the ventral part carry information down from the brain.  

 

THE BRAIN: The brain itself contains parts which function in the coordination of 

movement, sensing, and consciousness (and all that entails), as well as areas that are 

below the level of conscious control. The brain has a volume, on average, or 1,370 cubic 

centimetres (with a normal range of 950 to 2,200 cm2). It weighs about 1.35 kg (or 3 

pounds), and consists of hundreds of billions of neurons and glial cells. You had the 

maximum number of neurons when you were born. Thousands are lost daily, never to 

be replaced and apparently not 

missed, until the cumulative loss 

builds up in very old age. The brain is 

vastly complex, and is certainly not 

thoroughly understood. There are 

many ways of looking at the brain 

functionally and structurally. The 

simplest first way of looking at it is 

dividing it up into parts that run “automatically” (the unconscious brain) and the parts 

in which our consciousness resides (the conscious brain). 

 

Medulla oblongata: Lies closest to spinal cord. Controls heart rate, breathing, blood 

pressure, reflex reactions like coughing, sneezing, vomiting, hiccoughing, and 

swallowing. Thalamus: Receives sensory information from all parts of the body and 

channels them to the cerebrum. It is the last portion of the brain for sensory input 

before the cerebrum. Serves as a central relay station for sensory impulses coming up 

spinal cord and other parts of brain to the cerebrum. Receives all sensory impulses 

(except for smell) and sends them to appropriate regions of the cortex for 
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interpretation. The thalamus has connections to various parts of the brain, and is part of 

the RAS (the reticular activating system), which sorts out incoming stimuli, passing on to 

the cerebrum only those that require immediate attention. i.e. it lets you ignore input 

(like your teacher talking) so you can do other things.  The RAS extends from the 

medulla oblongata to the thalamus. 

Cerebellum: Controls balance and complex muscular movement. It is the second largest 

portion of the brain. Butterfly-shaped. Functions in muscle coordination and makes sure 

skeletal muscles work together smoothly. Responsible for maintaining normal muscle 

tone, posture and balance. It receives sensory information from the inner ear (which 

senses balance). 

Hypothalamus: One of the most important sites for the regulation of homeostasis. It 

maintains internal environment, contains centres for hunger, sleep, thirst, body 

temperature, water balance, blood pressure etc. Controls pituitary gland (serves as a 

link between the nervous system and the endocrine systems). The hypothalamus plays 

a role in sexual response and mating behaviours, and the “fight-or-flight” response, and 

pleasure. Yes, there are pleasure centers in the hypothalamus (these have been 

stimulated experimentally with electrodes in studies using rats). 

Corpus callosum:  Horizontal connecting piece between the two hemispheres of the 

brain. Transmits information between the two cerebral hemispheres.  It has been noted 

that severing the corpus callosum can control severe epilepsy (which is thought to be 

caused by a disturbance of the normal communication between the RAS and the cortex), 

but also means the two halves of brain don't communicate with each other normally 

and will function separately. Each half has its own memories and “style” of thinking. 

Sometimes you’ll hear this discussed as “right brain” versus “left brain” thinking. The 

right hemisphere of the brain controls the left side of the body (except for smell), and 

vice versa. Thus, an image viewed with the right eye is actually “seen” with the left 

occipital lobe.  The left hand is controlled by the right frontal lobe, and so on. 

  

THE CEREBRUM: Largest, most prominent, most highly developed portion of the brain 

is also called the conscious brain since consciousness resides only in this part of the 

brain. The intellect, learning, memory, sensations are formed here. Outer layer is the 

cortex (gray in colour).  It is the largest and most complex part of the human brain, and 

the part that has changed the most during vertebrate evolution. The highly folded 
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human cortex has a surface area of about 0.5 m2. Divided into right and left cerebral 

hemispheres, each consisting of four 

lobes: frontal, parietal, temporal, and 

occipital lobes. The fifth lobe called the 

insula, that lies below the surface.  Its 

function is poorly understood.  The 

cerebral cortex has been “mapped” in 

some detail. All the lobes have association 

areas that receive information from other 

lobes and integrate it into higher, more 

complex levels of consciousness. Association areas are concerned with intellect, artistic, 

and creative abilities, learning, and memory. 

1. FRONTAL: Movement, higher intellectual processes (e.g. problem solving, 

concentration, planning, judging the consequences of behavior, moving your tongue and 

mouth to speak (left side only). 

2. PARIETAL:  Sensations, e.g. touch, temperature, pressure, pain. Understanding the 

speech, using words, communication skills etc. 

3. TEMPORAL: Hearing, smelling, interpretation of experiences, memory of visual 

scenes, music, and complex sensory patterns. 

4. OCCIPITAL: Vision, combining visual experiences with other sensory experiences. 

 

3.3 THE PERIPHERAL NERVOUS SYSTEM: Voluntary and involuntary control. The 

peripheral nervous system consists of nerves that 

contain only long dendrites and/or long axons. This is 

because neuron cell bodies are found only in the brain, 

spinal cord, and ganglia. Ganglia are collections of cell 

bodies within the PNS.  

There are 3 types of nerves: 

1. Sensory nerves: contain only long dendrites 

of sensory neurons. 

2. Motor nerves: contain only the long axons 

of motor neurons. 
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3. Mixed nerves: contain both the long dendrites of sensory neurons and the long axons 

of motor neurons. 

 Humans have 12 pairs of cranial nerves attached to the brain.  Some are sensory, some 

are motor, and others are mixed.  The cranial nerves are a part of the PNS. The cranial 

nerves serve the head, neck, and face regions except for the vagus nerve, which 

branches to serve internal organs. Humans have 31 pairs of Spinal Nerves. Spinal nerves 

are mixed nerves leaving the spinal cord by two short branches (called roots) which lie 

within the vertebral column. Of these, the dorsal root can be identified by the presence 

of an enlargement called the dorsal root ganglion, which contains the cell bodies of the 

sensory neurons whose dendrites conduct impulses toward the cord. The ventral root 

of each spinal nerve contains axons of motor neurons that conduct impulses away from 

the cord. The two roots join just before the spinal nerve leaves the vertebral column.  

SOMATIC NERVOUS SYSTEM: Includes all the nerves that serve the musculoskeletal 

system and the exterior sense organs (including skin).  Exterior sense organs are 

receptors (receive environmental stimuli and begin nerve impulses).  Muscle fibers are 

effectors that react to the stimulus. 

THE AUTONOMIC NERVOUS SYSTEM: Is part of the PNS - made of motor neurons that 

control the internal organs automatically (usually unconsciously). Autonomic nervous 

system is divided into sympathetic and parasympathetic nervous systems. These two 

systems connect to the same organs by have opposite effects. Each system functions 

unconsciously on internal organs and utilize two motor neurons and one ganglion for 

each nerve impulse. 

 

SYMPATHETIC NERVOUS SYSTEM: Is especially important during emergency 

situations and is associated with "fight or flight" reaction. For example, in an emergency, 

it causes the following: energy directed away from digestion, pupils dilate, heart rate 

increases, perspiration increases, salivation decreases, breathing rate increases, the 

neurotransmitter released by the postganglionic axon of the Sympathetic nervous 

system is noradrenalin (which is closely related to adrenalin; a known heart stimulant). 

Noradrenalin is released by postganglionic axon; heart rate accelerates. Fibres for this 

system arise from middle part (thoracic-lumbar) of the spinal cord. Pre-ganglionic fibre 

is short, postganglionic fibre (which contacts the organ) is long. 
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PARASYMPATHETIC NERVOUS SYSTEM: The parasympathetic system promotes all 

the internal responses associated with a relaxed state. For example: causes the pupils to 

contract, energy diverted for digestion of food, heart rate slows. Important 

neurotransmitter in this system is acetylcholine. Fibers for this system arise from upper 

and lower part of spinal cord (cranial and sacral nerves). Preganglionic fiber is long, 

postganglionic fiber is short because the ganglia lie near or within the organ. 

 

3.4 NEURONS: Nerve cells are called “Neurons”. All neurons have three parts: i) 

dendrite (s) conduct nerve impulses towards the cell body. ii) cell body and iii) axon 

(conducts nerve impulses away from the cell body). Dendrites and axons are sometimes 

called fibers. Most long fibers are covered by a myelin sheath.  The sheath has spaces in 

it exposing the axon called nodes of Ranvier. The sheath is secreted by Schwann cells, 

each of which has a nucleus. 

There are three types of neurons:  

1. Sensory neuron: (=afferent neuron) takes a message from a sense organ to CNS. Has 

long dendrite and short axon. 

2. Motor neuron: (=efferent neuron) takes message away from CNS to a muscle fiber or 

gland. Has short dendrites and long axon. 

3. Interneuron: (= association neuron or connector neuron): Completely contained 

within CNS. Conveys messages between parts of the system. Dendrites and axons may 

be long or short.  
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3.5 GENERATION AND TRANSMISSION OF NERVE IMPULSES: Scientists used giant 

axons in squids to figure out how nerve impulses are generated. Nerve conduction is an 

electrochemical change that moves in one direction along the length of a nerve fiber.  It 

is electrochemical because it involves changes in voltage as well as in the concentrations 

of certain ions. Since it is electric, we can use an oscilloscope (a type of voltmeter that 

shows a graph of voltage changes) to measure potential differences (voltages). There 

are three distinct phases in the generation of a nerve impulse along an axon: the resting 

phase and the action phase, followed by a recovery phase. 

 

RESTING POTENTIAL: The potential difference across the membrane of the axon when 

it is not conducting an impulse is equals -60 

mV. This negative polarity is caused by the 

presence of large organic negative ions in 

the axoplasm (the cytoplasm inside an 

axon). During the resting potential, Na+ ions 

are more concentrated on the outside of the 

membrane than the inside. K+ ions are more 

concentrated on the inside of the axon. This 

uneven distribution of K and Na ions is maintained by active transport across Na+/K+ 

pumps which operate whenever the neuron is not conducting an impulse.  

 

ACTION 

POTENTIAL: If 

nerve is stimulated 

by electric shock, pH 

change, mechanical 

stimulation, a nerve 

impulse is 

generated, and a 

change in potential 

can be seen on the 

oscilloscope. This nerve impulse is called the action potential. Readings on the 

oscilloscope, can be broken into an upswing and downswing. During the upswing (-60 
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mV to +40 mV), membrane becomes permeable to Na+ ions. Na moves from outside to 

inside of axon (i.e. "depolarization" occurs and the inside of the axon becomes positive). 

In the downswing (+40 mV to 60 mV), membrane becomes permeable to K+. K+ moves 

from outside to inside of axon. This is called repolarization (since the inside of axon 

becomes negative again). 

 

RECOVERY PHASE:  Between transmissions, K+ ions are returned to inside of axon, Na+ 

to the outside. The speed of nerve impulses is quite rapid. This is due to the structure of 

the nerves.  Specifically, the myelin sheath of most nerve fibers (this sheath is formed by 

tightly packed spirals of the cell membrane of Schwann cells) and the interruptions or 

gaps of the sheath called the nodes of Ranvier. This sheath gives nerves their 

characteristic white appearance. The speed of transmission is ~200 m/s in myelinated 

fibers, but only 0.5 m/s in non-myelinated fibers. The reason is that the nerve impulse 

"jumps" from node to node in myelinated fibers. In non-myelinated fiber, the nerve 

impulse must depolarize and repolarize each point along the nerve fiber. 

 

3.6 TRANSMISSION OF IMPULSES ACROSS SYNAPSES: What happens to a nerve 

impulse once it reaches the end of an axon? How does one nerve communicate with 

another?  The answer lies in the specialized 

regions at the ends of axons called synapses. 

Synapse is the region between end of an axon 

and the cell body or dendrite to which it is 

attached. The synaptic endings are swollen 

terminal knobs on the ends of axon terminal 

branches. The Presynaptic membrane and 

Postsynaptic membrane are the membrane of 

the axon synaptic ending and the membrane of 

the next neuron just beyond the axon's 

synaptic membrane respectively. The space 

between the presynaptic and the postsynaptic 

membranes synaptic cleft. Neurons contain 

neurotransmitter substances 
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(neurotransmitters); the chemicals that transmit the nerve impulses across a synaptic 

cleft. 

The Synaptic vesicles contain the neurotransmitters located near the surface of synaptic 

endings. Acetylcholine, Noradrenalin, Serotonin, Adrenalin (epinephrine) are some 

important neurotransmitters. Transmission across a synapse is one-way because only 

the ends of axons have synaptic vesicles that are able to release neurotransmitters to 

affect the potential of the next neurons. Stimulation or inhibition of postsynaptic 

membranes can occur. A neuron is on the receiving end of many synapses, some may be 

giving inhibitory and some may give stimulatory impulses. Whether or not the neuron 

they are attached to fibres depends on the summary effect of all the excitatory 

neurotransmitters received. If amount of excitatory neurotransmitters received is 

sufficient to overcome the amount of inhibitory neurotransmitters received, the neuron 

fires. If not, only local excitation occurs.  The total process allows neurons to fine-tune to 

the environment.  

Sequence of events: 

1. Nerve impulse travel along axon, reach a synaptic ending. 

2. Arrival of nerve impulse at synaptic ending changes membrane → Ca2+ flows into 

ending. 

3. Ca2+ ions cause contractile proteins to pull synaptic vesicles to inner surface of the 

presynaptic membrane.  

4. Vesicle fuses with presynaptic membrane, releasing neurotransmitters into synapse. 

5. Neurotransmitters diffuse across synaptic cleft to receptors on postsynaptic 

membrane. The receptors control selective ion channels; binding of a neurotransmitter 

to its specific receptors opens the ion channels. 

6. The resulting ion flux (not shown on diagram) changes the voltage of the postsynaptic 

membrane. This either moves the membrane voltage closer to the ‘threshold voltage’ 

required for an action potential (an excitatory synapse), or hyperpolarizes the 

membrane (an inhibitory synapse). In this case, the neurotransmitters binding to 

receptors on the dendrite causes the nerve impulse to be transmitted down the dendrite 

of the second neuron. The nerve impulse has now been transmitted from the first 

neuron to the second neuron. 

7. Neurotransmitters are quickly deactivated to prevent them from continually acting 

on postsynaptic membrane. This can occur by: a) neurotransmitter is degraded by 
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enzymes (e.g., acetylcholinesterase (= “cholinesterase”) breaks down acetycholine). b) 

Synaptic ending reabsorbs the neurotransmitter.  e.g. this is what happens to Serotonin. 

 

3.7 THE REFLEX ARC:  

• Reflexes are automatic, involuntary responses to changes occurring inside or outside 

the body.  Can involve the brain (e.g. blinking) or not involve brain (e.g. withdraw hand 

from hot stove). 

• The Reflex arc is the main 

functional unit of the nervous 

system.  It allows us to react 

to internal and external 

stimuli. 

Path of a simple Reflex Arc: 

1. Receptor (e.g. in skin) - 

generates a nerve impulse. 

2. Sensory Neuron: Takes 

message to CNS. Impulses move along dendrite, proceed to cell body (in dorsal root 

ganglia) and then go from cell body to axon in gray matter of cord. 

3. Interneuron - passes message to motor neuron. 

4. Motor neuron - takes message away from CNS to axon of spinal nerve. 

5. Effector - receives nerve impulses and reacts: glands secrete and muscles contract. 

 

3.8 SUMMARY:  

 The central nervous system (CNS) 

includes the brain and spinal cord. The 

brain and spinal cord are protected by 

bony structures, membranes, and fluid. 

The brain is held in the cranial cavity of 

the skull and it consists of the cerebrum, 

cerebellum, and the brain stem. The 

nerves involved are cranial nerves and 

spinal nerves. 

 The nervous system is our processing 
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system, and the system that keeps us in contact with the outside world. It tells us 

that we exist, and along with the muscles allows us to move and react to stimuli. Our 

consciousness resides in our nervous systems, as do our thoughts and emotions. 

 In short, the roles of the nervous system are: responsible for coordination of 

movement, response to environmental stimuli, intelligence, self-awareness, 

thought, and emotion. 

 Nervous system is composed of nerve cells called neurons, which are specialized 

to carry nerve impulses. 

  Nervous system has two major divisions: (the division is arbitrary; the two 

systems work together and are connected to one another). The two systems are:  

1. Central Nervous System: (CNS) - includes spinal cord and brain and is the 

"center" of the body. 

 2. Peripheral Nervous System: (PNS) - the rest of the nervous system: PNS is 

further divided into the Somatic Nervous System (connects to skeletal muscle) 

and Autonomic Nervous System (connects to smooth (involuntary) 

muscles).  

 The Autonomic Nervous System is further divided into the Sympathetic Nervous 

System (usually causes effects associated with emergency situations) and the 

Parasympathetic Nervous System (promotes activities associated with a normal 

state). 

 

Axons Dendrites 

Take information away from the cell body 

Smooth Surface 

Generally only one axon per cell 

No ribosomes 

Can have myelin 

Branch further from the cell body 

Bring information to the cell body 

Rough Surface (dendritic spines) 

Usually many dendrites per cell 

Have ribosomes 

No myelin insulation 

Branch near the cell body 
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3.9 KEY WORDS: Nervous system, Neurons, Brain, Spinal cord, Transmission of 

impulses, Axon, Dendrites, Synapse, Acetyl choline, Reflex arc. 

3.10 QUESTIONS FOR SELF STUDY:  

1. What are the major divisions of nervous system? 

2. Depict the parts of a human brain 

3. Write about the functions of cerebellum 

4. Explain the roles of spinal cord 

5. What are the types of neurons? 

6. What is reflex arc? 

7. Explain transmission of impulse through the synapse. 

3.11 FURTHER REFERENCES:  

1. Text book of biochemistry-White, Handler and Smith. 

2. Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

3. Text book of Physiology- Chatterjee 

4. Hand book of Human Physiology – Vidya Ratan, Jaypee brothers. 

5. A text book of biochemistry- A.V.S.S. Rama Rao- UBS Publishers. 

  Sensory neuron Interneuron Motor Neuron 

Length of 

Fibers 

Long dendrites and 

short axon 

Short dendrites 

and short or long 

anxon 

Short dendrites and 

long axons 

Location 

Cell body and dendrite 

are outside of the 

spinal cord; the cell 

body is located in a 

dorsal root ganglion 

Entirely within 

the spinal cord or 

CNS 

Dendrites and the cell 

body are located in 

the spinal cord; the 

axon is outside of the 

spinal cord 

Function 
Conduct impulse to the 

spinal cord 

Interconnect the 

sensory neuron 

with appropriate 

motor neuron 

Conduct impulse to 

an effector (muscle or 

gland) 
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4.0 OBJECTIVES: 

 To understand the excretory systems of human body 

 To study the structure of kidney and ultra structure of nephron. 

 To understand the process of glomerular filtration and formation of urine. 

 To learn about the process of acid-base balance and its regulation by kidney.  

 

4.1 INTRODUCTION: The living cells of the body produce wastes during cell 

metabolism. If the wastes are not removed, they would build up in the cells, organs, and 

blood to such a degree that nutrients and oxygen wouldn’t be able to enter the cells to 

be used for energy. There are different systems of the body that work together to keep 

the body functioning properly. One of the most important systems is the excretory 

system which eliminates wastes from the body. Within each kidney are one million 

microscopic nephrons where filtering takes place. A cluster of capillaries called a 

glomerulus is surrounded by a cup-shaped sac called the Bowman’s capsule. Water, 

urea, glucose, and minerals in the blood move into the Bowman’s capsule. Reabsorption 

of some of this material and most of the water takes place while the blood continues to 

weave around the renal tubule. Wastes that are left after reabsorption collect as urine 

and are sent to the bladder. As perspiration is released to the surface of the skin, it 

evaporates, or changes from a liquid into a gas. To make this change, heat from the body 

is used up, and as a result, there is a loss of heat from the body, resulting in a cooling 

effect. The top layer of the skin is called the epidermis. Below this layer is the dermis. 

Urine is made up water, urea, and inorganic salts. The bladder collects the urine before 

it is eliminated from the body through the urethra. Homeostatsis is a term that refers to 

the balance of chemicals and elements within the body. The lungs are a part of the 

respiratory and excretory systems. The lungs collect the metabolic waste carbon 

dioxide and eliminate it from the body. The circulatory system gathers the carbon 

dioxide from living body cells and returns it to the alveoli of the lungs.  The carbon 

dioxide moves from the blood to the alveoli where it is then exhaled. Water vapor is also 

released during exhaling. The kidneys are about the size of a large bar of soap and are 

shaped like kidney beans.  They are located on either side of the spinal cord at about 

waist height. 
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4.2 THE HUMAN EXCRETORY SYSTEM:  Excretion is the process of removing the body 

waste in order to maintain homeostasis. The excretory system works to maintain 

proper water balance in the body and to also remove liquid waste (urine). Aside from 

the kidneys, other organs are also involved in excretion process. Structures involved in 

excretion include: 

a. Skin: Sweat is removed by the skin as a waste product (trying to remove heat) 

b. Lungs: Removes waste gases such as CO2. 

c. Liver: Removes Nitrogenous waste (Urea).  

Let us understand in brief about these accessory organs and their role in excretion 

before we move on to the major organ involved in human excretory system the kidneys.  

 

Lungs: The lungs are a part of the respiratory system and the excretory system. Air is 

breathed into the lungs and a gas exchange takes place inside the tiny air sacs of the 

lungs called alveoli.  Oxygen from 

the air moves through the thin 

walls of the alveoli and through the 

walls of the capillaries or 

microscopic blood vessels that 

surround the alveoli.  The oxygen is 

attracted to and held by the 

hemoglobin in the red blood cells.  

The oxygen rich blood will move 

back to the heart and receive a 

giant push to travel throughout the body.  The oxygen will then be released to living 

cells. The cells need oxygen to carry on respiration, which is the releasing of energy 

from food and oxygen within the individual cells.  The waste product carbon dioxide is 

produced during this process.  It is released to the red blood cells and then carried back 

to the lungs for elimination from the body.  The carbon dioxide travels from the red 

blood cells and moves into the alveoli.  From there it is exhaled from the body when a 

person breathes out.  Water vapor is also exhaled during this process. 

 

Liver: The liver, which is located just to the right of the stomach, is another organ that 

plays a major role in excretion. Food that has been digested in the small intestine travels 
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to the liver where some of it is stored and released back to the blood stream in a 

controlled fashion. Sugar in the blood is removed in the liver and stored as glycogen. 

When the sugar level in the blood goes 

down, the liver breaks down the glycogen 

and releases sugar back into the blood. If 

there is no room in the liver to store 

glycogen, the liver changes the sugar to fat 

and stores it in other parts of the body. 

Blood sugar level is important because 

sugar is the energy provider for all the cells 

of the body. If the liver’s supply of glycogen 

runs out, it converts these fats to sugars. 

Amino acids release nitrogen when they are 

changed into sugars, glycogen, or fats. This nitrogen is changed by the liver into urea 

which is carried to the kidneys by the blood stream. The urea will be eliminated from 

the body from the kidneys. The liver also removes from our bodies poisonous 

substances, such as mercury in fish, poisonous fumes from paint, and chemicals sprayed 

on food. The liver is our bodies’ main defense from poisons like those mentioned above. 

The liver also changes hemoglobin from dead red blood cells into bile, which is used in 

the small intestine to breakdown fats.  Bacteria from the large intestine are removed 

from the blood by the liver. 

 

Skin: The last member of the 

excretory team is the skin. The skin is 

the largest organ of the body. It covers 

an area of 1.5 to 2 square meters in an 

average adult. That represents a space 

about the size of a small area rug. The 

thickness of the skin varies from a .5 

millimeters on the eyelids to 6 

millimeters on the soles of the feet. There are two general layers of the skin. The outer 

layer is called the epidermis and is made up of layers of flat cells. The surface cells of 

this layer are dead. They are constantly rubbing off and being replaced by cells below 
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them. This outer layer of skin provides a waterproof shield against germs and bacteria. 

Under the epidermis is a layer called the dermis. The cells in this layer are all alive. This 

layer contains blood vessels, nerve endings, sweat and oil glands, hair follicles, and fat 

cells. The sweat glands have tubes that lead to the surface of the skin at points called 

sweat pores. Perspiration is released at these sweat pores. Water, urea, and inorganic 

salts are included in perspiration. Besides ridding the body of these wastes, perspiration 

also cools the body and helps maintain a proper body temperature. When you exercise, 

work hard, or if the temperature of your surroundings is high you sweat or perspire. 

The sweat evaporates when it reaches the surface of the skin. During evaporation, heat 

is required to change the liquid to a gas. This heat comes from the body.  Therefore, the 

body is cooled as the sweat evaporates.  

 

4.3 A. STRUCTURE OF THE KIDNEY:  Parts of the 

excretory system that are associated with kidneys are 

Ureters, Urinary bladder and Urethra. Kidney is a lima 

bean shaped structure found on both sides of the spinal 

column in the lower back. Part of the urinary system, 

our kidneys are vital organs that serve to remove waste 

from the bloodstream through ultrafiltration and the 

formation of urine, and to aid the body in maintaining 

proper hydration through a process called 

osmoregulation.  Situated to the back of the abdominal 

wall, the kidneys are snugged up underneath the 

diaphragm, behind the liver on one side and the 

stomach on the other, partially shielded in the back by 

the ‘floating’ ribs. The kidney has three distinct regions:  

1. Renal Cortex : The outer region of kidney that helps 

in blood filtration.   

2. Renal Medulla: This is the middle region of the kidney. Made up of collecting ducts. 

Collects filtrate (filtered materials from the blood) and carries it to the renal pelvis.  

3. Renal Pelvis : This is the inner section of the kidney. It is a cavity in the center of a 

kidney connected to the ureters. Filtrate (now called urine) drains from the pelvis into 

ureters for removal.  
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B. Ureters: Hollow tubes connecting the renal pelvis to the Urinary bladder. Carry urine 

from the kidney to the urinary bladder.  

C. Urinary bladder: Hollow muscular pouch located in the pelvic area of a human. Hold 

urine until it is released from the body. A typical bladder is able to hold up to about 500 

mL of urine. 

D. Urethra: Hollow tube leading from the urinary bladder to the outside of the human 

body. Carry urine from the bladder to the outside of the body.  

 

4.4 ULTRA STRUCTURE OF NEPHRON:     

• The basic functional unit of a kidney.  

• This is the structure responsible for filtering the blood and maintaining proper water  

balance.  

• There are about 1.25 million nephrons per kidney.  

• The kidney Nephron extends from the renal cortex (glomerulus/Bowman’s capsule)  

into the renal medulla (Loop of Henle).  

Structures called nephrons residing in the cortex and medulla produce urine from 

filtrate removed from the bloodstream, 

passing it to the bladder via a series of 

collecting tubules that continuously 

merge, ultimately reaching the renal 

pelvis and finally the ureter.  The 

question is,“Exactly how is urine 

produced?”  It can hardly pass into the 

bladder until it actually exists.  In order 

to understand that process, we have to 

take a deeper look into the structure of 

the kidney– specifically looking to the 

nephron and the renal vessels, since this 

is where waste products leave the blood 

and enter kidney tissue. There are about one million nephrons in a kidney, each feeding 

into a nest of collecting ducts.  A nephron is a rather intricate structure and it serves two 

basic purposes: to filter and remove waste products and maintain the body’s water 

supply.  At one end of the nephron, residing in the cortex, is an approximately 0.2mm 



Unit-4: Excretory system: Nephron, glomerular filtration, formation of urine. 
 

KSOU-BC-1.3; Block-1: Unit-4 Page 60 
 

diameter structure known as the Malpighian Corpuscle, and about 3.0cm away at the 

other end, a collecting duct. A complicated array of blood vessels intertwines this 

structure.   

Parts of nephron include; 

a. Renal Artery: Artery that carries blood to the kidney to be filtered.  

b. Renal Vein:  Vein that carries blood from the kidney after it has been filtered.  

c. Glomerulus: A tight ball of blood capillaries located in the bowman’s capsule of 

Nephron. Blood Pressure created here causes materials to be filtered from the blood.   

d. Bowman's Capsule: A cup-shaped structure that receives filtrate from the 

glomerulus.  

e. Proximal Tubule: Tube connected to the Bowman’s capsule. Filtrate enters the 

proximal tube from the Bowman’s capsule. Reabsorption of amino acids and glucose 

occurs here. 

f. Loop of Henle: Long U-shaped tube that extends into the renal medulla. Responsible 

for maintaining the salt balance by reabsorbing or releasing salt in the filtrate. 

g. Distal Tubule: Tube extending from the loop of henle. It also reabsorbs materials 

from the filtrate. Tubular secretion occurs here. Materials such as creatinine and drugs 

are added to the filtrate.  

H.  Collecting Tubule: Tube that extends from the distal tubule to the renal pelvis. This 

portion of the Nephron is mainly responsible for reabsorption of water. 

4.5 THE FORMATION OF URINE: 

Filtration, reabsorption and secretion. 

Every one of us depends on the process of urination for the removal of certain waste 

products in the body. The production of urine is vital to the health of the body. Most of 

us have probably never thought of urine as valuable, but we could not survive if we did 

not produce it and eliminate it. Urine is composed of water, certain electrolytes, and 

various waste products that are filtered out of the blood system. Remember, as the 

blood flows through the body, wastes resulting from the metabolism of foodstuffs in the 

body cells are deposited into the bloodstream, and this waste must be disposed of in 

some way. A major part of this "cleaning" of the blood takes place in the kidneys and, in 

particular, in the nephrons, where the blood is filtered to produce the urine. Both 

kidneys in the body carry out this essential blood cleansing function. Normally, about 

20% of the total blood pumped by the heart each minute will enter the kidneys to 
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undergo filtration. This is called the filtration fraction. The rest of the blood (about 

80%) does not go through the filtering portion of the kidney, but flows through the rest 

of the body to service the various nutritional, respiratory, and other needs that are 

always present. 

 

For the production of urine, the kidneys do not simply pick waste products out of the 

bloodstream and send them along for final disposal. The kidneys' 2 million or more 

nephrons (about a million in each 

kidney) form urine by three 

precisely regulated processes: 

filtration, reabsorption, and 

secretion. 

Glomerular Filtration: Urine 

formation begins with the process 

of filtration, which goes on 

continually in the renal 

corpuscles. As blood courses 

through the glomeruli, much of its fluid, containing both useful chemicals and dissolved 

waste materials, soaks out of the blood through the membranes (by osmosis and 
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diffusion) where it is filtered and then flows into the Bowman's capsule. This process is 

called glomerular filtration. The water, waste products, salt, glucose, and other 

chemicals that have been filtered out of the blood are known collectively as glomerular 

filtrate. The glomerular filtrate consists primarily of water, excess salts (primarily 

Na+ and K+), glucose, and a waste product of the body called urea. Urea is formed in the 

body to eliminate the very toxic ammonia products that are formed in the liver from 

amino acids. Since humans cannot excrete ammonia, it is converted to the less 

dangerous urea and then filtered out of the blood. Urea is the most abundant of the 

waste products that must be excreted by the kidneys. The total rate of glomerular 

filtration (glomerular filtration rate or GFR) for the whole body (i.e., for all of the 

nephrons in both kidneys) is normally about 125 ml per minute. That is, about 125 ml of 

water and dissolved substances are filtered out of the blood per minute. The following 

calculations may help you visualize how enormous this volume is. The GFR per hour is: 

125 ml/min X 60min/hr= 7500 ml/hr. 

The GFR per day is: 7500 ml/hr X 24 hr/day = 180,000 ml/day or 180 liters/day. 

Now, what we have just calculated is the amount of water that is removed from the 

blood each day - about 180 liters per day. (Actually it also includes other chemicals, but 

the vast majority of this glomerular filtrate is water.) Imagine the size of a 2-liter bottle 

of soda pop. About 90 of those bottles equal 180 liters. Obviously no one ever excretes 

anywhere near 180 liters of urine per day! Why? Because almost all of the estimated 

180 liters, that leaves the blood by glomerular filtration, the first process in urine 

formation, returns to the blood by the second process - reabsorption. 

Reabsorption: Reabsorption, by definition, is the movement of substances out of the 

renal tubules back into the blood capillaries located around the tubules (called 

the peritubular copillaries). Substances reabsorbed are water, glucose and other 

nutrients, and sodium (Na+) and other ions. Re-absorption begins in the proximal 

convoluted tubules and continues in the loop of Henle, distal convoluted tubules, and 

collecting tubules. Let's discuss for a moment the three main substances that are 

reabsorbed back into the bloodstream. 

Large amounts of water - more than 178 liters per day - are reabsorbed back into the 

bloodstream from the proximal tubules because the physical forces acting on the water 
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in these tubules actually push most of the water back into the blood capillaries. In other 

words, about 99% of the 180 liters of water that leaves the blood each day by 

glomerular filtration returns to the blood from the proximal tubule through the process 

of passive reabsorption. 

The nutrient glucose (blood sugar) is entirely reabsorbed back into the blood from the 

proximal tubules. In fact, it is actively transported out of the tubules and into the 

peritubular capillary blood. None of this valuable nutrient is wasted by being lost in the 

urine. However, even when the kidneys are operating at peak efficiency, the nephrons 

can reabsorb only so much sugar and water. Their limitations are dramatically 

illustrated in cases of diabetes mellitus, a disease which causes the amount of sugar in 

the blood to rise far above normal. As already mentioned, in ordinary cases all the 

glucose that seeps out through the glomeruli into the tubules is reabsorbed into the 

blood. But if too much is present, the tubules reach the limit of their ability to pass the 

sugar back into the bloodstream, and the tubules retain some of it. It is then carried 

along in the urine, often providing a doctor with her first clue that a patient has diabetes 

mellitus. The value of urine as a diagnostic aid has been known to the world of medicine 

since as far back as the time of Hippocrates. Since then, examination of the urine has 

become a regular procedure for physicians as well as scientists. 

Sodium ions (Na+) and other ions are only partially reabsorbed from the renal tubules 

back into the blood. For the most part, however, sodium ions are actively 

transported back into blood from the tubular fluid. The amount of sodium reabsorbed 

varies from time to time; it depends largely on how much salt we take in from the foods 

that we eat. (As stated earlier, sodium is a major component of table salt, known 

chemically as sodium chloride.) As a person increases the amount of salt taken into the 

body that person's kidneys decrease the amount of sodium reabsorption back into the 

blood. That is, more sodium is retained in the tubules. Therefore, the amount of salt 

excreted in the urine increases. The process works the other way as well. The less the 

salt intake, the greater the amount of sodium reabsorbed back into the blood, and the 

amount of salt excreted in the urine decreases. 

Secretion: Now, let's describe the third important process in the formation of 

urine. Secretion is the process by which substances move into the distal and collecting 
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tubules from blood in the capillaries around these tubules. In this respect, secretion is 

re-absorption in reverse. Whereas re-absorption moves substances out of the tubules 

and into the blood, secretion moves substances out of the blood and into the tubules 

where they mix with the water and other wastes and are converted into urine. These 

substances are secreted through either an active transport mechanism or as a result 

of diffusion across the membrane. Substances secreted are hydrogen ions (H+), 

potassium ions (K+), ammonia (NH3), and certain drugs. Kidney tubule secretion plays 

a crucial role in maintaining the body's acid-base balance, another example of an 

important body function that the kidney participates in. 

4.6 ACID-BASE BALANCE: Acid–base imbalance occurs when a significant insult causes 

the blood pH to shift out of the normal range (7.35 to 7.45). In the fetus, the normal 

range differs based on which umbilical vessel is sampled (umbilical vein pH is normally 

7.25 to 7.45; umbilical artery pH is normally 7.18 to 7.38). An excess of acid in the blood 

is called academia and an excess of base is called alkalemia. The process that causes the 

imbalance is classified based on the etiology of the disturbance (respiratory or 

metabolic) and the direction of change in pH (acidosis or alkalosis). There are four basic 

processes: metabolic acidosis, respiratory acidosis, metabolic alkalosis, and respiratory 

alkalosis. One or a combination may occur at any given time. 

Acid–base balance is the part of human homeostasis concerning the proper balance 

between acids and bases, also called body pH. The body is very sensitive to its pH level, 

so strong mechanisms exist to maintain it. Outside the acceptable range of 

pH, proteins are denatured and digested, enzymes lose their ability to function, 

and death may occur. The body's acid–base balance is normally tightly regulated, 

keeping the arterial blood pH between 7.38 and 7.42. Several buffering agents that 

reversibly bind hydrogen ions and impede any change in pH exist. Extracellular buffers 

include bicarbonate and ammonia, whereas proteins and phosphate act 

as intracellular buffers. The bicarbonate buffering system is especially key, as carbon 

dioxide (CO2) can be shifted through carbonic acid (H 

2CO3) to hydrogen ions and bicarbonate (HCO3−) as shown below.  
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Acid–base imbalances that overcome the buffer system can be compensated in the short 

term by changing the rate of ventilation. This alters the concentration of carbon 

dioxide in the blood, shifting the above reaction according to Le Chatelier's principle (If 

a chemical system at equilibrium experiences a change 

in concentration, temperature, volume, or partial pressure, then the equilibrium shifts 

to counteract the imposed change and a new equilibrium is established), which in turn 

alters the pH. For instance, if the blood pH drops too low (acidemia), the body will 

compensate by increasing breathing thereby expelling CO2, and shifting the above 

reaction to the left such that fewer hydrogen ions are free; thus the pH will rise back to 

normal. For alkalemia, the opposite occurs. 

The kidneys are slower to compensate, but renal physiology has several powerful 

mechanisms to control pH by the excretion of excess acid or base. In response to 

acidosis, tubular cells reabsorb more bicarbonate from the tubular fluid, collecting 

duct cells secrete more hydrogen and generate more bicarbonate, and ammonia 

genesis leads to increased formation of the NH3 buffer. In responses to alkalosis, the 

kidney may excrete more bicarbonate by decreasing hydrogen ion secretion from the 

tubular epithelial cells, and lowering rates of glutamine metabolism and ammonium 

excretion. 

 

4.7 SUMMARY: We have taken a close look at the 

excretory system of the human being.  This system 

works with other systems to maintain a healthy 

body. The liver, kidneys, lungs, and skin are the 

organs of the excretory system. The lungs are 

responsible for releasing carbon dioxide and water 

vapor from the body. The liver and kidneys filter 

materials from the blood. The skin has sweat glands that release water, salts, and urea. 

Perspiration also cools the body and helps to keep a balanced body temperature. 

Particularly, we have studied in detail the role of kidney in the process of excretion. The 

excretory system is crucial to survival. If the system doesn’t perform properly the 
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consequence can mean death. In summary, three processes occurring in successive 

portions of the nephron accomplish the function of urine formation: Glomerular 

Filtration of water and dissolved substances out of the blood in the glomeruli and into 

Bowman's capsule; reabsorption of water and dissolved substances out of the kidney 

tubules back into the blood (note that this process prevents substances needed by the 

body from being lost in the urine). Secretion of hydrogen ions (H+), potassium ions (K+), 

ammonia (NH3), and certain drugs out of the blood and into the kidney tubules, where 

they are eventually eliminated in the urine. 

 

4.8 KEY WORDS: Excretory System, Ultrastructure of Nephron, Glomerular Filtration, 

Formation of Urine, Acid-Base Balance, Metabolism,  Kidneys, Homeostasis, Urine, 

Ureter, Bladder, Urethra Liver, Epidermis, Skin.  

 

4.9 QUESTIONS FOR SELF STUDY: 

1. What are the four organs of the excretory system? 

2. Why is the excretory system important to the human body? 

3. How do kidneys clean the blood? 

4. How is perspiration important to regulating body temperature? 

6. What is urine? 

7. What jobs does the bladder perform? 

8. What does the term homeostasis mean? 

9. What role do the lungs have in the excretory system? 

10. How big are the kidneys and where are they located? 
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5.0 OBJECTIVES: After studying this unit, you should be able to,  

 Discuss the anatomy of liver,  

 Explain the pattern of blood supply to the liver 

 Write about the hepatocytes, endothelial cells and kupffer cells.  

 Describe the secretary and excretory functions of liver.  

 Appreciate the role of liver in detoxification of xenobiotics. 

 

5.1 INTRODUCTION: The liver, the largest internal organ in the body, is situated under 

the diaphragm. It is further protected by the costal cartilage of the ribs. The liver is so 

large that it occupies most of the right hypochondrium as well as part of the abdomen. It 

is, for the most part, covered by peritoneum and entirely by connective tissue. The 

upper surface of the organ fits nicely against the undersurface (inferior aspect) of the 

diaphragm. The liver is essential for life, yet it can suffer extensive damage before 

malfunction becomes pronounced. Although functionally complex, histologically, the 

liver is nothing more than a greatly modified tubular gland. In this unit we will learn in 

detail about anatomy of liver, blood supply to the liver. We will also study the important 

cell of the liver such as hepatocytes, endothelial cells, Kupffer cells and parenchyma 

cells. Towards the end of the unit we will learn about the secretary and excretory 

functions of liver and the role of liver in detoxification and formation of bile. 

5.2 STRUCTURE OF LIVER: The liver is the largest organ of the human body, weighs 

approximately 1500 g, and is located in the upper right corner of the abdomen. The 

organism closely associated with the small intestine, processing the nutrient-enriched 

venous blood that leaves the digestive tract. The liver performs over 500 metabolic 

functions, resulting in synthesis of products that are released into the blood stream (e.g. 

glucose derived from glycogenesis, plasma proteins, clotting factors and urea), or that 

are excreted to the intestinal tract (bile). Also, several products are stored in liver 

parenchyma (e.g. glycogen, fat and fat soluble vitamins). 

Almost all blood that enters the liver via the portal tract originates from the 

gastrointestinal tract as well as from the spleen, pancreas and gallbladder. A second 

blood supply to the liver comes from the hepatic artery, branching directly from the 

celiac trunc and descending aorta. The portal vein supplies venous blood under low 

pressure conditions to the liver, while the hepatic artery supplies high-pressured 
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arterial blood. Since the capillary bed of the gastrointestinal tract already extracts most 

O2, portal venous blood has a low O2 content. Blood from the hepatic artery on the other 

hand, originates directly from the aorta and is, therefore, saturated with O2. Blood from 

both vessels joins in the capillary bed of the liver and leaves via central veins to the 

inferior caval vein. 

5.3 BASIC LIVER ARCHITECTURE AND BLOOD SUPPLY: Liver is the reddish brown 

organ with four lobes of unequal size and 

shape. The major blood vessels, portal vein 

and hepatic artery, lymphatics, nerves and 

hepatic bile duct communicate with the liver at 

a common site, the hilus. From the hilus, they 

branch and rebranch within the liver to form a 

system that travels together in a conduit 

structure, the portal canal. From this portal 

canal, after numerous branching, the portal 

vein finally drains into the sinusoids, which is 

the capillary system of the liver. Here, in the sinusoids, blood from the portal vein joins 

with blood flow from end-arterial 

branches of the hepatic artery.  

Once passed through the sinusoids, 

blood enters the collecting branch of 

the central vein, and finally leaves the 

liver via the hepatic vein. The 

hexagonal structure with, in most 

cases, three portal canals in its 

corners draining into one central 

vein, is defined as a lobule. The lobule largely consists of hepatocytes (liver cells) which 

are arranged as interconnected plates, usually one or two hepatocytes thick. The space 

between the plates forms the sinusoid. A more functional unit of the liver forms the 

acinus. In the acinus, the portal canal forms the center and the central veins the corners. 

In the acinus, the portal canal forms the center and the central veins the corners. The 

functional acinus can be divided into three zones:  
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1) the periportal zone, which is the circular zone directly around the portal canal,  

2) the central zone, the circular area around the central vein, and  

3) a midzonal area, which is the zone between the periportal and pericentral zone.  

 

5.4 LIVER SINUSOIDAL ENDOTHELIAL 

CELLS: Liver sinusoidal endothelial cells 

(LSECs) have long been noted to 

contribute to liver regeneration after 

liver injury. Sinusoids are the canals 

formed by the plates of hepatocytes. 

They are approximately 8-10 ¹m in 

diameter and comparable with the 

diameter of normal capillaries. They are 

orientated in a radial direction in the 

lobule. Sinusoids are lined with 

endothelial cells and Kupffer cells, which have a phagocytic function.  

Plasma and proteins migrate through these lining cells via so-called fenestrations (100-

150 nm) into the Space of Disse, where direct contact with the hepatocytes occurs and 

uptake of nutrients and oxygen by the hepatocytes takes place. On the opposite side of 

the hepatocyte plates are the bile canaliculi situated (1 m diameter) 

5.5 HEPATOCYTES OR PARENCYMA CELLS: The hepatocyte is the predominant cell 

type within the liver. Hepatocytes 

group together into liver lobules, 

which usually have portal spaces at 

their corners where portal triad can 

run. The hepatocytes are responsible 

for performing most of the function 

of the liver. Hepatocytes are the chief 

functional cells of the liver and 

perform an astonishing number of 

metabolic, endocrine and secretory 

functions. Roughly 80% of the mass of the liver is contributed by hepatocytes.  
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In three dimensions, hepatocytes are arranged in plates that anastomose with one 

another. The cells are polygonal in shape and their sides can be in contact either with 

sinusoids (sinusoidal face) or neighboring hepatocytes (lateral faces). A portion of the 

lateral faces of hepatocytes is modified to form bile canaliculi. Microvilli are present 

abundantly on the sinusoidal face and project sparsely into bile canaliculi. 

Hepatocyte nuclei are distinctly rounded, with one or two prominent nucleoli. A 

majority of cells have a single nucleus, but binucleate cells are common. The typical 

hepatocyte forms a cubical cell of 15 µm sides (in comparison, a human hair has a 

diameter of 17 to 180 µm). The typical volume of a hepatocyte is 3.4 x 10-9 cm3. The 

smooth endoplasmic reticulum (Smooth ER) is an abundant organelle in hepatocytes, 

whereas most cells in the body have small amounts of smooth ER 

Functions of Hepatocytes: Hepatocytes are exceptionally active in synthesis of protein 

and lipids for export. As a consequence of these activities, ultrastructural examination of 

hepatocytes reveals bountiful quantities of both rough and smooth endoplasmic 

reticulum. In contrast to most glandular epithelial cells that contain a single Golgi 

organelle, hepatocytes typically contain many stacks of Golgi membranes.  

Another important function of hepatocytes is to synthesize and secrete very low density 

lipoproteins. These complexes are seen in electron micrographs as electron-dense 

particles within smooth endoplasmic reticulum. 

Hepatocytes have the ability to metabolize, detoxify, and inactivate exogenous 

compounds such as drugs, (drug metabolism), and insecticides, and endogenous 

compounds such as steroids. The drainage of the intestinal venous blood into the liver 

requires efficient detoxification of miscellaneous absorbed substances to maintain 

homeostasis and protect the body against ingested toxins. One of the detoxifying 

functions of hepatocytes is to modify ammonia into urea for excretion. 

5.6 KUPFFER CELLS: Kupffer cells, also known as Browicz-Kupffer cells and stellate 

macrophages, are specialized macrophages located in the liver lining the walls of the 

sinusoids that form part of the reticuloendothelial system (RES) (also called 

mononuclear phagocyte system). 
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Kupffer cells are macrophages that are attached to the luminal surface or inserted in the 

endothelial lining of hepatic sinusoids. In this site, Kupffer cells play a key role in host 

defense by removing foreign, toxic and infective substances from the portal blood and 

by releasing beneficial mediators. 

Under some conditions, toxic and 

vasoactive substances also are released 

from Kupffer cells which are thought to 

play a role in a variety of liver diseases. 

Many of these activities may be 

modulated by the levels of gut derived 

endotoxin normally present in the 

portal blood.  

Kupffer cells development begins in the 

bone marrow with the genesis of promonocytes and monoblasts into monocytes, and 

then on to peripheral blood monocytes, completing their differentiation into Kupffer 

cells. 

Red blood cells are broken down by phagocytic action, where the haemoglobin molecule 

is split. The globin chains are re-utilized, while the iron-containing portion, heme, is 

further broken down into iron, which is re-utilized, and bilirubin, which is conjugated to 

glucuronic acid within hepatocytes and secreted into the bile. 

5.7 SECRETARY AND EXCRETORY FUNCTION OF LIVER: In the past, the liver has 

been referred to as the center of courage, passion, temper, and love and even as the 

center of the soul. It was once believed to produce "yellow bile" necessary for good 

health. Today, the liver is a complex organ responsible for many major metabolic 

functions in the body. More than 100 tests measuring these diverse functions have 

existed in the clinical laboratory at one time. However, many were abandoned in favor 

of those that have proven to be most clinically useful. 

The liver performs several hundred functions each day. These functions can be 

classified into the following: 

1. Excretory Function 

2. Synthetic Function 
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3. Detoxification Function 

5.7.1. EXCRETORY FUNCTION:  One of the more important liver functions, and one 

that is disturbed in a large number of hepatic disorders, is the excretion of bile.  

The excretion of bile: Bile comprises bile salts, bile acids, bile pigments (primarily 

bilirubin), cholesterol, and other substances extracted from the blood. Total bile 

production averages about 3 L per day, although only 1 L is excreted. Bile acids: The 

primary bile acids are cholic acid and chenodcoxycholic acid. They are formed in the 

liver from cholesterol. The bile acids are conjugated with the amino acids glycine or 

taurine, forming bile salts. Bile salts (conjugated bile acids) are excreted into the bile 

canaliculi by means of a carrier mediated active transport system. During fasting and 

between meals, a major portion of the bile acid pool is concentrated up to 10-fold in the 

gallbladder. Bile acids reach the intestine when the gallbladder contracts after each 

meal. Approximately 500-600 mL of bile enters the duodenum each day. Bile salts help 

in the digestion and absorption of lipids. When the conjugated bile acids (salts) come 

into contact with bacteria in the terminal ileum and colon, dehydration to secondary 

bile acids (deoxycholic and lithocolic) occurs, and these secondary bile acids are 

subsequently absorbed.  

The absorbed bile acids enter the portal circulation and return to the liver, where they 

are 

reconjugated and reexcreted. The enterohepatic circulation of bile occurs 2-5 times 

daily. Bilirubin is the principal pigment in bile. It is formed by the breakdown of 

hemoglobin when red blood cells are phagocytized by the reticuloendothelial system. 

The reticuloendothelial system is mainly in the spleen, liver, and bone marrow. About 

80% of the bilirubin formed daily comes from the degradation of hemoglobin. The 

remainder comes from destruction of hemecontaining proteins (myoglobin, 

cytochromes, catalase) and catabolism of heme. 

When hemoglobin is destroyed, the protein portion -globin- is reused by the body. The 

iron enters the body's iron stores and is also reused. The porphyrin ring is changed to 

biliverdin, which is easily reduced to bilirubin. 

Bilirubin is transported to the liver in the bloodstream bound to albumin. This bilirubin 

is referred to as unconjugated bilirubin or indirect bilirubin. At the liver, unconjugated 

bilirubin is separated from the albumin and taken up by the hepatic cells. Two 
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nonalbumin proteins, isolated from liver cell cytoplasm and designated Y and Z, account 

for the intracellular binding and transport of bilirubin. 

Conjugation of bilirubin occurs in the hepatocytes. An enzyme, uridyldiphosphate 

glucuronyl transferase (UDPGT), transfers glucuronic acid molecules to bilirubin, 

converting bilirubin into a diglucuronide ester. This product, bilirubin diglucuronide, is 

referred to as conjugated bilirubin or direct bilirubin. Conjugated bilirubin is water 

soluble. It is secreted from the hepatic cell into the bile canaliculi and then into larger 

bile ducts and eventually into the intestine. In the colon, the bile pigments are acted on 

by enzymes of the intestinal bacteria. The first product of this reaction is mesobilirubin, 

which is reduced to form mesobilirubinogen. 

This produces urobilinogen which is a colorless product. The oxidation of urobilinogen 

produces the red-brown pigment urobilin, which is excreted in the stool. A small 

portion of the urobilinogen is reabsorbed into the portal circulation and returned to the 

liver, where it is again excreted with the bile into the intestine. This is called 

enterohepatic circulation of bile pigments. However, a small quantity of urobilinogen 

remains in the blood. This urobilinogen, which is colorless, is ultimately filtered by the 

kidney and excreted in the urine. 

A total of 200-300 mg of bilirubin is produced daily in the healthy adult. A normally 

functioning liver is required to eliminate this amount of bilirubin from the body. This 

excretory function requires that bilirubin be in the conjugated form; that is, the water-

soluble diglucuronide. Almost all the bilirubin formed is eliminated in the feces, and a 

small amount of the colorless product urobilinogen is excreted in the urine. 

Reference Value of Bilirubins: • Total bilirubin 0.2 - 1.0 mg/dL, • Direct (Conjugated) 0.0 

- 0.2 mg/dL, • Indirect (Unconjugated) 0.2 - 0.8 mg/dL 

5.7.2. SYNTHETIC FUNCTION: The liver is the main site of synthesis of: 

Proteins: The liver plays an important role in production of albumin and the majority 

of the α and β-globulins. All the blood-clotting factors (except VIII) are synthesized in 

the liver. Deamination of glutamate in the liver is the primary source of ammonia, which 

is converted to urea. 

Carbohydrates: The synthesis and metabolism of carbohydrates is centered in the 

liver. Glucose is converted to glycogen (Glycogenesis), a portion of which is stored in the 
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liver and later reconverted to glucose (Glycogenolysis) as necessary. An additional 

important liver function is gluconeogenesis from amino acids. 

Lipids: Fat is formed from carbohydrates in the liver (Lipogenesis) when nutrition is 

adequate and the demand for glucose is being met from dietary sources. The liver also 

plays a key role in the metabolism of fat. It is the major site for the 

 - removal of chylomicrons remnants, 

 - the conversion of acetyl- CoA to fatty acids, triglycerides, and cholesterol. 

- metabolism of cholesterol into bile acids 

- Synthesis of Very-low-density lipoproteins 

- Synthesis of high-density lipoproteins 

- Synthesis of phospholipids. 

The formation of ketone bodies occurs in the liver. When the demand for 

gluconeogenesis depletes oxaloacetate and acetyl-CoA cannot be converted rapidly 

enough to citrate, acetyl-CoA accumulates and a decyclase in the liver liberates ketone 

bodies into the blood. 

The liver is the storage site for all fat-soluble vitamins (A, D, E, and K) and several 

water-soluble vitamins, such as B12. Another vitamin-related function is the conversion 

of carotene into vitamin A. 

The liver is the source of somatomedin C (an insulin-like factor (IGF-1) that mediates 

the activity of growth hormone) and angiotensingen. IGF-1 supports cellular division 

and growth to the muscles and organs. Angiotensinogen (active Angiotensin) is an 

oligopeptide and is a hormone and a powerful dipsogen. It is derived from the precursor 

molecule angiotensinogen, a serum globulin produced in the liver. It plays an important 

role in the renin-angiotensin system.  Liver is the major site of metabolic clearance of 

many other hormones. As the source of transferrin, ceruloplasmin, and metallothionein, 

the liver plays a key role in the transport, storage, and metabolism of iron, copper, and 

other metals. 

Many enzymes are synthesized by liver cells. Those enzymes that have been found 

useful in the diagnosis of hepatobiliary disorders include aspartate amino transferase 

(AST, or serum glutamic-oxaloacetic transaminase [SGOT]) and alanine amino 

transferase (ALT, or serum glutamic pyruvic transaminase [SGPT]), alkaline 

phosphatase (ALP) and 5'-nucleotidase (5NT), and γ-glutamyltransferase (GGT). 
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5.7.3. DETOXIFICATION FUNCTION: Because the liver is interposed between the 

circulation in the organs and the systemic blood, it serves to protect the body from 

potentially injurious substances absorbed from the intestinal tract and toxic by-

products of metabolism. 

The most important mechanisms of detoxification include oxidation, reduction, 

hydrolysis, hydroxylation, carboxylation, and demethylation. Detoxification 

mechanisms convert many toxic or insoluble compounds into less toxic or more water-

soluble compounds and, therefore, excretable by the kidney. For example, ammonia, a 

toxic substance arising in the large intestine through bacterial action on amino acids, is 

carried to the liver by the portal vein and converted by hepatocytes into the innocuous 

compound urea. 

Conjugation with compounds, such as glycine, glucuronic acid, sulfuric acid, glutamine, 

acetate, cysteine, and glutathione, occurs mainly in the 

cytosol. This mechanism is the mode of bilirubin and 

bile acid excretion. 

The metabolism of xenobiotics may be divided into 

two phases which may occur together or separately. 

Phase I: The reactions of Phase I are oxidation, 

reduction and hydrolysis. 

Phase ll: These are the conjugation reactions, 

involving compounds such as glucuronic acid, amino 

acids (glycine), glutathione, sulfate, acetate and 

methyl group. 

Generally, detoxification of a compound involves phase I as well as phase ll reactions. 

For instance, oxidation followed by conjugation is the most frequent process in the 

metabolism of xenobiotics. 

Oxidation: A large number of foreign substances are detoxified by oxidation. These 

include alcohols, aldehydes, amines, aromatic hydrocarbons and sulfur compounds. Ln 

general, aliphatic compounds are more easily oxidized than aromatic ones.  

Alcohols: Aliphatic and aromatic alcohols undergo oxidation to form the corresponding 

acids. 
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CH3OH     HCOOH 

Methanol   Formic acid 

C6H5CH2OH     C6H5COOH 

Benzyl alcohol   Benzoic acid 

Reduction: A few examples of detoxification by reduction are given. 

C6H2OH (NO2)3                C6H2OH (NO2)2 NH2 

Picric acid     Picramic acid 

 

CCl3. CH(OH)2     CCl3CH2OH 

Chloral                             Trichloroethanol 

C6H5NO2     C6H5NH2 

Nitrobenzene    Aminobenze 

Hydrolysis: The hydrolysis of the bonds such 

as ester, glycoside and amide is important in 

the metabolism of xenobiotics. Several 

compounds undergo hydrolysis during the 

course of their detoxification. These include 

aspirin, acetanilide, di-

isopropylfluorophosphate, atropine and procain. 

Conjugation: Several xenobiotics undergo detoxification by conjugation to produce less 

toxic and/or more easily excretable compounds. Conjugation is the process in which a 

foreign compound combines with a substance produced in the body. The process of 

conjugation may occur either directly or after the phase I reactions. At least 8 different 

conjugating agents have been identified in the body. These are glucuronic acid, glycine, 

cysteine (of glutathione), glutamine, methyl group, sulfate, acetic acid and thiosulfate. 
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Glucuronic acid: Conjugation with 

glucuronic acid is the most common. The 

active form of glucuronic acid is UDP-

glucuronic acid produced in the uronic acid 

pathway. The microsomal enzymes 

UDPglucuronyl transferases participate in 

glucuronide formation. A general reaction 

of glucuronide conjugation is shown below 

(X-OH represents xenobiotic). 

     UDP-glucuronyl-  
         transferase 
X-OH + UDP-glucuronic acid                                             XO-glucuronide + UDP 

 

Glucuronic acid conjugation may occur with compounds containing hydroxyl, carbonyl, 

sulfhydryl or amino groups. A few examples of glucuronide conjugation are given here. 

 

5.8 FORMATION OF BILE: Bile is secreted in two stages by the liver: (1) the initial 

portion is secreted by the principal functional cells of the liver, the hepatocytes; this 

initial secretion contains large amounts of bile acids, cholesterol, and other organic 

constituents. It is secreted into 

minute bile canaliculi that 

originate between the adjacent 

hepatic cells. The wall of the 

canaliculus is formed by the 

plasma membrane of the 

hepatocytes, which are held 

together by tight junctions. 

Canaliculi arise near central veins 

and extend to the periphery of the 

lobules. The direction of bile flow 

in the canaliculi is centrifugal, whereas the blood flow is centripetal. 

2) Next, the bile flows in the canaliculi toward the interlobular septa, where the 

canaliculi empty into terminal bile ducts and then into progressively larger ducts, finally 
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reaching the hepatic duct and common bile duct. From these the bile either empties 

directly into the duodenum or is diverted for minutes up to several hours through the 

cystic duct into the gallbladder, mediated by cholecystokinin a GI hormone. 

The volume of hepatic bile varies in a normal human adult from 250 to 1100 mL, 

depending on the rate at which bile acids recirculate in the enterohepatic cycle. Hepatic 

bile has a pH of 7.0-7.8.  

During the interdigestive period, it is diverted into the gallbladder, since the sphincter of 

Oddi is closed. When this sphincter is closed, the dilute bile secreted by the liver is 

shunted into the gallbladder where the organic components of bile become 

concentrated. Shortly after the beginning of a fatty meal, the sphincter of Oddi relaxes 

and the gallbladder contracts, discharging concentrated bile into the duodenum.   Bile in 

the gall bladder is concentrated 12- to 20-fold by absorption of electrolytes and water. 

Gallbladder bile is isotonic with plasma because cations (mainly Na+) associate with the 

osmotically inactive bile acid micellar aggregates. Gallbladder capacity is 50-60 mL. 

Emptying requires a coordinated contraction of the gallbladder and relaxation of the 

sphincter of Oddi, both mediated by cholecystokinin.  

The absorbed bile salts are 

returned via the portal vein to 

the liver, where they are once 

again secreted into the bile. 

This recycling pathway from 

the intestine to the liver and 

back to the intestine is known 

as the enterohepatic 

circulation. A small amount 

(5 percent) of the bile salts 

escape this recycling and is 

lost in the feces, but the liver 

synthesizes new bile salts from cholesterol to replace them. 

Bile pigments are substances formed from the heme portion of hemoglobin when old 

or damaged erythrocytes are digested in the spleen and liver. The predominant bile 

pigment is bilirubin, which is extracted from the blood by liver cells and actively 

secreted into the bile. It is bilirubin that gives bile its yellow color. After entering the 
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intestinal tract, bilirubin is modified by bacterial enzymes to form the brown coloured 

pigment.  

Organic ion transporters of hepatocytes play major role in the formation of bile in the 

sinusoids. Solute uptake at the basolateral membrane is mediated by a Na+/bile acid  

co-transport protein, NTCP, and three families of organic ion exchanger transporters: 

OATP, the organic anion transporter protein family;  OCT, the organic cation transporter 

family; and OAT, the organic anion transporter  family. Export from the hepatocyte into 

the canalicular space is due to the ATP-dependent transport proteins BSEP, MRP2, 

MDR1, and ABCB4/MDR3. The ATP-dependent transport proteins MRP1, MRP3, MRP4, 

MRP5, and MRP6 transport substrates out of the cells into the sinusoidal blood. 

5.9 SUMMARY:  

The liver is the largest internal organ (1500 g) situated under the diaphragm protected 

by ribs. Histologically, the liver is nothing more than a greatly modified tubular gland.  

Liver is closely associated with the small intestine, processing the nutrient-enriched 

venous blood that leaves the digestive tract. The liver performs over 500 metabolic 

functions, resulting in synthesis of products that are released into the blood stream. 

Almost all blood that enters the liver via the portal tract originates from the 

gastrointestinal tract as well as from the spleen, pancreas and gallbladder. 

The portal vein supplies venous blood under low pressure conditions to the liver, while 

the hepatic artery supplies high-pressured arterial blood.  

The space between the plates forms the sinusoid. A more functional unit of the liver 

forms the acinus. The functional acinus can be divided into three zones:  1) the 

periportal zone, which is the circular zone directly around the portal canal, 2) the 

central zone, the circular area around the central vein, and 3) a midzonal area, which is 

the zone between the periportal and pericentral zone.  

 

Liver sinusoidal endothelial cells (LSECs) are responsible for liver regeneration after 

liver injury. Sinusoids are the canals formed by the plates of hepatocytes. They are 

orientated in a radial direction in the lobule. Sinusoids are lined with endothelial cells 

and Kupffer cells, which have a phagocytic function.  
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The hepatocyte is the predominant cell type within the liver. The hepatocytes are 

responsible for performing most of the function of the liver. Roughly 80% of the mass of 

the liver is contributed by hepatocytes. 

 

Kupffer cells (Browicz-Kupffer cells) are specialized macrophages located in the liver 

they a key role in host defense by removing foreign, toxic and infective substances from 

the portal blood and by releasing beneficial mediators. Kupffer cells development 

begins in the bone marrow.  

The liver performs several hundred functions each day. These functions can be 

classified into, 1. Excretory Function, 2. Synthetic Function, 3. Detoxification Function. 

One of the more important liver functions, Bile comprises bile salts, bile acids, bile 

pigments (primarily bilirubin), cholesterol, and other substances extracted from the 

blood. A total of 200-300 mg of bilirubin is produced daily in the healthy adult which, is 

excreted following conjugation in liver. 

The liver is the main site of synthesis of proteins, carbohydrates and lipids. The liver is 

the storage site for all fat-soluble vitamins (A, D, E, and K) and several water-soluble 

vitamins, such as B12.  

Many useful diagnostically useful enzymes are produced in liver which includes 

aspartate amino transferase (AST) and alanine amino transferase (ALT) and alkaline 

phosphatase (ALP).  

Detoxification deals with the series of biochemical reactions occurring in the body to 

convert the foreign (often toxic) compounds to non-toxic or less toxic and more easily 

excretable forms. Liver is the major site of detoxification. In recent years, the term 

detoxification is replaced by biotransformation or metabolism of xenobiotics. 

 

Detoxification may be divided into phase I (oxidation, reduction, hydrolysis) and phase 

II reactions (conjugation). Oxidation is of major process of detoxification, involving the 

microsomal enzyme cytochrome P450 which is an inducible, NADPH dependent 

hemoprotein. 
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Conjugation is a process in which a foreign compound combines with a substance 

produced in the body. The process of conjugation may occur either directly or after 

phase I reactions. At least 8 different conjugating agents have been identified in the 

body-glucuronic acid, glycine, cystelne, glutomine, methyl group, sulfate, acetic acid and 

thiosulfate. 

 

5.10 KEY WORDS: Liver, Blood, hepatocytes, Sinusoidal Cells, kupffer Cells, Secretary 

function, Excretory function, Bilirubin, Detoxification function, Oxidation, Hydrolysis, 

Conjugation, Bile. 

5.11 QUESTIONS FOR SELF STUDY 

1. Describe the structure of liver 

2. Explain basic liver architecture and blood supply 

4 Write a note on the following a) liver sinusoidal cells, b) hepatocyte, c)kupffer cells 

5. Explain the secretary and excretory function of liver 

6. Describe the role of liver in detoxification  

7. Depict and explain the process of formation of bile  
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BC 1.3: PHYSIOLOGY AND NUTRITION 

BLOCK-II: PHYSIOLOGY 

 

UNIT 6: DIGESTIVE SYSTEM – GI TRACT, DIGESTION AND ABSORPTION OF 

CARBOHYDRATES, PROTEINS AND LIPIDS. MECHANISM OF HCl PRODUCTION IN 
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6.0 OBJECTIVES: After thoroughly studying this unit, you should be able to, 

 Name different parts of gastro intestinal tract. 

 Explain digestion and absorption of carbohydrates.  

 Explain digestion and absorption of proteins and lipids.  

 Describe the mechanism of HCl production in the stomach.  

 Outline the importance of gastrointestinal hormones.  

 Explain the role of pancreas in digestion of food. 

 

6.1 INTRODUCTION: All the living organisms require nutritive substances and water 

for survival and growth. Most of the substances in the diet cannot be utilized as such. 

The process by which the complex food substances are broken into smaller particles 

and converted into absorbable material is called digestion. Then these digested 

substances are absorbed into the blood and distributed to various parts of the body for 

utilization. 

The digestive system plays the major role in the digestion and absorption of the food 

substances. Digestive system is made up of gastrointestinal tract or alimentary canal 

and the accessory organs which help in the process of digestion and absorption. 

 Gastrointestinal tract is a tubular structure extending from the mouth up to anus with a 

length of about 30 feet. It opens to the external environment on both sides. Parts of the 

gastrointestinal tract include: Mouth, Pharynx, esophagus, stomach, small intestine and 

large intestine. The accessory organs of the gastrointestinal tract include: Teeth, tongue, 

salivary glands, exocrine parts of the pancreas, liver and gall bladder. 

 The digestive tract and associated organs take up a significant portion of the space in a 

human body. The small intestine is over 6 m long and 2.5 cm in diameter. The Large 

intestine is about 1.5 m long and 5 cm in diameter.  

6.2 PARTS OF THE HUMAN DIGESTIVE SYSTEM:  

Accessory organs (Structures that aid 
digestion) 

The digestive tract (Organs that 
contain food) 

Salivary gland, Liver, Gall bladder and 
Pancreas 

Mouth, Esophagus, Stomach, Small 
intestine, Large intestine, Rectum and 
Anus. 
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 The Mouth: The first part of the digestive system is the mouth, the entry point of food. 

The smell and sight of food, stimulates your salivary glands to secrete fluid called saliva, 

consisting of water and enzymes. 

The purpose of the saliva is to lubricate the food for swallowing, dissolve water soluble 

food particles, and start chemical digestion of carbohydrates (starch) into smaller 

molecules. Amylase is the enzyme secreted. The pH of the mouth is 7. 

Salivary glands – are glands in the mouth that produces saliva to begin the chemical 

digestion of food. 

Saliva – is a watery secretion in the 

mouth that begins the digestive 

process. 

Mechanical digestion also begins 

here. The teeth and tongue are 

responsible for the breaking of large 

food particles into smaller food 

particles, while increasing surface area for faster chemical digestion. Each parotid gland 

and sub-mandibular gland release saliva into the mouth through the parotid duct and 

the sub-mandibular duct. The sublingual glands release saliva into the mouth through 

many smaller ducts. 

  

The Esophagus:  The esophagus is a tube connecting the mouth to the stomach running 

through the Thoracic cavity. Your teeth and tongue move food around in the mouth 

turning the food into a mushy bolus. The tongue moves the bolus to the back of the 

throat for swallowing. The bolus enters the esophagus.  

The esophagus lies behind your windpipe (Trachea). 

The trachea has as an epiglottis which prevents food 

from entering the windpipe, moving the food to the 

esophagus while swallowing. This prevents food from 

entering the windpipe and choking. Food travels 

down the esophagus, through a series of rhythmic 

contractions (wave-like) called peristalsis. The lining 

of the esophagus secretes mucus, lubricating to 

support the movement of food. When the bolus reaches the stomach, it must pass 
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through a muscular ringed valve called the esophageal sphincter (Cardiac Sphincter). 

The role of the sphincter is to prevent stomach acids from back flowing into the 

esophagus creating a burning feeling known as heart burn. The Peristalsis moves food 

through the esophagus by means of muscular contractions. When you vomit, or ‘throw 

up’ your stomach contents, the contractions of the esophagus are reversed. Similarly, 

small amounts of acidic liquid can escape from the stomach and move up the esophagus 

into your throat. This is experienced as a burning sensation in the throat or chest, 

commonly called heartburn or acid reflux.  

  

 The Stomach: The stomach is a muscular J-shaped organ found in the abdominal 

cavity. Food is temporarily stored in the stomach. The stomach is a muscular organ 

(three layers of muscle fibres) which performs mechanical digestion by churning the 

bolus and mixing it with the gastric juices (HCl, salts, enzymes, water and mucus) 

secreted by the lining of the stomach. The bolus is now called Chyme. 

Gastric Juices – are a mixture of hydrochloric acid, salts, enzymes, water and mucus 

that is produced by glands in the stomach to help digest food. The environment of the 

stomach is very acidic. HCl is secreted to kill any microbes that are found in the bolus, 

creating a pH of 2. Mucus prevents the stomach from digesting itself. Pepsin is also 

secreted. This enzyme is responsible for initiating the breakdown of proteins found in 

the food. Pepsin hydrolyzes 

proteins to yield polypeptides. Since the pH is 2, the enzyme from the salivary glands 

stops breaking down carbohydrates. 

The stomach does not digest itself because of three protective mechanisms. First the 

stomach only secretes small amounts of gastric juices until food is present. Second the 

secretion of mucus coats the lining of the stomach protecting it from the gastric juices. 

The third mechanism is the digestive enzyme pepsin is secreted in an inactive protein 

called pepsinogen. Pepsinogen is converted to pepsin in the increased presence of 

hydrochloric acid (pH 1). The chyme moves from the stomach to the small intestine. It 

passes through a muscular ringed sphincter called the pyloric sphincter. Chyme – is a 

thick liquid produced in the stomach and made of digested food combined with gastric 

juice. Pepsin – is an enzyme in gastric juice that helps break down proteins into 

polypeptides. 
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The Small Intestine: The small intestine is responsible for the complete digestion of all 

macromolecules and the absorption of their component molecules (glucose, glycerol, 

fatty acids, amino acids and nucleotides). The process of absorption allows the 

component molecules to be diffused into the surrounding intestinal cells and then into 

the circulatory system for transport 

to all the cells in the body. The small 

intestine is made up of three parts, 

duodenum, jejunum, and the ileum. 

The first part is the duodenum, u-

shaped organ, approximately 30 cm 

in length. This area completes most 

of the digestion processes. Enzymes 

are secreted into the duodenum 

form the pancreas and the gall 

bladder. The duodenum is lined by folds of tissue called villi. The villi are covered by 

fine brush-like microvilli. These folds increase the surface area of the small intestine 

increase the rate of absorption. The lining of the duodenum is arranged in circular folds. 

Each fold is covered in tiny villi and microvilli, through which the absorption of 

nutrients into the bloodstream takes places. The jejunum is approximately 2.5 m. long. 

Although some digestion is completed here, it has more villi and microvilli; its role is 

absorption o nutrients. The ileum, is approximately 3 m. long, and has fewer villi and 

microvilli than the other two parts. Although absorption also occurs here, it is 

responsible for pushing the waste materials into the large intestine.  

 

The Accessory Organs: The accessory organs that support the digestive system but are 

not part of the digestive tract are; the liver, gall bladder and the pancreas. These organs 

secrete fluids into the digestive tract, and are connect by ducts. The liver is the largest of 

these organs, about the size of a football and a mass of about 1.5 kg. The liver produces 

bile, a greenishyellow pigment made up bile pigments and bile salts, as it breaks down 

old red blood cells. The bile is secreted into a storage sac called the gall bladder. The bile 

salts are stored here between meals. The bile salts are secreted into the small intestine 

to digest fats. 
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The bile causes the emulsification (increases surface area) of fat blobs found in the 

chyme from the stomach. 

The pancreas secretes a number of different enzymes into the small intestine to digest 

carbohydrates, lipids and proteins completely. The pancreas also secretes bicarbonate 

ions which neutralize the HCl from the stomach and change the pH of the small intestine 

to a pH of 8. The pancreas will secrete about 1.0 L. of pancreatic fluids per day.  

6.3 CHEMICAL DIGESTION AND ABSORPTION: Enzymatic digestion (chemical 

digestion) of macromolecules are performed by carbohydrases (carbohydrates 

digestion), lipases (lipid digestion), proteases (protein digestion), and nucleases 

(nucleic acid digestion).  

Factors That Affect Enzyme Actions: There are two factors that affect enzyme 

function; temperature and pH. As the temperature increases beyond optimal levels 

(37oC), the enzyme becomes denatured and no longer functions. As temperature 

decreases all chemical reactions slow down.  

Enzymes also function at optimal pH levels. The pH levels vary depending on which 

organ of the digestive tract is involved. The mouth has a pH of 7, therefore only 

enzymes suitable work, salivary amylase.  

The stomach has a pH of 1. The enzyme pepsin is best suited here to digest proteins.  

The small intestine has a pH of 6 - 8, lipase, trypsin, chymotrypsin, peptidase, 

pancreatic amylase, sucrase, maltase and lactase work.  

Absorption in the Small Intestine: Carbohydrates in the simplest form are 

monosaccharides. Monosaccharides are absorbed from the small intestine into the 

circulatory system. Monosaccharides are transported to the liver. Any monosaccharides 

other than glucose are converted into glucose. The excess glucose is converted to 

glycogen, which can be stored in the liver and in smaller amounts in the muscles. When 

the body requires energy the glycogen is converted by into glucose and is used by the 

cells in cellular respiration. 

Amino acids, the building blocks of proteins, are also absorbed into the circulatory 

system and transported to the liver. Some amino acids are converted into sugar and 

used as an energy source. Other amino acids are converted to a waste product called 

urea. Urea is removed from the body through the excretory system. 

Lipids are broken down into glycerol groups and fatty acid chains. The sub units enter 

the cells of the small intestine and converted to triglycerides and coated with protein to 
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make it water soluble. The  triglyceride enters the lymphatic system and eventually to 

the circulatory system. The triglycerides are then broken down again and used as an 

energy source by the body. 

The Large Intestine: The waste materials move from the small intestine and moves 

into the large intestine (colon – ascending, transverse and descending). The large 

intestine is approximately 1.5 m. in length. Here the 90% of water is reabsorbed back 

into the blood stream. Anaerobic bacteria in the colon breaks down the waste material 

producing vitamins, folic acid, B vitamins, and vitamin K, which is transported to the 

blood stream. The rectum stores the fecal matter until eliminated by the anus. 

 

6.4 THE COMPOSITION AND FUNCTIONS OF DIGESTIVE JUICES: 

Saliva: Saliva is a mixture of secretions from three pairs of salivary glands present in 

the mouth. The rate of secretion of saliva is controlled by nerve impulse and the 

stimulations are psychic (eg. sight, smell and thought of food). Mechanical (chewing of 

food) and chemical (stimulation of taste buds). The total flow of saliva in an adult has 

been estimated as 1 to 1.5 liters/day. 

Composition of saliva: Saliva contains 99.5% water and 0.5% solids. The solids include 

organic solids and inorganic solids. Mucin, α-amylase (ptyalin), lysozyme etc. are 

organic solids. Chlorides, sodium, potassium, calcium, magnesium, phosphate, 

bicarbonate etc constitute the inorganic solids. 

Functions of saliva: 

1. When the food enters the mouth, saliva moistens the food and facilitates swallowing 

by a lubricating action. Chewing of the food mixes the food with saliva. 

2. Salivary amylase is carbohydrate splitting enzyme. It acts on starch and converts it 

into maltose, isomaltose and dextrins. The optimum pH for the activity of the enzyme is 

6.8. Salivary amylase cannot act on cellulose. 

3. Mucin is a glycoprotein and acts as a lubricant which facilitates the swallowing of 

food. 

4. The enzyme, lysozyme of saliva kills some bacteria such as staphylococcus, 

streptococcus and brucella. 

5. Due to constant secretion of saliva, the mouth and teeth are rinsed and kept free from 

food debris. In this way, saliva prevents bacterial growth by removing the good 

particles. It keeps the mouth and teeth clean. 



Unit-6: Digestive system: GI tract, GI hormones, Pancreas. 
 

KSOU-BC-1.3; Block-2: Unit-6 Page 90 
 

Gastric juice: Gastric juice is a mixture of secretions from different glands of the 

stomach. It is a thin, light coloured fluid which is highly acidic with pH of 0.9 to 1.2. The 

acidity of gastric juice is due to presence of hydrochloric acid. 

Composition of Gastric juice: Gastric juice contains 99.5% water and 0.5% solids. The 

solids are organic and inorganic substances. Pepsin, gastric lipase, renin (in infants), 

intrinsic factor, mucus etc. constitute organic solids. The inorganic substances are 

hydrochloric acid (concentration of HCl = upto 150m E/L), sodium, calcium, potassium 

bicarbonate, chloride, phosphate, sulfates etc. 

Functions of Gastric juice:  

1). Hydrochloric acid: This is secreted by the parietal cells of the stomach: It provides 

the optimal pH (2-3) for the digestion of protein by pepsin. It converts inactive 

pepsinogen into active pepsin. It denatures food proteins, thus making them more 

readily digestable. Kill the acid susceptible bacteria entering the stomach along with the 

food substances. 

2). Pepsin: The major proteolytic enzyme of gastric juice is pepsin. It is secreted as 

pepsinogen, which is inactive. Pepsinogen is secreted by Chief cells of the stomach. 

Pepsinogen is converted into pepsin by hydrochloric acid. Pepsin in endopeptidase and 

attacks the peptide bonds adjacent to aromatic amino acids by hydrolysis. Pepsin 

converts food proteins mainly into a mixture of polypeptides. Pepsin also causes 

curdling and digestion of milk (casein). 

3). Renin: This enzyme occurs in small amounts in stomach of infants and not of adult 

human beings. It hydrolyzes casein. 

4). Gastric lipase: Gastric lipase is a weak lipolytic enzyme. The optimal pH of the 

lipase is 5.5 to 7. Hence, the enzyme is not active at the pH (2-3) of the stomach 

contents. 

5). Intrinsic factor: Intrinsic factor is a glycoprotein and is essential for the absorption 

of vitamin B12 in the intestine. 

Pancreatic juice:  

The pancreatic juice is colourless transparent viscous fluid which has an alkaline 

reaction (pH 8.4) due to the presence of NaHCO3 (0.3-0.65%). The quantity of 

pancreatic juice secreted in adult human beings may range from 600 to 800ml /day.  

Composition of pancreatic juice: Pancreatic juice contains water -99.5% and total 

solids 0.5%. The organic solids include: Mucin & various enzymes like trypsin, 
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chymotrypsin, carboxypeptidase, nucleases, pancreatic amylase, pancreatic lipase, 

phospholipases. The inorganic solids include Sodium, Calcium, Potassium, Magnesium, 

Bicarbonate, Phosphate, Sulfate, Chloride etc. 

Functions of Pancreatic juice: 

Proteases: The protease present in pancreatic juice are trypsin, Chymotrypsin, 

carboxypeptidases 

1). Trypsin: Trypsin is secreted as an inactive precursor known as trypsinogen. This is 

converted into trypsin by the enzyme called enterokinase. 

          enterokinase 

Trypsinogen                Trypsin 

Trypsin is an endopeptidase with an optimum pH between 8 & 9. It can catalyze the 

hydrolytic cleavage of interior peptide bonds of protein. Trypsin cleaves the peptide 

bonds adjacent to the basic amino acids residues like arginine, lysine etc. It breaks down 

proteins into several peptides. 

 2). Chymotrypsin: Chymotrypsin is also secreted in the form of inactive proenzyme 

called chymotrypsinogen. This is converted into chymotrypsin by the action of trypsin 

in the intestine. 

    Trypsin  

Chymotrypsinogen                                                   Chymotrypsin 

 

Chymotrypsin is an endopeptidase. It hydrolyses peptide bonds, adjacent to aromatic 

amino acids residues (like phenylalanine, tyrosine, tryptophan etc.) the end products of 

chymotrypsin hydrolysis are peptides. 

 3). Carboxypeptidases: They are secreted in the form of inactive precursor called 

procarboxypeptidase and are converted into the active form by trypsin. They are 

exopeptidase and hydrolyze only the terminal peptide link. The exopeptidases split the 

polypeptide and other proteins into amino acids. They will hydrolyze the peptide bond 

from carboxy terminal end. 

4). Amylases: Pancreatic amylase is an alpha-amylase. It acts on starch and converts it 

into maltose, isomaltose and dextrins. It cleaves alpha 1-4 glycosidic linkage. Its 

optimum pH is between 6.5 and 7.2. 

5). Lipases: Pancreatic lipase is a powerful lipolytic enzyme. It hydrolyses the 

triglycerides into monoglycerides  and fatty acids. The activity  of pancreatic lipase is 
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accelerated in the presence of bile. The optimum pH required for the activity of this 

enzyme is 7 to 9. Digestion of fat by pancreatic lipase requires bile salts which are 

responsible for the emulsification of fat prior to their digestion. 

Phospholipases: Phospholipases are the enzymes which hydrolyse phospholipids 

(lecithin & cephalin). Two phospholipases (A & B) are known. They remove one fatty 

acid each from phospholipids. Glycerol is removed by phosphodiesterase and 

phosphoric acid by phosphatases. The steps involved in the digestion of lecithin are  

Lecithin 

  Phospholipase A 

Lysolecithin + Fatty acid 

  Phospholipase B 

Glycerolphosphoryl choline + Fatty acid 

  Phosphodiesterase 

Phosphoryl chloine + Glycerol 

  Phosphatase   

 

Choline + Phosphoric acid 

6). Nucleases: Pancreatic juice contains ribonucleases & deoxy-ribonucleases which 

hydrolyse RNA and DNA to nucleotides. 

Bile juice: Bile juice is a golden yellow or greenish fluid. Bile juice is secreted by the 

liver. Liver is a dual organ having both secretary and excretory functions. the bile juice 

enters the digestive tract along with pancreatic juice through the common opening 

called ampulla.  

Composition of Bile: About 800 to 1200ml of bile is secreted/day. It contains 97.6% 

water and 2.4% solids. Solids include organic and inorganic substances. The organic 

solids are bile salts, bile pigments, cholesterol, fatty acids, mucin etc. The inorganic 

substances are sodium, calcium, potassium, chloride, bicarbonate etc. 

Most of the bile from the liver enters the gall bladder where it is stored. It is released 

from the gallbladder into the intestine whenever it is required.  

Functions of Bile:  

1). The bile salts are required for the digestion and absorption of fats in the intestine. 

The lipolytic enzymes cannot digest the fats directly because the fats are insoluble in 

water due to the surface tension. The bile salts reduce the surface tension of the fat by 



Unit-6: Digestive system: GI tract, GI hormones, Pancreas. 
 

KSOU-BC-1.3; Block-2: Unit-6 Page 93 
 

their detergent action. Because of the reduction in surface tension, the lipid granules are 

broken into minute particles which can be easily digested by lipolytic enzymes. This 

action of bile salts on the lipid substances is called the emulsification of fats. The 

emulsification of fats by bile salts needs the presence of lecithin from bile. 

2). Bile salts help in the absorption of digested fats from the intestine. The bile salts 

combine with fats and make complexes of fats called micelles. The fats in the micelles 

can be easily absorbed. 

3). Bile pigments are the excretory products in bile. Bilirubin and biliverdin are the two 

bile pigments. The bile pigments are formed during the breakdown of haemoglobin, 

which are released from destroyed RBC. 

 

Intestinal juice: Secretion from small intestine is called succus entericus. About 

1800ml of succus entericus is secreted per day. Its pH is about 8.3. 

Composition: The succus entericus contains 99.5% water and 0.5% solids. Solids 

include organic and inorganic substances. The organic substances are: Mucus, 

aminopeptides, dipeptidase, tripeptidase, lipases, sucrase, maltase, lactase, dextrinase, 

trehalase, enterokinase, intrinsic factor etc. 

The inorganic substances are: Sodium, Calcium, Potassium, Bicarbonate, Chloride, 

Phosphate, sulfate etc., 

Functions:  

The enzymes of succus entericus act on the partially digested food and convert them 

into final digestive products. 

Enterokinase (enteropeptidase): This is secreted by the duodenum. Its function is to 

convert inactive trypsinogen to active trypsin. 

Peptidase - The intestinal mucosa contains a large number of peptidases. They are 

exopeptidases and hydrolyse peptide bonds from the terminal end. 

Aminopeptidase: This is an exopeptidase and splits of N-terminal amino acids of 

peptides. 

Tripeptidase and dipeptidases: These enzymes split different tripeptides and dipeptides 

into free amino acids. 

Disaccharidases: Intestinal mucosa contains a number of disaccharidases eg. sucrase, 

lactase, maltase, isomaltase etc. They hydrolyse the corresponding disaccharide into 

monosaccharides. 
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                                       Sucrase 

Sucrose  Glucose + Fructose 

                                      Lactase 

Lactose   Glucose + Galactose 

                                        Maltase (α- 1,4) 

Maltose    2 Glucose 

                                Maltase (α- 1,6) 

Isomaltose     2 Glucose 

Dextrinase: Dextrinase converts dextrin into glucose. 

Lipolytic enzymes: Intestinal lipases act on small amounts of diglycerides and 

triglycerides and convert them into fatty acids and monoglycerides. 

 

6.5 DIGESTION AND ABSORPTION OF MAJOR FOOD SUBSTANCES:  

6.5.1 CARBOHYDRATES: The principal dietary carbohydrates are polysaccharides 

(starch, glycogen), disaccharides (lactose, Small intestine sucrose) and, to a minor 

extent, monosaccharides (glucose, fructose). 

Digestion: The digestion of carbohydrates occurs 

briefly in mouth and largely in the intestine. The 

polysaccharides get hydrated during heating 

which is essential for their efficient digestion. The 

hydrolysis of glycosidic bonds is carried out by a 

group of enzymes called glycosidases. These 

enzymes are specific to the bond, structure and 

configuration of monosaccharide units.  

Digestion in the mouth: Carbohydrates are the only nutrients for which the digestion 

begins in the mouth to a significant extent. During the process of mastication, salivary α 

-amylase (ptyalin) acts on starch randomly and cleaves α-1,4-glycosidic bonds. The 

products formed include α -limit dextrins, (containing about 8 glucose units with one or 

more α -1,6-glycosidic bonds) maltotriose and maltose. 

Carbohydrates are not digested in the stomach: The enzyme salivary amylase is 

inactivated by high acidity (low pH) in the stomach. Consequently, the ongoing 

degradation of starch is stopped.  
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Digestion in the small intestine: The acidic dietary contents of the stomach, on 

reaching small intestine, are neutralized by bicarbonate produced by pancreas. The 

pancreatic α-amylase acts on starch and continues the digestion process. Amylase 

specifically acts on α -l,4-glycosidic bonds and not on α-1,6-bonds. The resultant 

products are disaccharides (maltose, isomaltose) and oligosaccharides.  

The final digestion of di- and oligosaccharides to monosaccharides primarily occurs at 

the mucosal lining of the upper jejunum. This is carried out by oligosaccharidases (e.g. 

glucoamylase acting on amylose) and disaccharidases (e.g. maltase, sucrase, lactase). 

The enzyme sucrase is capable of hydrolysing a large quantity of table sugar (sucrose). 

In contrast, Iactase (β-

galactosidase) is the rate 

limiting, and, consequently, 

the utilization of milk sugar 

(lactose) is limited in 

humans. 

 

Absorption of 

monosaccharides: The 

principal monosaccharides produced by the digestion of carbohydrates are glucose, 

fructose and galactose. Of these, glucose accounts for nearly 80% of the total 

monosaccharides. The absorption of sugars mostly takes place in the duodenum and 

upper jejunum of small intestine.  

There exists a considerable variation in the absorption of different monosaccharides. 

The relative rates of absorption of important monosaccharides in comparison with 

glucose are given below  

Glucose (100), Galactose (110), Fructose (43), Mannose (20), Xylose (15), Arabinose (9).   

It is observed that hexoses are more rapidly absorbed than pentoses. Further, among 

the monosaccharides, galactose is most efficiently absorbed followed by glucose and 

fructose. Insulin has no effect on the absorption of sugars. 
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Mechanism of absorption: Different sugars possess different mechanisms for their 

absorption. Glucose is transported into the intestinal mucosal cells by a carrier 

mediated and energy requiring process. Glucose and Na+ share the same transport 

system (symport) which is 

referred to as sodium- 

dependent glucose transporter. 

The concentration of Na+ is 

higher in the intestinal lumen 

compared to mucosal cells.  

Na+, therefore, moves into the 

cells along its concentration 

gradient and simultaneously 

glucose is transported into the 

intestinal cells. This is mediated 

by the same carrier system. Thus, Na+ diffuses into the cell and it drags glucose along 

with it. The intestinal Na+ gradient is the immediate energy source for glucose 

transport. This energy is indirectly supplied by ATP since the reentry of Na+ (against 

the concentration gradient) into the intestinal lumen is an energy requiring active 

process. The enzyme Na+-K+ ATPase is involved in the transport of Na+ in exchange of 

K+ against the concentration gradient 

Absorption of fructose: Fructose absorption is relatively simple. It does not require 

energy and is independent of Na+ transport. Fructose is transported by facilitated 

diffusion mediated by a carrier. Inside the epithelial cell, most of the fructose is 

converted to glucose. The latter then enters the circulation. Pentoses are absorbed by a 

process of simple diffusion 

6.5.2 PROTEINS:  The proteins subjected to digestion and absorption are obtained from 

two sources dietary and endogenous. The intake of dietary protein is in the range of 50-

100 g/day. About 30-100 g/day of endogenous protein is derived from the digestive 

enzymes and worn out cells of the digestive tract. The digestion and absorption of 

proteins is very efficient in healthy humans, hence very little protein (about 5-10 g/day) 

is lost through feces. 
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Dietary proteins are denatured on cooking and therefore, easily digested. Proteins are 

degraded by a class of enzymes namely hydrolases-which specifically cleave the peptide 

bonds, hence known as peptidases. They are divided into two groups. 

1. Endopeptidases (proteases) which attack the internal peptide bonds and release 

peptide fragments, e.g. pepsin, trypsin. 2. Exopeptidases which act on the peptide bonds 

of terminal amino acids. Exopeptidases are subdivided into carboxypeptidases (act on 

C- terminal amino acid) and aminopeptidases (act on N-terminal amino acid). The 

proteolytic enzymes responsible for the digestion of proteins are produced by the 

stomach, the pancreas and the small intestine. Proteins are not digested in the mouth 

due to the absence of proteases in saliva. 

 Digestion of proteins by gastric secretion: Protein digestion begins in the stomach. 

Gastric juice produced by stomach contains hydrochloric acid and a protease 

proenzyme namely pepsinogen.  

Hydrochloric acid: The pH of the stomach is < 2 due to the presence of HCl, secreted by 

parietal (oxyntic) cells of gastric gland. This acid performs two important functions-

denaturation of proteins and killing of 

certain microorganisms. The denatured 

proteins are more susceptible to proteases 

for digestion.  

Pepsin: Pepsin (Greek : pepsis-digestion) is 

produced by the serous cells of the stomach 

as pepsinogen, the inactive zymogen or 

proenzyme. Pepsinogen is converted to 

active pepsin either by autocatalysis, brought 

about by other pepsin molecules or by 

gastric HCI (pH < 2). Removal of a fragment 

of polypeptide chain makes the inactive 

enzyme active after attaining a proper 

conformation. 

Pepsin is an acid-stable endopeptidase optimally active at a very low pH (2.0).  The 

active site of the enzyme contains two carboxyl groups, which are maintained at low pH. 



Unit-6: Digestive system: GI tract, GI hormones, Pancreas. 
 

KSOU-BC-1.3; Block-2: Unit-6 Page 98 
 

Pepsin A is the most predominant gastric protease which preferentially cleaves peptide 

bonds formed by of phenylalanine or tyrosine or leucine. Pepsin digestion of proteins 

results in peptides and a few amino acids which act as stimulants for the release of the 

hormone cholecystokinin from the duodenum.  

Rennin: This enzyme, also called chymosin, is found in the stomach of infants and 

children. Rennin is involved in the curdling of milk. It converts milk protein casein to 

calcium paracaseinate which can be effectively digested by pepsin. Rennin is absent in 

adults.  

Digestion of proteins by pancreatic proteases: The proteases of pancreatic juice are 

secreted as zymogens (proenzymes) and then converted to active forms. These 

processes are initiated by the release of two polypeptide hormones, namely 

cholecystokinin and secretin from the intestine  

Release and activation of zymogens: The key enzyme for activation of zymogen is 

entero-peptidase (formerly enterokinase) produced by intestinal (mostly duodenal) 

mucosal epithelial cells. Enteropeptidase cleaves off a hexapeptide (6 amino acid 

fragment) from the N-terminal end of trypsinogen to produce trypsin, the active 

enzyme. Trypsin, in turn, activates other trypsinogen molecules (autocatalysis). Further, 

trypsin is the common activator of all other pancreatic zymogens to produce the active 

proteases, namely chymotrypsin, elastase and carboxypeptidases (A and B).  

Specificity and action of pancreatic proteases: Trypsin, chymotrypsin and elastase 

are endopeptidases active at neutral pH. Gastric HCl  is neutralized by pancreatic 

NaHCO3 in the intestine and this creates favorable pH for the action of proteases. For 

instance, trypsin cleaves the 

peptide bonds, the carbonyl (-

CO-) group of which is 

contributed by arginine or 

lysine.  

The amino acid serine is 

essential at the active centre to bring about the catalysis of all the three pancreatic 

proteases; hence these enzymes are referred to as serine proteases.  
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Action of carboxypeptidases: The pancreatic carboxypeptidases (A and B) are 

metalloenzymes that are dependent on Zn2+ for their catalytic activity; hence they are 

sometimes called Zn-proteases. They also possess certain degree of substrate specificity 

in their action. For example, carboxypeptidase B acts on peptide bonds of COOH-

terminal amino acid, the amino group of which is contributed by arginine or lysine. The 

combined action of pancreatic proteases results in the formation of free amino acids 

and small peptides (2-8  amino acids).  

Digestion of proteins by small intestinal enzymes: The luminal surface of intestinal 

epithelial cells contains aminopeptidases and dipeptidases. Aminopeptidase is a non-

specific exopeptidase which repeatedly cleaves N-terminal amino acids one by one to 

produce free amino acids and smaller peptides. The dipeptidases act on different 

dipeptides to liberate amino acids.   

Absorption of amino acids and dipeptides: The free amino acids, dipeptides and to 

some extent tripeptides are absorbed by intestinal epithelial cells. The di- and 

tripeptides, after being absorbed are hydrolysed into free amino acids in the cytosol of 

epithelial cells. The activities of dipeptidases are high in these cells. Therefore, after a 

protein meal, only the free amino acids are found in the portal vein.  

The small intestine possesses an efficient system to absorb free amino acids. L-Amino 

acids are more rapidly absorbed than D-amino acids. The transport of L-amino acids 

occurs by an active process (against a concentration gradient), in contrast to D-amino 

acids which takes place by a simple diffusion.  

Mechanism of amino acid absorption: Amino acids are primarily absorbed by a 

similar mechanism, as described for the transport of D-glucose. It is basically a Na+-

dependent active process linked with the transport of Na+. As the Na+ diffuses along the 

concentration gradient, the amino acid also enters the intestinal cell. Both Na+ and 

amino acids share a common carrier and are transported together. The energy is 

supplied indirectly by ATP. 

 A Na+-independent system of amino acid transport across intestinal cells has also been 

identified. The compound cytochalasin B inhibits Na+-independent transport system. 

Another transport system to explain the mechanism of amino acid transfer across 

membrane in the intestine and kidney has been put forth. This is known as γ-glutamyl 
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cycle or Meister cycle and involves a tripeptide namely glutathione (γ-

glutamylcysteinylglycine). Three ATP are utilized for the transport of a single amino 

acid by this cycle. For this season, Meister cycle is not a common transport system for 

amino acid. However, this cycle is operative for rapid transport of cysteine and 

glutamine. The γ-glutamyl cycle appears to be important for the metabolism of 

glutathione, since this tripeptide undergoes rapid turnover in the cells.  

6.5.3 LIPIDS: There is considerable variation in the daily consumption of lipids which 

mostly depends on the economic status and dietary habits. The intake of lipids is much 

less (often < 60 g/day) in poorer sections of the society, particularly in the less 

developed countries. In the developed countries, an adult ingests about 60-150 g of 

lipids per day. Of this, more than 90% is fat (triacylglycerol).  The rest of the dietary 

lipid is made up of phospholipids, cholesterol, cholesteryl esters and free fatty acids. 

Lipids are insoluble or sparingly soluble in aqueous solution. The digestive enzymes, 

however, are present in aqueous medium. This poses certain problems for the digestion 

and absorption of lipids. Fortunately, the digestive tract possesses specialized 

machinery to  

1. Increase the surface area of lipids for digestion;  

2. Solubilize the digested products for absorption.  

Minor digestion of lipids in the stomach: The digestion of lipids is initiated in the 

stomach, catalysed by acid-stable lipase. This enzyme (also called lingual lipase) is 

believed to originate from the glands at the back of tongue. Stomach contains a separate 

gastric lipase which can degrade fat containing short chain fatty acids at neutral pH. The 

digestion of lipids in the stomach of an adult is almost negligible, since lipids are not 

emulsified and made ready for lipase action. Further, the low pH in the stomach is 

unfavorable for the action of gastric lipase.  

In case of infants, the milk fat (with chain fatty acids) can be hydrolysed by gastric 

lipase to some extent. This is because the stomach pH of infants is close to neutrality, 

ideal for gastric lipase action. 

Emulsification of lipids in the small intestine: Emulsification is the phenomenon of 

dispersion of lipids into smaller droplets due to reduction in the surface tension. This is 

accompanied by increase in the surface area of lipid droplets. Emulsification is essential 

for effective digestion of lipids, since the enzymes can act only on the surface of lipid 
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droplets. More correctly, lipases act at the interfacial area between the aqueous and 

lipid phase.  

The process of emulsification occurs by three complementary mechanisms, 

 1.  Detergent action of bile salts;  

2. Surfactant action of degraded lipids;  

3. Mechanical mixing due to peristalsis. 

1. Bile salts: The terms bile salts and bile acids are often used interchangeably. At 

physiological pH, the bile acids are mostly present as anions. Bile salts are the biological 

detergents synthesized from cholesterol in the liver. They are secreted with bile into the 

duodenum. Bile salts possess steroid nucleus, the side chain of which is attached to 

either glycine (glycocholic acid) or taurine (taurocholic acid). Bile salts are the most 

effective biological emulsifying agents. They interact with lipid particles and the 

aqueous duodenal contents and convert them into smaller particles (emulsified 

droplets). Further, bile salts stabilize the smaller particles by preventing them from 

coalescing.  

2. Surfactant action of degraded lipids:  The initial digestive products of lipids 

(catalysed by lipase) namely free fatty acids, monoacylglycerols promote emulsification. 

These compounds along with phospholipids are known as surfactants. They are 

characterized by possessing polar and non-polar groups. Surfactants get absorbed to 

the water-lipid interfaces and increase the interfacial area of lipid droplets. Thus the 

initial action of the enzyme lipase helps in further digestion of lipids.  

3. Besides the action of bile salts and surfactants, the mechanical mixing due to 

peristalsis also helps in the emulsification of lipids. The smaller lipid emulsion droplets 

are good substrates for digestion.  

Digestion of lipids by pancreatic enzymes: The pancreatic enzymes are primarily 

responsible for the degradation of dietary triacyl-glycerols, cholesteryl esters and 

phospholipids.  

Degradation of triacylglycerols (fat): Pancreatic lipase is the major enzyme that 

digests dietary fats. This enzyme preferentially cleaves fatty acids (particularly long 

chain, above 10 carbons) at position 1 and 3 of triacyl-glycerols. The products are 2-

monoacylglycerol (formerly 2-monoglyceride) and free fatty acids.  The activity of 

pancreatic lipase is inhibited by bile acids which are present along with the enzyme in 

the small intestine. This problem is overcome by a small protein, colipase (mol. wt. 
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12,000). It is also secreted by pancreas as procolipase and converted to active form by 

trypsin. Colipase binds at the lipid-aqueous interface and helps to anchor and stabilize 

lipase.  

Lipid esterase is a less specific enzyme present in pancreatic juice. It acts on 

monoacylglycerols, 

cholesteryl esters, vitamin 

esters etc. to liberate free 

fatty acids. The presence of 

bile acids is essential for the 

activity of lipid esterase.  

Degradation of cholesteryl esters: A specific enzyme namely pancreatic cholesterol 

esterase (cholesteryl ester hydrolase) cleaves cholesteryl esters to produce cholesterol 

and free fatty acids.  

Degradation of phospholipids: Phospholipases are enzymes responsible for the 

hydrolysis of phospholipids. Pancreatic juice is rich in phospholipase A2 which cleaves 

the fatty acid at the 2nd position of phospholipids. The products are a free fatty acid and 

a lysophospholipid. Phospholipase is secreted as a zymogen which is activated in the 

intestine by the action of trypsin.   

Absorption of lipids: The former and present theories to explain the absorption of 

lipids are briefly described hereunder  

1. lipolytic theory put forth by Verzar: According to this, fats are completely hydrolysed 

to glycerol and free fatty acids. The latter are absorbed either as soaps or in association 

with bile salts.  

2. Partition theory proposed by Frazer: This theory states that the digestion of 

triacylglycerols is partial and not complete. The partially digested triacylglycerols, in 

association with bile salts, form emulsions. The lipids are taken up by the intestinal 

mucosal cells. As per this theory, resynthesis of lipids is not necessary for their entry 

into the circulation. 

3. Bergstrom theory: This is a more recent and comprehensive theory to explain lipid 

absorption. It has almost replaced the earlier theories, and is briefly described 

hereunder. The primary products obtained from the lipid digestion are 2-

monoacylglycerol, free fatty acids and free cholesterol.  
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Role of bile salts in lipid absorption: Besides their participation in digestion, bile salts 

are essential for absorption of lipids. Bile salts form mixed micelles with lipids. These 

micelles are smaller in size than the lipid emulsion droplets (utilized for digestion, 

described above). The micelles have a disk like shape with lipids (monoacylglycerol, 

fatty acids, cholesterol and phospholipids) at the interior and bile salts at the periphery. 

The hydrophilic groups of the lipids are oriented to the outside (close to the aqueous 

environment) and the hydrophobic groups to the inside. In this fashion, the bile salt 

micelles exert a solubilizing effect on the lipids. 

Mechanism of lipid absorption: The mixed micelles serve as the major vehicles for the 

transport of lipids from the intestinal lumen to the membrane of the intestinal mucosal 

cells, the site of lipid absorption. The lipid components pass through the unstirred fluid 

layer and are absorbed through the plasma membrane by diffusion. Absorption is 

almost complete for monoacylglycerols and free fatty acids which are slightly water 

soluble. However, for water insoluble lipids, the absorption is incomplete. For instance, 

less than 4O% of the dietary cholesterol is absorbed.  

The micelle formation is also essential for the absorption of fat soluble vitamins, 

particularly vitamins A and K.  

The efficiency of lipid absorption is dependent on the quantity of bile salts to solubilize 

digested lipids in the mixed micelles. It may, however, be noted that in the absence of 

bile salts, the lipid absorption occurs to a minor extent. This is mostly due to the slightly 

water soluble nature of monoacylglycerols  and free fatty acids. Further, short and 

medium chain fatty acids are not dependent on  micelle formation for the absorption. 

 

6.6 MECHANISM OF HCl PRODUCTION IN THE STOMACH: The stomach secretes 

about 2L of hydrochloric acid per day. The concentration of hydrogen ions in the 

stomach’s lumen may reach 150 mM, 3 million times greater than the concentration in 

the blood.  

Primary H,K-ATPases in the luminal membrane of the parietal cells pump hydrogen ions 

into the stomach’s lumen. This primary active transporter also pumps potassium into 

the cell, which then leaks back into the lumen through potassium channels.  

Excessive vomiting can lead to potassium depletion due to this leak. As hydrogen ions 

are secreted into the lumen, bicarbonate ions are being secreted on the opposite side of 
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the cell into the blood, in exchange for chloride ions. This addition of bicarbonate lowers 

the acidity in the venous blood from the stomach. 

Increased acid secretion, stimulated by factors described in the next paragraph, is the 

result of the transfer of H,K-ATPase proteins from the membranes of intracellular 

vesicles to the plasma membrane by fusion of these vesicles with the membrane, thus 

increasing the number of pump proteins in the plasma membrane.  

Four chemical messengers regulate the insertion of H,K-ATPases into the plasma 

membrane and hence acid secretion: gastrin (a GI hormone), acetylcholine (ACh, a 

neurotransmitter), histamine, and somatostatin (two paracrine agents). Parietal cell 

membranes contain receptors for all four of these agents. Somatostatin inhibits acid 

secretion, while the other three stimulate secretion. Histamine is particularly important 

in stimulating acid secretion in that it markedly potentiates the response to the other 

two stimuli, gastrin and ACh. As will be discussed later when considering ulcers, this 

potentiating effect of histamine is the reason that drugs that block histamine receptors 

in the stomach suppress acid secretion. Not only do these chemical messengers act 

directly on the parietal cells, they also influence each other’s secretion. 

During a meal, the rate of acid secretion increases markedly as stimuli arising from the 

cephalic, gastric, and intestinal phases alter the release of the four chemical messengers 

described in the previous paragraph. During the cephalic phase, increased activity of the 

parasympathetic nerves to the stomach’s enteric nervous system results in the release 

of ACh from the plexus neurons, gastrin from the gastrin-releasing cells, and histamine 

from ECL cells.  

Once food has reached the stomach, the gastric phase stimuli distension by the volume 

of ingested material and the presence of peptides and amino acids released by digestion 

of luminal proteins produce a further increase in acid secretion. These stimuli use some 

of the same neural pathways used during the cephalic phase, in that nerve endings in 

the mucosa of the stomach respond to these luminal stimuli and send action potentials 

to the enteric nervous system, which in turn, can relay signals to the gastrin-releasing 

cells, histamine-releasing cells, and parietal cells. In addition, peptides and amino acids 

can act directly on the gastrin-releasing endocrine cells to promote gastrin secretion. 

The concentration of acid in the gastric lumen is itself an important determinant of the 

rate of acid secretion for the following reason. Hydrogen ions (acid) stimulate the 

release of somatostatin from endocrine cells in the gastric wall. Somatostatin then acts 
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on the parietal cells to inhibit acid secretion; it also inhibits the release of gastrin and 

histamine. The net result is a negative-feedback control of acid secretion; as the acidity 

of the gastric lumen increases, it turns off the stimuli that are promoting acid secretion.  

Increasing the protein content of a meal increases acid secretion. This occurs for two 

reasons. First, the more protein ingested, the more peptides are generated in the 

stomach’s lumen, and these peptides, as we have seen, stimulate acid secretion. The 

second reason is more complicated and reflects the effects of proteins on luminal 

acidity. Before food enters the stomach, the H+ concentration in the lumen is high 

because here are few buffers present to bind any secreted hydrogen ions; therefore, the 

rate of acid secretion is low because high acidity inhibits acid secretion. The protein in 

food is an excellent buffer however, and so as protein enters the stomach the H+ 

concentration drops as the hydrogen ions bind to the proteins. This decrease in acidity 

removes the inhibition of acid secretion. The more protein in a meal, the greater the 

buffering of acid, and the more acid secreted. 

We now come to the intestinal phase controlling acid secretion, the phase in which 

stimuli in the early portion of the small intestine influence acid secretion by the 

stomach. First, high acidity in the duodenum triggers reflexes that inhibit gastric acid 

secretion. This inhibition is beneficial for the following reason. The digestive activity of 

enzymes and bile salts in the small intestine is strongly inhibited by acidic solutions, 

and this reflex ensures that acid secretion by the stomach will be reduced whenever 

chyme entering the small intestine from the stomach contains so much acid that it 

cannot be rapidly neutralized by the bicarbonate-rich fluids simultaneously secreted 

into the intestine by the liver and pancreas. 

Acid, distension, hypertonic solutions, and solutions containing amino acids, and fatty 

acids in the small intestine reflex inhibit gastric acid secretion. Thus, the extent to which 

acid secretion is inhibited during the intestinal phase varies; depending upon the 

volume and composition of the intestinal contents, but the net result is the same 

balancing the secretory activity of the stomach with the digestive and absorptive 

capacities of the small intestine. 

The inhibition of gastric acid secretion during the intestinal phase is mediated by short 

and long neural reflexes and by hormones that inhibit acid secretion by influencing the 

four signals directly controlling acid secretion: ACh, gastrin, histamine, and 

somatostatin. The hormones released by the intestinal tract that reflexly inhibit gastric 
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activity are collectively called enterogastrones and include secretin, CCK, and additional 

unidentified hormones. 

6.7 GASTROINTESTINAL HORMONES: The digestion and absorption of nutrients is a 

complicated process which is regulated by the autonomic nervous system. This occurs 

in association with peptide hormones of gastrointestinal tract (GIT).  

The specialized cells lining the GIT are responsible for the production of GIT hormones. 

Hence   GIT may be considered as the largest mass of cells that secrete hormones. A 

large number of GIT hormones have been identified. However, only four GIT hormones 

have been well characterised. 

1. Gastrin: This hormone contains 17 amino acids and is produced by gastric mucosa. It 

stimulates the secretion of gastric HCI and pepsinogen (proenzyme of pepsin). The 

release of gastrin is stimulated by vagus nerve of stomach and partially digested 

proteins. HCI and certain other hormones inhibit gastrin release. 

2. Secretin: It is a 27-amino acid containing polypeptide and resembles glucagon in 

many ways. Secretin is synthesized by the mucosa of the upper small intestine. It is 

released in response to the presence of HCI in chyme in the duodenum which is passed 

on from the stomach. Secretin stimulates pancreatic cells to produce bicarbonate (HCO-

3) in order to neutralize HCl.  

3. Cholecystokinin (CCK): It contains 33 amino acids and is produced by the upper 

part of small intestine. The secretion of CCK is stimulated by the products of protein and 

lipid digestion, namely peptides, amino acids, mono or diacylglycerols, fatty acids and 

glycerol. Cholecystokinin stimulates the contraction of gall bladder and increases the 

flow of bile into duodenum. It also promotes the secretion of digestive enzymes and 

HCO3- from pancreas. 

4. Gastric inhibitory peptide (GIP): It contains 43 amino acids and is produced by 

duodenal mucosa. The release of GIP is stimulated by the presence of glucose in the gut. 

The most important function of GIP is to stimulate the release of insulin from pancreas. 

This is evident from the fact that the plasma insulin level is elevated much before the 

increases in blood glucose. GIP also inhibits gastric HCl secretion, gastric motility and its 

emptying. 
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6.8 ROLE OF PANCREAS: The pancreas is very important organ in the digestion system 

and the circulatory system because it helps to maintain our blood sugar levels. The 

pancreas is considered to be part of the gastrointestinal system. It produces digestive 

enzymes to be released into the small intestine to aid in reducing food particles to basic 

elements that can be absorbed by the intestine and used by the body. It has another 

very different function in that it forms insulin, glucagon and other hormones to be sent 

into the bloodstream to regulate blood sugar levels and other activities throughout the 

body. 

It has a pear-shape to it and is approximately 6 inches long. It is located in the middle 

and back portion of the abdomen. The pancreas is connected to the first part of the 

small intestine, the duodenum, and lies behind the stomach. The pancreas is made up of 

glandular tissue: any substance secreted by the cells of the pancreas will be secreted 

outside of the organ. 

The digestive juices produced by the pancreas are secreted into the duodenum via a Y-

shaped duct, at the point where the common bile duct from the liver and the pancreatic 

duct join just before entering the duodenum. The digestive enzymes carried into the 

duodenum are representative of the exocrine function of the pancreas, in which specific 

substances are made to be passed directly into another organ. The pancreas is both an 

exocrine and an endocrine organ. 

The pancreas is unusual among the body's glands in that it also has a very important 

endocrine function. Small groups of special cells called islet cells throughout the organ 

make the hormones of insulin and glucagon. These, of course, are hormones that are 

critical in regulating blood sugar levels. These hormones are secreted directly into the 

bloodstream to affect organs all over the body. 

No organ except the pancreas makes significant amounts of insulin or glucagon. 

Insulin acts to lower blood sugar levels by allowing the sugar to flow into cells. Glucagon 

acts to raise blood sugar levels by causing glucose to be released into the circulation 

from its storage sites. Insulin and glucagon act in an opposite but balanced fashion to 

keep blood sugar levels stable. 
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A healthy working pancreas in the human body is important for maintaining good 

health by preventing malnutrition, and maintaining normal levels of blood sugar. The 

digestive tract needs the help of the enzymes produced by the pancreas to reduce food 

particles to their simplest elements, or the nutrients cannot be absorbed. Carbohydrates 

must be broken down into individual sugar molecules. Proteins must be reduced to 

simple amino acids. Fats must be broken down into fatty acids. The pancreatic enzymes 

are important in all these transformations. The basic particles can then easily be 

transported into the cells that line the intestine, and from there they can be further 

altered and transported to different tissues in the body as fuel sources and construction 

materials. Similarly, the body cannot maintain normal blood sugar levels without the 

balanced action of insulin and glucagon. 

The pancreas contains exocrine and endocrine cells. Groups of endocrine cells, the islets 

of Langerhans, secrete two hormones. The beta cells secrete insulin; the alpha cells 

secrete glucagon. The level of sugar in the blood depends on the opposing action of 

these two hormones. 

Insulin decreases the concentration of glucose in the blood. Most of the glucose enters 

the cells of the liver and skeletal muscles. In these cells, this monosaccharide is 

converted to the polysaccharide glycogen. Therefore, insulin promotes glycogenesis 

(glycogen formation), stimulating the breakdown of glycogen into glucose for release 

into the blood. 

Insulin deficiency leads to the development of diabetes mellitus, specifically type I, 

juvenile diabetes. As the pancreas does not produce sufficient insulin, it is treated by 

insulin injections. In type II or maturity onset diabetes, the pancreas does produce 

enough insulin, but the target cells do not respond to it. 

As already stated, the pancreas is a mixed gland having both endocrine and exocrine 

functions. The exocrine portion secretes digestive enzymes into the duodenum via the 

pancreatic duct. The endocrine portion secretes two hormones, insulin and glucagon, 

into the blood. 

Insulin is a hormone that acts directly or indirectly on most tissues of the body, with the 

exception of the brain. The most important action of insulin is the stimulation of the 

uptake of glucose by many tissues, particularly the liver, muscle and fat. The uptake of 
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glucose by the cells decreases blood glucose and increases the availability of glucose for 

the cellular reactions in which glucose participates. Thus, glucose oxidation, fat 

synthesis, and glycogen synthesis are all accentuated by an uptake of glucose. It is 

important to note that insulin does not alter glucose uptake by the brain, nor does it 

influence the active transport of glucose across the renal tubules and gastrointestinal 

epithelium. 

As stated, insulin stimulates glycogen synthesis. In addition, it also increases the activity 

of the enzyme that catalyzes the rate-limiting step in glycogen synthesis. Insulin also 

increases triglyceride levels by inhibiting triglyceride breakdown, and by stimulating 

production of triglyceride through fatty acid and glycerophosphate synthesis. The net 

protein synthesis is also increased by insulin, which stimulates the active membrane 

transport of amino acids, particularly into muscle cells. Insulin also has effects on other 

liver enzymes, but the precise mechanisms by which insulin induces these changes are 

not well understood. 

Insulin is secreted by beta cells, which are located in the part of the pancreas known as 

the islets of Langerhans. These groups of cells, which are located randomly throughout 

the pancreas, also consist of other secretory cells called alpha cells. It is these alpha cells 

that secrete glucagon. Glucagon is a hormone that has the following major effects: it 

increases hepatic synthesis of glucose from pyruvate, lactate, glycerol, and amino acids 

(a process called gluconeogenesis, which also raises the plasma glucose level); and it 

increases the breakdown of adipose tissue triglyceride, thereby raising the plasma 

levels of fatty acids and glycerol. The glucagon secreting alpha cells in the pancreas, like 

the beta cells, respond to changes in the concentration of glucose in the blood flowing 

through the pancreas; no other nerves or hormones are involved. 

It should be noted that glucagon has the opposite effects of insulin. Glucagon elevates 

the plasma glucose, whereas insulin stimulates its uptake and thereby reduces plasma 

glucose levels; glucagon elevates fatty acid concentrations, whereas insulin converts 

fatty acids and glycerol into triglycerides, thereby inhibiting triglyceride breakdown. 

The alpha and beta cells of the pancreas make up a push-pull system for regulating the 

plasma glucose level. 
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6.9 SUMMARY:  
1. Digestion is a process that converts complex food stuffs into simpler ones which can 

be readily absorbed by the gastrointestinal tract.  

2. Stomach, duodenum and upper part of small intestine are the major sites of digestion. 

The small intestine is the prime site for the absorption of digested  foods. 

3. The digestion of carbohydrates is initiated in the mouth by salivary amylase 

completed in the small intestine by pancreatic amylase, oligosaccharidases ond 

disaccharidases. 

4. Monosaccharides are the final absorbable products of carbohydrate digestion. 

Glucose is transported into the intestinal mucosal cells by a carrier mediated, Na+-

dependent energy requiring process. 

5. Lactose intolerance due to a defect in the enzyme loctose (β-galactosidase) resulting 

in the inability to hydrolyse lactose (milk sugar) is the common abnormality of 

corbohydrate digestion. 

6. Protein digestion begins in the stomach by pepsin, which is aided by gastric HCl. 

Pancreatic proteases (trypsin, chymotrypsin and elastase) and intestinal amino 

peptidases and dipeptidases complete the degradation of proteins to amino acids and 

some dipeptides. 

7. The intestinal absorption of amino acids occurs by different transport systems. The 

uptake of amino acids is primarily a Na+-dependent energy requiring process. 

8. Digestion of lipids occurs in the small intestine. Emulsification of lipids, brought about 

by bile salts, is a prerequisite for their digestion. Pancreatic lipase aided by a colipase 

degrades triacylglycerol to 2-monoacylglycerol and free fatty acids. Cholesterol esterase 

and phospholipases, respectively, hydrolyse cholesteryl esters and phospholipids.  

9. Lipid absorption occurs through mixed micelles, formed (primarily 2-

monoacylglycerol, cholesterol and free fatty the absorbed components and packed as 

chylomicrons which enter the lymphatic vessels and then the blood. 
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Region Function 

Oral cavity 
 

Ingests food; receives saliva; grinds food and mixes it with 
saliva(mastication); initiates digestion of carbohydrates; forms and 
swallows soft mass of chewed food called bolus (deglutition) 

Pharynx Receives bolus from oral cavity; automatically continues deglutition of 
bolus to esophagus 

Esophagus Transports bolus to stomach by peristalsis; lower esophageal sphincter 
restricts backflow of food 

Stomach Receives bolus from esophagus; churns, bolus with gastric juice; initiates 
digestion of proteins; carries out limited absorption; moves mixture of 
partly digested food and secretions (chyme) to duodenum and prohibits 
backflow of chyme; regurgitates when necessary; generates hunger pangs, 
which cause a desire to eat. 

Small 
intestine 

Receives chyme from stomach and secretions form liver and pancreas; 
chemically and mechanically breaks down chyme; absorbs nutrients; 
transports wastes through peristalsis to large intestine; prohibits 
backflow of intestinal wastes from large intestine. 

Large 
intestine 

Receives undigested wastes from small intestine; absorbs water and 
electrolyte; forms, stores, and expels feces when activated by a defecation 
reflex. 

 
Time required for human digestion 

 
Digestive 

structure 

Primary function Time food spends 

Mouth Mechanical & chemical digestion 5-30s 

Esophagus Transport (swallowing) 10s 

Stomach Mechanical & chemical digestion 2-24h 

Small 

intestine 

Mechanical & chemical digestion 3-4 h 

Large 

intestine 

Water absorption 18-48 h  
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Important enzymes of digestive system 

Enzyme Origin of 
enzyme 

Where enzyme 
acts/pH 

Nutrient 
molecule 
digested 

Products of 
digestion 

Salivary amylase Salivary glands Mouth/7 Starch, Glycogen Maltose 
(Disaccharide) 

Pancreatic 
amylase 

Pancreas Small intestine/8 Starch, Glycogen Maltose 

Carbohydratases 
Sucrase 
Maltase 
Lactase 

 
 
Small intestine 

 
 
Small intestine/8 

 
Sucrose 
Maltose 
Lactose 

 
Glucose+fructose 
Glucose 
Glucose + 
galactose 

Pancreatic 
lipase 

Pancreas Small intestine/8 Lipids Fatty acids & 
glycerol 

Proteases 
Pepsin 
Trypsin 
Chymotrypsin 

 
Stomach 
Pancreas 
Pancreas 

 
Stomach/ 1-2 
Small intestine/8 
Small intestine/8 

 
Protein 
Small 
polypeptides 
Small 
polypeptides 

 
Peptides 
Small peptides 
Small peptides 

Peptidases Pancreas & 
Small intestine 

Small intestine/8 Peptides Smaller peptides 
&  
Amino acids. 

 

 

 
 
 

 



Unit-6: Digestive system: GI tract, GI hormones, Pancreas. 
 

KSOU-BC-1.3; Block-2: Unit-6 Page 113 
 

 

6.10 KEY WORDS: Gastro intestinal tract, Digestion, Absorption, Carbohydrates, 

Proteins, Lipids, HCl production, Gastro-intestinal hormones, Pancreas.  

 

6.11 QUESTIONS FOR SELF STUDY 

1. With the help of a diagram explain the parts of the human digestive system 

2. Describe the composition and functions of digestive juices 

3. Explain chemical digestion of major food substances. 

4. Write a note on the absorption of a) carbohydrates b) proteins and c) lipids 

5. Describe the mechanism of HCl production in the stomach 

6. Give an account of gastrointestinal hormones 

7. Explain the endocrine and exocrine role of pancreas in digestion 
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BC 1.3: PHYSIOLOGY AND NUTRITION 

BLOCK-II: PHYSIOLOGY. 

 

UNIT 7: ENDOCRINE SYSTEM-ENDOCRINE ORGANS IN MAN. HIERARCHY AND 

REGULATION OF HORMONE RELEASE. FEED-BACK MECHANISMS. STRUCTURE AND 

CONTROL OF HYPOTHALAMUS, GHRH, SOMATOSTATIN, TRH, CRH, GnRH. 
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7.0 OBJECTIVE: After thoroughly studying this unit, you should be able to, 

 Name the endocrine organs in man. 

 Describe what hormones are and how they work. 

 Explain how release of hormones is controlled in human body. 

 Understand the role of hypothalamus and the functions of its hormones. 

 

7.1 INTRODUCTION: The endocrine system is one of two systems that control and 

coordinate many functions to keep our bodies working in balance, called homeostasis. 

Our nervous system uses electrical impulses; the endocrine system uses chemicals 

called hormones. Hormones usually work more slowly than nerves, but can have longer 

lasting effects. The endocrine system is made of 9 major glands located throughout our 

body. Together, these glands make dozens of chemical messengers called hormones and 

release them directly into the blood stream that surrounds the glands. The endocrine 

system plays an important part in homeostasis. Using chemicals, our endocrine system 

regulates our metabolic rate, growth rate and how our body develops. Lab tests are 

used to diagnose and manage health conditions caused by imbalances in hormones and 

chemicals. In this unit we will learn in detail 

about various endocrine organs in man. How 

hormones work and how their release is 

regulated by other hormones. Following 

completion of a particular physiological 

change how the secretion of each hormone is 

regulated called feed-back regulation. In 

addition we will also learn about structure 

and control of hypothalamus and its 

hormones. 

 

7.2 ENDOCRINE GLANDS:  Glands are a 

group of cells that produce and release 

hormones directly into our blood stream in a process called secretion. There are 2 types 

of glands. Exocrine glands have ducts or channels which secrete chemicals such as 

saliva or sweat. Endocrine glands do not have ducts; they secrete hormones directly 

into the blood stream to affect tissues distant from the site of secretion. These secretory 
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products, by definition, are hormones. Because endocrine organs secrete directly into 

the blood they haven't got the elaborate duct system of exocrine glands: basically 

they're masses of cells with blood vessels running through them.  

Hypothalamus: The hypothalamus is located in the brain and links the nervous and 

endocrine systems to each other. It secrets hormones that put the pituitary gland into 

action. 

Pineal Gland: The pineal gland is a small, pine-cone shaped endocrine gland in the 

brain. It produces melatonin, a derivative of serotonin, a hormone that affects 

wake/sleep patterns and seasonal functions. 

Pituitary gland: The pituitary gland, or hypophysis, is an endocrine gland about the 

size of a pea. It weighs less than an ounce and is one of the most important organs in the 

body. It is located at the base of the brain and is closely connected to the hypothalamus. 

The pituitary gland secretes nine hormones that regulate homeostasis by stimulating 

other endocrine glands to produce and secrete their own hormones. The pituitary gland 

has two components: the anterior (front) pituitary (or adenohypophysis) and the 

posterior (back) pituitary (neurohypophysis).  The anterior lobe makes up most of the 

gland and releases the majority of the hormones. The smaller posterior lobe stores 

hormones but does not make them. It links the endocrine system with the nervous 

system by way of the hypothalamus. The pituitary gland is known as the ‘master’ 

endocrine gland. The hypothalamus controls the production of hormones in both lobes. 

The pituitary gland produces many important hormones, some of which act on other 

glands to make them produce hormones. The pituitary gland releases at least 9 

hormones that have important effects on the body—these include the thyroid 

stimulating hormone (TSH), adrenocorticotrophic hormone that stimulates the adrenal 

glands. 

Thyroid: The butter-fly shaped thyroid gland is one of the largest endocrine glands. The 

thyroid gland is in the front of the neck, just below the thyroid cartilage or “Adam’s 

apple”. The isthmus bridges the two lobes of the thyroid and is located below the cricoid 

cartilage. The thyroid gland controls how quickly the body uses energy (metabolism), 

calcium levels in the blood, how the body makes proteins, and how sensitive the body is 

to other hormones. It produces thyroid hormones, the principal ones being 

triiodothyronine (T3), thyroxine which can sometimes be called tetraiodothyronine 

(T4) and calcitonin. These hormones regulate the heart rate, the rate of metabolism and 
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affect the growth and rate of function of many other systems in the body. T3 and T4 are 

made from iodine and tyrosine. Calcitonin slows down the rate at which bone is broken 

down decreasing the amount of calcium dissolved in the blood. 

Parathyroid Gland:  The parathyroid gland controls calcium levels in the blood. The 

parathyroid is a small of glands around by the thyroid gland. They produce the 

parathyroid hormone or PTH, which increases the rate at which broke bone is broken 

down. As a result, more calcium is released into the blood. Parathyroid hormone works 

in partnership with calcitonin from the thyroid gland. The 2 hormones have the 

opposite effect. Through negative feedback they keep the calcium level in the blood 

stable.  

Hormonal output from the thyroid is regulated by the thyroid-stimulating hormone 

(TSH) produced by the anterior pituitary, which itself is regulated by thyrotropin-

releasing hormone (TRH) produced by the hypothalamus. The thyroid gets its name 

from the Greek word for “shield” because of its shape. The most common problems of 

the thyroid gland are overactive thyroid gland, called hyperthyroidism, and an 

underactive thyroid gland, called hypothyroidism. 

Thymus: The thymus is a specialized organ of the immune system. The thymus 

“educates” T-lymphocytes (T cells), which are critical cells of the adaptive immune 

system. 

Adrenal Glands: The small, triangular adrenal glands (also known as suprarenal 

glands) sit atop the kidneys. Each is divided into two distinct anatomic and functional 

organs. The adrenal cortex (the outer region which secretes corticosteroid hormones 

that affect metabolism (that is how food is stored and used), chemicals in the blood, and 

characteristics such as body shape and hairiness. The smaller, inner region-the adrenal 

medulla (which is part of the sympathetic nervous system)-is the body’s first line of 

defense against physical and emotional stress. 

They are mainly responsible for releasing hormones in response to stress through the 

synthesis of corticosteroids such as cortisol and catecholamines such as epinephrine 

(adrenaline) and norepinephrine. They also produce androgens. The adrenal glands 

affect kidney function through the secretion of aldosterone, a hormone that helps 

regulate the osmolarity of blood plasma. The adrenal glands help us deal with stress and 

as well as maintain homeostasis. Disorders of the adrenal glands include congenital 
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defects such as adrenal hyperplasia, tumors, autoimmune disorders, infection, and 

impaired blood supply. 

The adrenal cortex: When looked at under a microscope, the adrenal cortex is made up 

of 3 distinct zones. The outermost zone secretes the hormone aldosterone, which 

inhibits the amount of sodium excreted in the urine, maintaining blood pressure and 

blood volume. The inner and middle zones together secrete hormones hydrocortisone, 

also called cortisol, corticosterone, as well as small amounts of androgen hormones. The 

rate of release and amount of secretion is controlled by other hormones made in the 

hypothalamus and pituitary. 

The adrenal medulla: the adrenal major love is closely related to nervous tissue and 

secretes the hormone epinephrine and norepinephrine in response to stimulation by 

sympathetic nerves. These nerves are most active at times of stress. The release of these 

hormones increases the heart rate and the airways in the lungs in order to pump more 

blood to the large muscles of the skeleton. The airways in the lungs are increased so that 

more oxygen can be taken in. As more blood is sent to the active organs less blood is 

sent to the internal organs. 

Pancreas: The pancreas is a gland organ in the digestive system and endocrine system. 

It is both an endocrine gland-producing several important hormones, including insulin, 

glucagon, somatostatin, and pancreatic polypeptide-and a digestive organ-secreting 

pancreatic juice containing digestive enzymes that help with the absorption of nutrients 

and digestion in the small intestine. These enzymes help to break down the 

carbohydrates, proteins, and fats. 

Ovaries: The ovary is an ovum-producing reproductive organ, often found in pairs in 

the female reproductive system. Ovaries in women are analogous to testes in males -

they are both gonads and endocrine glands. Our ovaries produce estrogen, 

progesterone, relaxin and inhibin. 

Testes: The testicle is the male gonad. Like the ovaries in women to which they are 

homologous, testes are components of both the reproductive system and the endocrine 

system. The primary functions of the testes are to produce inhibin, sperm 

(spermatogenesis) and androgens, primarily testosterone. 
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7.3 HORMONES AND TYPES: A hormone is a type of chemical signal. They are a means 

of communication between cells. The endocrine system produces hormones that are 

instrumental in maintaining homeostasis and regulating reproduction and 

development. A hormone is a chemical messenger produced by a cell that effects 

specific change in the cellular activity of other cells (target cells). Unlike exocrine glands 

(which produce substances such as saliva, milk, stomach acid and digestive enzymes), 

endocrine glands do not secrete substances into ducts (tubes). Instead, endocrine 

glands secrete their hormones directly into the surrounding extra cellular space. The 

hormones then diffuse into nearby capillaries and are transported throughout the body 

in the blood. 

The endocrine and nervous systems often work toward the same goal. Both influence 

other cells with chemicals (hormones and neurotransmitters). However, they attain 

their goals differently. Neurotransmitters act immediately (within milliseconds) on 

adjacent muscle, gland, or other nervous cells, and their effect is short-lived. In contrast, 

hormones take longer to produce their intended effect (seconds to days), may affect any 

cell, nearby or distant, and produce effects that last as long as they remain in the blood, 

which could be up to several hours. 

Hormones can be chemically classified into 

four groups: 

1. Amino acid-derived: Hormones that are 

modified amino acids. 

2. Polypeptide and proteins: Hormones that 

are chains of amino acids of less than or more 

than about 100 amino acids, respectively. Some 

protein hormones are actually glycoproteins, 

containing glucose or other carbohydrate 

groups. 

3. Steroids: Hormones that are lipids synthesized from cholesterol. Steroids are 

characterized by four interlocking carbohydrate rings. 

4. Eicosanoids: Are lipids synthesized from the fatty acid chains of phospholipids found 

in plasma membrane.  
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Hormones circulating in the blood diffuse into the interstitial fluids surrounding the cell. 

Cells with specific receptors for a hormone respond with an action that is appropriate 

for the cell. Because of the specificity of hormone and target cell, the effects produced by 

a single hormone may vary among different kinds of target cells. 

Hormones activate target cells by one of two methods, depending upon the chemical 

nature of the hormone. 

• Lipid-soluble hormones (steroid hormones and hormones of the thyroid gland) diffuse 

through the cell membranes of target cells. The lipid-soluble hormone then binds to a 

receptor protein that, in turn, activates a DNA segment that turns on specific genes. The 

proteins produced as result of the transcription of the genes and subsequent translation 

of mRNA act as enzymes that regulate specific physiological cell activity. 

• Water-soluble hormones (polypeptide, protein, and most amino acid hormones) bind 

to a receptor protein on the plasma membrane of the cell. The receptor protein, in turn, 

stimulates the production of one of the following second messengers: 

Cyclic AMP (cAMP) is produced when the receptor protein activates another 

membrane-bound protein called a G protein. The G protein activates adenylate cyclase, 

the enzyme that catalyzes the production of cAMP from ATP.  Cyclic AMP then triggers 

an enzyme that generates specific cellular changes. 

Inositol triphosphate (IP3) is produced from membrane phospholipids. IP3, in turn, 

triggers the release of CA2+ from the endoplasmic reticulum, which then activates 

enzymes that generate cellular changes. 

Endocrine glands release hormones in response to one or more of the following 

stimuli: 

1. Hormones from other endocrine glands. 

2. Chemical characteristics of the blood (other than hormones). 

3. Neural stimulation. 

Most hormone production is managed by a negative feedback system. The nervous 

system and certain endocrine tissues monitor various internal conditions of the body. If 

action is required to maintain homeostasis, hormones are released, either directly by an 

endocrine gland or indirectly through the action of the hypothalamus of the brain, 

which stimulates other endocrine glands to release hormones. The hormones activate 

target cells, which initiate physiological changes that adjust the body conditions. When 
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normal conditions have been recovered, the corrective action - the production of 

hormones - is discontinued. Thus, in negative feedback, when the original (abnormal) 

condition has been repaired, or negated, corrective actions decrease or discontinue. For 

example, the amount of glucose in the blood controls the secretion of insulin and 

glucagons via negative feedback. 

The production of some hormones is controlled by positive feedback. In such a system, 

hormones cause a condition to intensify, rather than decrease. As the condition 

intensifies, hormone production increases. Such positive feedback is uncommon, but 

does occur during childbirth, where hormone levels build with increasingly intense 

labor contractions. Also in lactation, hormone levels increase in response to nursing, 

which causes an increase in milk production. The hormone produced by the 

hypothalamus causing the milk let down and uterine contraction is oxytocin. Let us 

understand the feed back control of hormones in detail in the following section. 

7.4 HIERARCHY AND REGULATION OF HORMONE RELEASE. 

Hormonal regulation involves a hierarchy of cell types acting on each other either to 

stimulate or to modulate the release and action of a hormone. Secretion of hormones 

from endocrine cells is stimulated by chemical signals from regulatory cells that occupy 

a higher position in this hierarchy. 

The hierarchical nature of hormone action can be summarized as follows: 
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1. Hormonal action is controlled ultimately by the central nervous system, which 

transmits signals to the hypothalamus. It responds by producing factors that either 

stimulate (called releasing factors) or inhibit the release of hormones from the pituitary. 

2. Pituitary hormones do one of the following: 

a. They stimulate other endocrine glands, each of which releases a hormone that acts on 

a target tissue and elicits a specific metabolic response. 

b. Alternatively, they act directly on a target tissue. The action of a hormone sets in 

motion events that ultimately limit that action. 

Some pituitary hormones stimulate target tissue directly. For example, prolactin 

stimulates mammary glands to produce milk. 

Most pituitary hormones act on endocrine glands 

that occupy an intermediate, or secondary, 

position in the hierarchy, stimulating them to 

produce hormones that exert the ultimate actions 

on target tissues. Pituitary hormones that act on 

other endocrine glands are called tropic hormones 

or tropins. An example is adrenal corticotropic 

hormone (ACTH), also called -corticotropin. This 

peptide is secreted from the anterior pituitary, and it stimulates the adrenal cortex to 

produce glucocorticoids and mineralocorticoids, which in turn act on a number of 

tissues. 

The action of a hormone is self-limiting because of the existence of feedback loops, in 

which secretion of a hormone sets in motion a series of events that leads to inhibition of 

that secretion. 

7.5 STRUCTURE AND CONTROL OF 

HYPOTHALAMUS 

Hypothalamus: The hypothalamus and pituitary 

gland are connected by both nervous and chemical 

pathways. The posterior portion of the hypothalamus, 

called the median eminence, contains the nerve 

endings of many neurosecretory cells, which run down through the infundibular stalk 

into the pituitary gland. Important structures adjacent to the median eminence of the 
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hypothalamus include the mammillary bodies, the third ventricle, and the optic chiasm 

(a part of the visual system). Above the hypothalamus is the thalamus. 

The hypothalamus is a tiny cluster of brain cells, just above the pituitary gland, which 

transmits messages from the body to the brain. It effectively uses the pituitary gland to 

link the nervous system to the endocrine system. The hypothalamus is a part of the 

brain located superior and anterior to the brain stem and inferior to the thalamus. It 

serves many different functions in the nervous system, and is also responsible for the 

direct control of the endocrine system through the pituitary gland. The hypothalamus 

contains special cells called neurosecretory cells-neurons that secrete hormones: 

Thyrotropin-releasing hormone (TRH) 

Growth hormone-releasing hormone (GHRH) 

Growth hormone-inhibiting hormone (GHIH) 

Gonadotropin-releasing hormone (GRH) 

Corticotropin-releasing hormone (CRH) 

Oxytocin 

Antidiuretic hormone (ADH) 

All of the releasing and inhibiting hormones affect the function of the anterior pituitary 

gland. TRH stimulates the anterior pituitary gland to release thyroid-stimulating 

hormone. GHRH and GHIH work to regulate the release of growth hormone-GHRH 

stimulates growth hormone release, GHIH inhibits its release. GnRH stimulates the 

release of follicle stimulating hormone and luteinizing hormone while CRH stimulates 

the release of adrenocorticotropic hormone. The last two hormones-oxytocin and 

antidiuretic hormone-are produced by the hypothalamus and transported to the 

posterior pituitary, where they are stored and later released. 

 

7.6 GROWTH HORMONE RELEASING HORMONE: Growth-hormone-releasing 

hormone (GHRH), also known as growth-hormone-releasing 

factor (GRF, GHRF), somatoliberin or somatocrinin, is a releasing hormone for growth 

hormone. It is a 44 amino acid peptide hormone produced in the arcuate nucleus of the 

hypothalamus. 
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GHRH first appears in the human hypothalamus between 18 and 29 weeks of gestation, 

which corresponds to the start of production of growth hormone and other 

somatotropes in fetuses. 

GHRH is released from neurosecretory nerve terminals of these arcuate neurons, and is 

carried by the hypothalamo -hypophyseal portal system to the anterior pituitary 

gland where it stimulates growth hormone (GH) secretion by stimulating the growth 

hormone-releasing hormone receptor. GHRH is released in a pulsatile manner, 

stimulating similar pulsatile release of GH. In addition, GHRH also promotes slow-wave 

sleep directly. Growth hormone is required for normal postnatal growth, bone growth, 

regulatory effects on protein, carbohydrate, and lipid metabolism. GHRH stimulates GH 

production and release by binding to the GHRH Receptor (GHRHR) on cells in the 

anterior pituitary.  

GHRH SIGNAL TRANSDUCTION: GHRH binding to GHRHR results in increased GH 

production mainly by the cAMP dependent pathway, but also by the phospholipase C 

pathway (IP3/DAG pathway), and 

other minor pathways.  

The cAMP-dependent pathway is 

initiated by GHRH binding to its 

receptor, causing receptor 

conformation that activates G-Protein 

complex on the intracellular side. This 

results in stimulation of membrane-

bound adenylyl cyclase and increased 

intracellular cyclic adenosine 

monophosphate (cAMP). cAMP binds 

to and activates the regulatory subunits of protein kinase A (PKA), allowing the free 

catalytic subunits to translocate to the nucleus and phosphorylate the transcription 

factor which enhances the transcription of GH. It also increases transcription of the 

GHRHR gene, providing positive feedback.  

In the phospholipase C pathway, GHRH stimulates phospholipase C (PLC). PLC 

activation produces both diacylglycerol (DAG) and inositol triphosphate (IP3), the latter 

leading to release of intracellular Ca2+ from the endoplasmic reticulum, increasing 
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cytosolic Ca2+ concentration, resulting in vesicle fusion and release of secretory vesicles 

containing premade growth hormone. 

Activation of GHRHRs by GHRH also conveys opening of Na+ 

channels by phosphatidylinositol 4, 5-bisphosphate, causing cell depolarization. The 

resultant change in the intracellular voltage opens a voltage-dependent calcium 

channel, resulting in vesicle fusion and release of GH. 

Relationship of GHRH and somatostatin: The actions of GHRH are opposed by 

somatostatin (growth-hormone-inhibiting hormone). Somatostatin is released from 

neurosecretory nerve terminals of periventricular somatostatin neurons, and is carried 

by the hypothalamo-hypophysial portal circulation to the anterior pituitary where it 

inhibits GH secretion. Somatostatin and GHRH are secreted in alternation, giving rise to 

the markedly pulsatile secretion of GH. 

7.7 SOMATOSTATIN: Somatostatin (also known as growth hormone-inhibiting 

hormone (GHIH) or somatotropin release-inhibiting factor (SRIF)) or somatotropin 

release-inhibiting hormone is a peptide hormone that regulates the endocrine 

system and affects neurotransmission and cell proliferation via interaction with G 

protein-coupled somatostatin receptors and inhibition of the release of numerous 

secondary hormones. Somatostatin has two active forms produced by alternative 

cleavage of a single preproprotein: one of 14 amino acids, the other of 28 amino acids.  

Somatostatin is produced by neuroendocrine neurons of the periventricular nucleus of 

the hypothalamus. These neurons project to the median eminence, where somatostatin 

is released from neurosecretory nerve endings into the hypothalamo-hypophysial 

system through neuron axons. Somatostatin is then carried to the anterior pituitary 

gland, where it inhibits the secretion of growth hormone from somoatorope cells. The 

somatostatin neurons in the periventricular nucleus mediate negative feedback effects 

of growth hormone on its own release; the somatostatin neurons respond to high 

circulating concentrations of growth hormone and somatomedins by increasing the 

release of somatostatin, so reducing the rate of secretion of growth hormone.  

Somatostatin is classified as an inhibitory hormone, whose actions are spread to 

different parts of the body, mainly on anterior pituitary [Inhibit the release of growth 
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hormone (GH) (thus opposing the effects of Growth Hormone-Releasing 

Hormone (GHRH), and Inhibit the release of thyroid-stimulating hormone (TSH)].  

Somatostatin is secreted in several locations in the digestive system such as delta 

cells of the pancreas, stomach and intestine. Somatostatin will travel through the portal 

blood system, to the heart, then to systemic circulation, where it will exert its digestive 

system effects. In the stomach, somatostatin acts on the acid-producing parietal cells via 

G-coupled receptor to reduce secretion. Somatostatin also indirectly decreases stomach 

acid production by preventing the release of other hormones, including gastrin, secretin 

and histamine. 

7.8 TYROTROPIN RELEASING HORMONE:  Thyrotropin-releasing hormone (TRH), 

also called thyrotropin-releasing factor (TRF), thyroliberin or protirelin, is 

a tropic, tripeptidal hormone that stimulates the release of TSH (thyroid-stimulating 

hormone) and prolactin from the anterior pituitary. TRH has been used clinically for the 

treatment of spinocerebellar degeneration and disturbance of consciousness in humans. 

TRH is produced by the hypothalamus in medial neurons of the paraventricular 

nucleus. At the beginning, it is synthesized as a 242-amino acid precursor polypeptide 

that contains 6 copies of the sequence -Gln-His-Pro-Gly-, flanked by Lys-Arg or Arg-Arg 

sequences. To produce the mature form, a series of enzymes are required. Such as a 

protease (cleaves C-terminal side of the flanking Lys-Arg or Arg-Arg), a 

carboxypeptidase (removes the Lys/Arg residues leaving Gly as the C-terminal residue) 

then, a monooxygenase complex (Gly is converted into an amide) which results in a 

mature TRH. Following secretion, TRH travels across the median eminence to the 

anterior pituitary gland via the hypophyseal portal system where it stimulates the 

release of thyroid-stimulating hormone from cells called thyrotropes and excess levels 

inhibit dopamine which will then stimulate the release of prolactin which in turn 

decreases GnRH. 

CLINICAL SIGNIFICANCE OF TRH: TRH is used clinically by intravenous injection to 

test the response of the anterior pituitary gland; this procedure is known as a TRH test. 

This is done as diagnostic test of thyroid disorders such as 

secondary hypothyroidism and in acromegaly. 
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TRH has anti-depressant and anti-suicidal properties. TRH has been shown in mice to 

be an anti-aging agent with a broad spectrum of activities that, because of their actions, 

suggest that TRH has a fundamental role in the regulation of metabolic and hormonal 

functions.  

 

7.9 CARTICOTROPIN RELEASING HORMONE: Corticotropin-releasing 

hormone (CRH), a peptide hormone that stimulates both the synthesis and the 

secretion of adrenocorticotropic hormone (ACTH) in the corticotropin-producing cells 

(corticotrophs) of the anterior pituitary gland. CRH consists of a single chain of 

41 amino acids. Many factors of neuronal and hormonal origin regulate the secretion of 

CRH, and it is the final common element that directs the body’s response to many forms 

of stress, including physical and emotional stresses and external and internal stresses. 

In healthy individuals ACTH is secreted in a circadian rhythm, which in turn causes 

pulsatile and diurnal secretion of cortisol. Variations in the secretion of ACTH are 

caused by variations in the secretion of CRH by the hypothalamus in the brain as well as 

by variations in serum cortisol concentrations. An increase in serum cortisol inhibits the 

secretion of both CRH and ACTH. Conversely, the secretion of these hormones is 

increased when serum levels of cortisol decrease, thereby restoring to normal the 

serum concentrations of cortisol. 

Excessive secretion of CRH leads to an increase in the size and number of corticotrophs 

in the pituitary gland. This may result in the formation of a corticotroph tumour that 

produces excessive amounts of ACTH, resulting in overstimulation of the adrenal cortex 

and abnormally high serum concentrations of adrenal androgens as well as cortisol. 

Excessive secretion of cortisol causes Cushing syndrome, which is characterized by 

trunk and facial obesity, high blood pressure (hypertension), and generalized protein 

breakdown, causing skin and muscle atrophy and loss of bone. In contrast, a deficiency 

of CRH can, by decreasing ACTH secretion, cause adrenocortical deficiency. 

 

7.10 GONADOTROPIN RELEASING HORMONE (GnRH): Gonadotropin-releasing 

hormone (GnRH), also known as luteinizing hormone-releasing hormone, a 

neurohormone consisting of 10 amino acids that is produced in the arcuate nuclei of 

the hypothalamus. GnRH stimulates the synthesis and secretion of the 

two gonadotropins- luteinizing hormone (LH) and follicle-stimulating hormone (FSH)- 
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by the anterior pituitary gland. The effects of GnRH on the secretion of LH and FSH are 

not exactly parallel, and the variations are probably due to other modulating factors 

such as the serum concentrations of steroid hormones (substances secreted by the 

adrenal cortex, testes, and ovaries). 

Characteristic of all releasing hormones and most striking in the case of GnRH is the 

phenomenon of pulsatile secretion. Under normal circumstances, GnRH is released in 

pulses at intervals of about 90 to 120 minutes. In order to increase serum gonadotropin 

concentrations in patients with GnRH deficiency, the releasing hormone must be 

administered in pulses. In contrast, constant administration of GnRH suppresses 

gonadotropin secretion, which has therapeutic benefits in certain patients, such as 

children with precocious puberty and men with prostate cancer. 

The neurons that secrete gonadotropin-releasing hormone have connections to an area 

of the brain known as the limbic system, which is heavily involved in the control 

of emotions and sexual activity. In rats that are deprived of their pituitary 

gland and ovaries but are given physiological amounts of estrogen, injection of GnRH 

results in changes in posture characteristic of the receptive female stance for sexual 

intercourse. 

Hypogonadism, in which the functional activity of the gonads is decreased and sexual 

development is inhibited, can be caused by a congenital deficiency of GnRH. Patients 

with this type of hypogonadism typically respond to pulsatile treatment with the 

hormone. Many of these patients also have deficiencies of other hypothalamic-releasing 

hormones. A subset of patients with hypogonadism has isolated GnRH deficiency and 

loss of the sense of smell (anosmia). This disorder is called Kallmann syndrome and is 

usually caused by a mutation in a gene that directs the formation of the olfactory (sense 

of smell) system and the formation of parts of the hypothalamus. Abnormalities in the 

pulsatile secretion of GnRH result in subnormal fertility and abnormal or 

absent menstruation. 
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7.11 SUMMARY: endocrine system:  

A) Function: Control systems, maintain homeostasis 

a) Control chemical and water balance, growth and metabolism in body   

c) Influence sexual behavior, stimulate growth and maturation of the gonads 

d) Control embryonic development and preparation for nurturing a newborn  

e) Provide feedback to the nervous system 

B) How does it work?  - Basic Overview of the Feedback System 

1) Nervous systems monitors environment 

2) If aberrations are detected - nervous system sends message to endocrine glands 

3) Endocrine glands produce and secrete hormones into blood 

4) Hormones hit target organ 

5) Target organ produces substance 

6) Substance is picked up by receptors and brain stops sending message to endocrine 

glands. 

 

Components endocrine system - 

1) Endocrine glands, 2) Chemical messages = hormones and 3) Works intimately in 

conjunction with the nervous and circulatory systems,  Example: Hypothalamus - 

Anterior Pituitary, 4) Disorders - homeostatic imbalances 

Hyposecretion of hormones by glands - low levels of hormones being produced 

Hypersecretion of hormones by glands - high levels of hormones being produced 

Hypothalamus: The hypothalamus is a region of the brain located at the base of the 

brain. There are at least seven different hypothalamic hormones which are made in the 

hypothalamus. After synthesis, these hormones are released directly into a specialized 

network of blood vessels called the hypothalamic-pituitary portal circulation. This 

portal circulation carries these protein hormones to the pituitary gland where they 

stimulate or inhibit the release of pituitary hormones. Hypothalamus contains several 

types of neurons responsible for secreting different hormones such as Thyrotropin-

releasing hormone (TRH), Growth hormone-releasing hormone (GHRH), Growth 

hormone-inhibiting hormone (GHIH), Gonadotropin-releasing hormone (GRH) 

Corticotropin-releasing hormone (CRH), Oxytocin and Antidiuretic hormone (ADH) 

All of these are released into the blood in the capillaries and travel immediately – 

in portal veins – to a second capillary bed in the anterior lobe of the pituitary, where 
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they exert their effects. All of them are released in periodic spurts. In fact, replacement 

hormone therapy with these hormones does not work unless the replacements are also 

given in spurts. 

Thyrotropin-releasing hormone (TRH): TRH is a tripeptide (GluHisPro). 

When it reaches the anterior lobe of the pituitary it stimulates the release there of, 

thyroid-stimulating hormone (TSH) and prolactin (PRL) 

Gonadotropin-releasing hormone (GnRH): GnRH is a peptide of 10 amino acids. Its 

secretion at the onset of puberty triggers sexual development, and from then on it is 

essential for normal sexual physiology in both males and females. In both sexes, its 

secretion occurs in periodic pulses usually occurring every 1–2 hours. Primary effects 

are stimulation of section of FSH and LH, which leads to the secondary effects such as 

estrogen and progesterone secretion in females and testosterone production in male. 

Growth hormone-releasing hormone (GHRH):  GHRH is a mixture of two peptides, 

one containing 40 amino acids, the other 44. As its name indicates, GHRH stimulates 

cells in the anterior lobe of the pituitary to secrete growth hormone (GH). 

Corticotropin-releasing hormone (CRH): CRH is a peptide of 41 amino acids. As its 

name indicates it acts on cells in the anterior lobe of the pituitary to 

release adrenocorticotropic hormone (ACTH).  

Somatostatin: Somatostatin is a mixture of two peptides, one of 14 amino acids, the 

other of 28.  Somatostatin acts on the anterior lobe of the pituitary to inhibit the release 

of growth hormone (GH) and inhibit the release of thyroid-stimulating hormone (TSH). 

Somatostatin is also secreted by cells in the pancreas and in the intestine where it 

inhibits the secretion of a variety of other hormones. 

7.12 KEY WORDS: Hormones, exocrine glands, pituitary gland, thyroid, adrenal glands, 

pancreas, ovaries, testes, gonadotropin releasing hormone, carticotropin releasing 

hormone, tyrotropin releasing hormone, somatostatin, growth hormone releasing 

hormone, hypothalamus, regulation of hormone release, endocrine glands.  
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7.13 QUESTIONS FOR SELF STUDY 

1) What is endocrine system? What are the components of endocrine system? 

2) With the help of a diagram locate all the endocrine glands in human body 

3) Describe hypothalamus and its hormones 

4) Write a note on the following a). Thyrotropin-releasing hormone (TRH), b). 

Gonadotropin-releasing hormone (GnRH), c). Growth hormone-releasing hormone 

(GHRH), d). Corticotropin-releasing hormone (CRH) and e) Somatostatin. 

5) Explain feed-back regulation of hormones secretion. 
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8.0 OBJECTIVES: After thoroughly studying this unit, you should be able to,  

 Describe pituitary gland (anterior pituitary, posterior pituitary) and the hormones 

secreted by the gland 

 List the hormones secreted by thyroid gland and parathyroid gland and functions of 

the hormones 

 Locate adrenal glands and describe the hormones of adrenal glands with their 

functions 

 Explain the role of male and female gonads and their hormones 

 Explain the process occurring during the menstrual cycle 

 

8.1 INTRODUCTION: The endocrine system is a control system of ductless glands that 

secrete hormones within specific organs. Hormones act as "messengers," and are 

carried by the bloodstream to different cells in the body, which interpret these 

messages and act on them. 

It seems like a farfetched notion or idea that a small chemical can enter the bloodstream 

and cause an action at a distant location in the body. Yet this occurs in our bodies’ 

everyday of our lives. The ability to maintain homeostasis and respond to stimuli is 

largely due to hormones secreted within the body. Without hormones, you could not 

grow, maintain a constant temperature, produce offspring, or perform the basic actions 

and functions that are essential for life. 

The endocrine system provides an electrochemical connection from the hypothalamus 

of the brain to all the organs that control the body metabolism, growth and 

development, and reproduction. There are two types of hormones secreted in the 

endocrine system: Steroidal and non-steroidal, (or protein based) hormones. 

The endocrine system regulates its hormones through negative feedback, except in very 

specific cases like childbirth. Increases in hormone activity decrease the production of 

that hormone. The immune system and other factors contribute as control factors also, 

altogether maintaining constant levels of hormones. 

We have already discussed about the mechanism of action, feed-back regulation and 

roles of hypothalamus hormones in unit 7 of this block. In the current unit we will 

discuss more about the hormones of other endocrine glands particularly the pituitary, 
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thyroid, parathyroid, adrenals, gonads, testes and ovaries. In addition we will also 

discuss about the menstrual cycle at the end of this unit. 

8.2 PITUITARY GLAND: The pituitary gland, also known as the hypophysis, is a small 

pea-sized lump of tissue connected to the inferior portion of the hypothalamus of the 

brain. Many blood vessels surround the pituitary gland to carry the hormones it 

releases throughout the body. Situated in a small depression in the sphenoid bone 

called the sella turcica, the pituitary gland is actually made of 2 completely separate 

structures: the posterior and anterior pituitary glands. 

POSTERIOR PITUITARY: The posterior pituitary gland is actually not glandular tissue 

at all, but nervous tissue instead. The posterior pituitary is a small extension of the 

hypothalamus through which the axons of 

some of the neurosecretory cells of the 

hypothalamus extend. The posterior lobe is 

composed of neural tissue [neural ectoderm] 

and is derived from hypothalamus. Its 

function is to store oxytocin and antidiuretic 

hormone. When the hypothalamic neurons 

fire these hormones are released into the 

capillaries of the posterior lobe. The posterior 

pituitary is, in effect, a projection of the 

hypothalamus. It does not produce its own 

hormones, but only stores and releases the 

hormones oxytocin and antidiuretic hormone. 

ADH is also known as arginine vasopressin 

(AVP) or simply vasopressin. These 

neurosecretory cells create 2 hormones in the hypothalamus that are stored and 

released by the posterior pituitary: 

1. Oxytocin triggers uterine contractions during childbirth and the release of milk 

during breastfeeding. 

2. Antidiuretic hormone (ADH) prevents water loss in the body by increasing the re-

uptake of water in the kidneys and reducing blood flow to sweat glands. 
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ANTERIOR PITUITARY: The anterior lobe is derived from oral ectoderm and is 

composed of glandular epithelium. Communication between the hypothalamus and the 

anterior pituitary occurs through hormones (releasing hormones and inhibiting 

hormones) produced by the hypothalamus and delivered to the anterior pituitary via a 

portal network of capillaries. The releasing and inhibiting hormones are produced by 

specialized neurons of the hypothalamus called neurosecretory cells. The hormones are 

released into a capillary network or 

primary plexus, and transported through 

veins or hypophyseal portal veins, to a 

second capillary network or secondary 

plexus that supplies the anterior 

pituitary. The hormones then diffuse 

from the secondary plexus into the 

anterior pituitary, where they initiate the 

production of specific hormones by the 

anterior pituitary. Many of the hormones 

produced by the anterior pituitary are 

tropic hormones or tropins, which are 

hormones that stimulate other endocrine 

glands to secrete their hormones. The anterior pituitary lobe receives releasing 

hormones from the hypothalamus via a portal vein system known as the hypothalamic-

hypophyseal portal system. The anterior pituitary gland is the true glandular part of the 

pituitary gland. The function of the anterior pituitary gland is controlled by the 

releasing and inhibiting hormones of the hypothalamus.  

These hormones from the hypothalamus cause release of the respective hormone from 

the pituitary. The control of release of hormones from the pituitary is via negative 

feedback from the target gland. For example homeostasis of thyroid hormones is 

achieved by the following mechanism; TRH from the hypothalamus stimulates the 

release of TSH from the anterior pituitary. The TSH, in turn, stimulates the release of 

thyroid hormones form the thyroid gland. The thyroid hormones then cause negative 

feedback, suppressing the release of TRH and TSH. 

The anterior pituitary produces 6 important hormones:  
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1. Thyroid stimulating hormone (TSH), as its name suggests, is a tropic hormone 

responsible for the stimulation of the thyroid gland. 

2. Adrenocorticotropic hormone (ACTH) stimulates the adrenal cortex, the outer part of 

the adrenal gland, to produce its hormones. 

3. Follicle stimulating hormone (FSH) stimulates the follicle cells of the gonads to 

produce gametes-ova in females and sperm in males. 

4. Luteinizing hormone (LH) stimulates the gonads to produce the sex hormones—

estrogens in females and testosterone in males. 

5. Human growth hormone (HGH) affects many target cells throughout the body by 

stimulating their growth, repair, and reproduction. 

6. Prolactin (PRL) has many effects on the body, chief of which is that it stimulates the 

mammary glands of the breast to produce milk. 

MELANOCORTIN: The melanocortins are a group of peptide hormones which include 

adrenocorticotropic hormone (ACTH) and the different forms of melanocyte-

stimulating hormone (MSH), which are derived from proopiomelanocortin in the 

pituitary gland. The melanocortins exert their effects by binding to and activating the 

melanocortin receptors. 

Adrenocorticotropic hormone (ACTH), also known as corticotropin, is a polypeptide 

tropic hormone produced and secreted by the anterior pituitary gland. It is an 

important component of the hypothalamic-pituitary-adrenal axis and is often produced 

in response to biological stress (along with its precursor corticotropin-releasing 

hormone from the hypothalamus). Its principal effects are increased production and 

release of corticosteroids. Primary adrenal insufficiency, also called Addison's disease, 

occurs when adrenal gland production of cortisol is chronically deficient, resulting in 

chronically elevated ACTH levels; when a pituitary tumor is the cause of elevated ACTH 

(from the anterior pituitary) this is known as Cushing's Disease and the constellation of 

signs and symptoms of the excess cortisol (hypercortisolism) is known as Cushing's 

syndrome. A deficiency of ACTH is a cause of secondary adrenal insufficiency. ACTH is 

also related to the circadian rhythm in many organisms 

The melanocyte-stimulating hormones (collectively referred to as MSH) are a class of 

peptide hormones that are produced by cells in the intermediate lobe of the pituitary 

gland. An increase in MSH will cause a darkening in humans too. Melanocyte-
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stimulating hormone increases in humans during pregnancy. This, along with increased 

estrogens, causes increased pigmentation in pregnant women. Cushing's syndrome due 

to excess adrenocorticotropic hormone (ACTH) may also result in hyper pigmentation, 

such as acanthosis nigricans in the axilla. Most people with primary Addison's have 

darkening (hyperpigmentation) of the skin, including areas not exposed to the sun; 

characteristic sites are skin creases (e.g. of the hands), nipple, and the inside of the 

cheek (buccal mucosa), new scars become hyper pigmented, whereas older ones do not 

darken. This occurs because melanocyte-stimulating hormone (MSH) and 

adrenocorticotropic hormone (ACTH) share the same precursor molecule, Pro-

opiomelanocortin (POMC). 

8.3 THYROID GLAND: The Thyroid gland is one of the largest endocrine glands in the 

body. It is positioned on the neck just below the Larynx and has two lobes with one on 

either side of the trachea. It is involved in the production of the hormones T3 

(triiodothyronine) and T4 (thyroxine). These hormones increase the metabolic activity 

of the body‘s cells. The thyroid also produces and releases the hormone calcitonin 

(thyrocalcitonin) which contributes to the regulation of blood calcium levels. 

Thyrocalcitonin or calcitonin decreases the concentration of calcium in the blood. Most 

of the calcium removed from the blood is stored in the bones. 

The thyroid hormone consists of two components, thyroxine and iodine. This hormone 

increases the metabolism of most body cells. A deficiency of iodine in the diet leads to 

the enlargement of the thyroid gland, known as a simple goiter. Hypothyroidism during 

early development leads to cretinism. In adults, it produces myxedema, characterized 

by obesity and lethargy. Hyperthyroidism leads to a condition known as exophthalmic 

goiter, characterized by weight loss as well as hyperactive and irritable behavior. 

The thyroid gland is a two-lobed gland that manifests a remarkably powerful active 

transport mechanism for up-taking iodide ions from the blood. As blood flows through 

the gland, iodide is converted to an active form of iodine. This iodine combines with an 

amino acid called tyrosine. Two molecules of iodinated tyrosine then combine to form 

thryroxine. Following its formation, the thyroxine becomes bound to a polysaccharide-

protein material called thyroglobulin. The normal thyroid gland may store several 

weeks supply of thyroxine in this bound form. An enzymatic splitting of the thyroxine 
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from the thyroglobulin occurs when a specific hormone is released into the blood. This 

hormone, produced by the pituitary gland, is known as thyroid-stimulating hormone 

(TSH). TSH stimulates certain major rate-limiting steps in thyroxine secretion, and 

thereby alters its rate of release. A variety of bodily defects, either dietary, hereditary, 

or disease induced, may decrease the amount of thyroxine released into the blood. The 

most popular of these defects is one that results from dietary iodine deficiency. The 

thyroid gland enlarges, in the continued presence of TSH from the pituitary, to form a 

goiter. This is a futile attempt to synthesize thyroid hormones, for iodine levels that are 

too low. Normally, thyroid hormones act via a negative feedback loop on the pituitary to 

decrease stimulation of the thyroid. In goiter, the feedback loop cannot be in operation – 

hence continual stimulation of the thyroid and the inevitable protuberance on the neck. 

Formerly, the principal source of iodine came from seafood. As a result, goiter was 

prevalent amongst inland areas far removed from the sea. Today, the incidence of goiter 

has been drastically reduced by adding iodine to table salt. 

Thyroxine serves to stimulate oxidative metabolism in cells; it increases the oxygen 

consumption and heat production of most body tissues, a notable exception being the 

brain. Thyroxine is also necessary for normal growth. The most likely explanation being 

that thyroxine promotes the effects of growth hormone on protein synthesis. The 

absence of thyroxine significantly reduces the ability of growth hormone to stimulate 

amino acid uptake and RNA synthesis. Thyroxine also plays a crucial role in the closely 

related area of organ development, particularly that of the central nervous system. 

If there is an insufficient amount of thyroxine, a condition referred to as hypothyroidism 

results. Symptoms of hypothyroidism stem from the fact that there is a reduction in the 

rate of oxidative energy-releasing reactions within the body cells. Usually the patient 

shows puffy skin, sluggishness, and lowered vitality. Other symptoms of 

hypothyroidism include weight gain, decreased libido, inability to tolerate cold, muscle 

pain and spasm, insomnia and brittle nails. Hypothyroidism in children, a condition 

known as cretinism, can result in mental retardation, dwarfism, and permanent sexual 

immaturity. Sometimes the thyroid gland produces too much thyroxine, a condition 

known as hyperthyroidism. This condition produces symptoms such as an abnormally 

high body temperature, profuse sweating, high blood pressure, loss of weight, 

irritability, and muscular pain and weakness. It also causes the characteristic symptom 
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of the eyeballs protruding from the skull called exopthalmia. This is surprising because 

it is not a symptom usually related to a fast metabolism. Hyperthyroidism has been 

treated by partial removal or by partial radiation destruction of the gland. More 

recently, several drugs that inhibit thyroid activity have been discovered, and their use 

is replacing the former surgical procedures. Unfortunately thyroid conditions require 

lifetime treatment and because of the body's need for a sensitive balance of thyroid 

hormone both supplementing and suppressing thyroid function can take months or 

even years to regulate. 

8.4 T3 AND T4 FUNCTION WITHIN THE BODY: The Production of T3 and T4 are 

regulated by thyroid stimulating hormone (TSH), released by the pituitary gland.  TSH 

Production is increased when T3 and T4 levels are too low. The thyroid hormones are 

released throughout the body to direct the body's metabolism. They stimulate all cells 

within the body to work at a better metabolic rate. Without these hormones the body's 

cells would not be able to regulate the speed at which they performed chemical actions. 

Their release will be increased under certain situations such as cold temperatures when 

a higher metabolism is needed to generate heat. When children are born with thyroid 

hormone deficiency they have problems with physical growth and developmental 

problems. Brain development can also be severely impaired. 

The significance of iodine: Thyroid hormone cannot be produced without an 

abundant source of iodine. The iodine concentration within the body, although 

significant, can be as little as 1/25th the concentration within the thyroid itself. When 

the thyroid is low on iodine the body will try harder to produce T3 and T4 which will 

often result in a swelling of the thyroid gland, resulting in a goiter. 

Extrathyroidal iodine: Iodine accounts for 65% of the molecular weight of T4 and 59% 

of the T3. 15–20 mg of iodine is concentrated in thyroid tissue and hormones, but 70% 

of the body's iodine is distributed in other tissues, including mammary glands, eyes, 

gastric mucosa, the cervix, and salivary glands. In the cells of these tissues iodide enters 

directly by sodium-iodide symporter (NIS). Its role in mammary tissue is related to fetal 

and neonatal development, but its role in the other tissues is unknown. It has been 

shown to act as an antioxidant in these tissues. 
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The US Food and Nutrition Board and Institute of Medicine recommended daily 

allowance of iodine ranges from 150 micrograms /day for adult humans to 290 

micrograms /day for lactating mothers. However, the thyroid gland needs no more than 

70 micrograms /day to synthesize the requisite daily amounts of T4 and T3. These 

higher recommended daily allowance levels of iodine seem necessary for optimal 

function of a number of body systems, including lactating breast, gastric mucosa, 

salivary glands, oral mucosa, thymus, epidermis, choroid plexus, etc. Moreover, iodine 

can add to double bonds of docosahexaenoic acid and arachidonic acid of cellular 

membranes, making them less reactive to free oxygen radicals. 

Calcitonin: Calcitonin is a 32 amino acid polypeptide hormone. It is an additional 

hormone produced by the thyroid, and contributes to the regulation of blood calcium 

levels. Thyroid cells produce calcitonin in response to high calcium levels in the blood. 

This hormone will stimulate movement of calcium into the bone structure. It can also be 

used therapeutically for the treatment of hypercalcemia or osteoporosis. Without this 

hormone calcium will stay within the blood instead of moving into bones to keep them 

strong and growing. Its importance in humans has not been as well established as its 

importance in other animals. 

 

8.5 PARATHYROID GLAND: There are four parathyroid glands. They are small, light-

colored lumps that stick out from the surface of the thyroid gland. All four glands are 

located on the thyroid gland. They are butterfly-shaped and located inside the neck, 

more specifically on both sides of the windpipe. One of the parathyroid glands most 

important functions is to regulate the body's calcium and phosphorus levels. Another 

function of the parathyroid glands is to secrete parathyroid hormone, which causes the 

release of the calcium present in bone to extracellular fluid. PTH does this by depressing 

the production of osteoblasts, special cells of the body involved in the production of 

bone and activating osteoclasts, other specialized cells involved in the removal of bone. 

There are two major types of cells that make up parathyroid tissue: 

• One of the major cells is called oxyphil cells. Their function is basically unknown. 

• The second type is called chief cells. Chief cells produce parathyroid hormone. 

The structure of a parathyroid gland is very different from that of a thyroid gland. The 

chief cells that produce parathyroid hormone are arranged in tightly-packed nests 
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around small blood vessels, quite unlike the thyroid cells that produce thyroid 

hormones, which are arranged in spheres called the thyroid follicles. 

PTH or Parathyroid Hormone is secreted from these four glands. It is released directly 

into the bloodstream and travels to its target cells which are often quite far away. It 

then binds to a structure called a receptor, that is found either inside or on the surface 

of the target cells. 

Receptors bind a specific hormone and the result is a specific physiologic response, 

meaning a normal response of the body. 

PTH finds its major target cells in bone, kidneys, and the gastrointestinal system. 

Calcitonin, a hormone produced by the thyroid gland that also regulates ECF calcium 

levels and serves to counteract the calcium-producing effects of PTH. 

The adult body contains as much as 1 kg of calcium. Most of this calcium is found in 

bone and teeth. 

The four parathyroid glands secrete the parathyroid hormone (PTH). It opposes the 

effect of thyrocalcitonin. It does this by removing calcium from its storage sites in bones, 

releasing it into the bloodstream. It also signals the kidneys to reabsorb more of this 

mineral, transporting it into the blood. It also signals the small intestine to absorb more 

of this mineral, transporting it from the diet into the blood. 

Calcium is important for steps of body metabolism. Blood cannot clot without sufficient 

calcium. Skeletal muscles require this mineral in order to contract. A deficiency of PTH 

can lead to tetany, muscle weakness due to lack of available calcium in the blood. 

The parathyroid glands were long thought to be part of the thyroid or to be functionally 

associated with it. We now know that their close proximity to the thyroid is misleading: 

both developmentally and functionally, they are totally distinct from the thyroid. 

The parathyroid hormone, called parathormone, regulates the calcium-phosphate 

balance between the blood and other tissues. Production of this hormone is directly 

controlled by the calcium concentration of the extracellular fluid bathing the cells of 

these glands. Parathormne exerts at least the following five effects: (1) it increases 

gastrointestinal absorption of calcium by stimulating the active transport system and 

moves calcium from the gut lumen into the blood; (2) it increases the movement of 

calcium and phosphate from bone into extracellular fluid. This is accomplished by 

stimulating osteoclasts to break down bone structure, thus liberating calcium 

phosphate into the blood. In this way, the store of calcium contained in bone is tapped; 
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(3) it increases re-absorption of calcium by the renal tubules, thereby decreasing 

urinary calcium excretion; (4) it reduces the re-absorption of phosphate by the renal 

tubules (5) it stimulates the synthesisof 1,25-dihydrixycholecalciferol by the kidney. 

The first three effects result in a higher extracellular calcium concentration. The 

adaptive value of the fourth is to prevent the formation of kidney stones. 

If parathyroid glands are removed accidentally during surgery on the thyroid, there 

would be a rise in the phosphate concentration in the blood. There would also be a drop 

in the calcium concentration as more calcium is excreted by the kidneys and intestines, 

and more incorporated into the bone. This can produce serious disturbances, 

particularly in the muscles and nerves, which use calcium ions for normal functioning. 

Over activity of the parathyroid glands, which can result from a tumor on the glands, 

produces a weakening of the bones. This is a condition that makes them much more 

vulnerable to fracturing because of excessive withdrawal of calcium from the bones. 

 

8.6 ADRENAL GLANDS 

Adrenal glands are a pair of ductless glands located above the kidneys. Through 

hormonal secretions, the adrenal glands regulate many essential functions in the body, 

including biochemical balances that influence athletic training and general stress 

response. The glucocorticoids include corticosterone, cortisone, and hydrocortisone or 

cortisol. These hormones serve to stimulate the conversion of amino acids into 

carbohydrates which is a process known as gluconeogenesis, and the formation of 

glycogen by the liver. They also stimulate the formation of reserve glycogen in the 

tissues, such as in the muscles. The glucocorticoids also participate in lipid and protein 

metabolism. The cortex of the adrenal gland is known to produce over 20 hormones, but 

their study can be simplified by classifying them into three categories: glucocorticoids, 

mineralcorticoids, and sex hormones. 

They are triangular-shaped glands located on top of the kidneys. They produce 

hormones such as estrogen, progesterone, steroids, cortisol, and cortisone, and 

chemicals such as adrenalin (epinephrine), norepinephrine, and dopamine. When the 

glands produce more or less hormones than required by the body, disease conditions 

may occur. 



Unit-8: Hormones: Pituitary, Thyroid, Adrenals, gonads, menstrual cycle. 
 

KSOU-BC-1.3; Block-2: Unit-8 Page 143 
 

The adrenal cortex secretes at least two families of hormones, the glucocorticoids and 

mineral corticoids. The adrenal medulla secretes the hormones epinephrine 

(adrenalin) and norepinephrine (noradrenalin). 

ADRENAL CORTEX: The hormones made by the Adrenal Cortex supply long-term 

responses to stress. The two major hormones produced are the Mineral Corticoids and 

the Glucocorticoids. The Mineral Corticoids regulate the salt and water balance, 

leading to the increase of blood volume and blood pressure. The Glucocorticoids are 

monitoring the ACTH, in turn regulating carbohydrates, proteins, and fat metabolism. 

This causes an increase in blood glucose. Glucocorticoids also reduce the body's 

inflammatory response. 

Cortisol is one of the most active glucocorticoids. It usually reduces the effects of 

inflammation or swelling throughout the body. It also stimulates the production of 

glucose from fats and proteins, which is a process referred to as gluconeogenesis. 

Aldosterone is one example of a mineralcorticoid. It signals the tubules in the kidney 

nephrons to reabsorb sodium while secreting or eliminating potassium. If sodium levels 

are low in the blood, the kidney secretes more renin, which is an enzyme that 

stimulates the formation of angiotensin from a molecule made from the liver. 

Angiotensin stimulates aldosterone secretion. As a result, more sodium is reabsorbed as 

it enters the blood. 

Aldosterone, the major mineralcorticoid, stimulates the cells of the distal convoluted 

tubules of the kidneys to decrease re-absorption of potassium and increase re-

absorption of sodium. This in turn leads to an increased re-absorption of chloride and 

water. These hormones, together with such hormones as insulin and glucagon, are 

important regulators of the ionic environment of the internal fluid. 

The renin-angiotensin-aldosterone mechanism can raise blood pressure if it tends to 

drop. It does this in two ways. Angiotensin is a vasoconstrictor, decreasing the diameter 

of blood vessels. As vessels constrict, blood pressure increases. In addition, as sodium is 

reabsorbed, the blood passing through the kidney becomes more hypertonic. Water 

follows the sodium into the hypertonic blood by osmosis. This increases the amount of 

volume in the blood and also increases the blood pressure. 

ADRENAL MEDULLA The hypothalamus starts nerve impulses that travel the path from 

the bloodstream, spinal cord, and sympathetic nerve fibers to the Adrenal Medulla, 

which then releases hormones. The effects of these hormones provide a short-term 
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response to stress. Excessive secretion of the glucocorticoids causes Cushing's 

syndrome, characterized by muscle atrophy or degeneration and hypertension or high 

blood pressure. Under secretion of these substances produces Addison's disease, 

characterized by low blood pressure and stress. 

Epinephrine and norepinephrine produce the "fight or flight" response, similar to the 

effect from the sympathetic nervous system. Therefore, they increase heart rate, 

breathing rate, blood flow to most skeletal muscles, and the concentration of glucose in 

the blood. They decrease blood flow to the digestive organs and diminish most digestive 

processes. 

The adrenal sex hormones consist mainly of male sex hormones (androgens) and lesser 

amounts of female sex hormones (estrogens and progesterone). Normally, the sex 

hormones released from the adrenal cortex are insignificant due to the low 

concentration of secretion. However, in cases of excess secretion, masculine or feminine 

effects appear. The most common syndrome of this sort is "virilism" of the female. 

Should there be an insufficient supply of cortical hormones, a condition known as 

Addison's disease would result. This disease is characterized by an excessive excretion 

of sodium ions, and hence water, due to lack of mineralcorticoids. Accompanying this is 

a decreased blood glucose level due to a deficient supply of glucocorticoids. The effect of 

a decreased androgen supply cannot be observed immediately. Injections of adrenal 

cortical hormones promptly relieve these symptoms. 

Hormonal production in the adrenal cortex is directly controlled by the anterior 

pituitary hormone called adrenocorticotropic hormone (ACTH). 

The two adrenal glands lie very close to the kidneys. Each adrenal gland is actually a 

double gland, composed of an inner core like medulla and an outer cortex. Each of these 

is functionally unrelated. 

The adrenal medulla secretes two hormone, adrenalin or epinephrine and noradrenalin 

or norepinephrine, whose functions are very similar but not identical. The adrenal 

medulla is derived embriogically from neural tissue. It has been likened to an 

overgrown sympathetic ganglion whose cell bodies do not sends out nerve fibers, but 

release their active substances directly into the blood, thereby fulfilling the criteria for 

an endocrine gland. In controlling epinephrine secretion, the adrenal medulla behaves 

just like any sympathetic ganglion, and is dependent upon stimulation by sympathetic 

preganglionic fibers. 
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Epinephrine promotes several responses, all of which are helpful in coping with 

emergencies: the blood pressure rises, the heart rate increases, the glucose content of 

the blood rises because of glycogen breakdown, the spleen contracts and squeezes out a 

reserve supply of blood, the clotting time decreases, the pupils dilate, the blood flow to 

skeletal muscles increase, the blood supply to intestinal smooth muscle decreases and 

hairs become erect. These adrenal functions, which mobilize the resources of the body 

in emergencies, have been called the fight-or-flight response. Norepinephrine 

stimulates reactions similar to those produced by epinephrine, but is less effective in 

conversion of glycogen to glucose. 

The significance of the adrenal medulla may seem questionable since the complete 

removal of the gland causes few noticeable changes; humans can still exhibit the flight-

or-fight response. This occurs because the sympathetic nervous system complements 

the adrenal medulla in stimulating the fight-or-flight response, and the absence of the 

hormonal control will be compensated for by the nervous system. 

8.7 SEX ORGANS/ GONADS: The Sex organs (Gonads) are the testes in the male, and 

the ovaries in the female. Both of these organs produce and secrete hormones that are 

balanced by the hypothalamus and pituitary glands. 

The main hormones from the reproductive organs are: 

Testosterone is more prominent in males. It belongs to the family of androgens, which 

are steroid hormones producing masculine effects. Testosterone stimulates the 

development and functioning of the primary sex organs. It also stimulates the 

development and maintenance of secondary male characteristics, such as hair growth 

on the face and the deep pitch of the voice. 

Estrogen In females, this hormone stimulates the 

development of the uterus and vagina. It is also 

responsible for the development and maintenance 

of secondary female characteristics, such as fat 

distribution throughout the body and the width of 

the pelvis. 

MALE: The testes produce androgens (i.e., 

"testosterone"). Testosterone is classified as a 



Unit-8: Hormones: Pituitary, Thyroid, Adrenals, gonads, menstrual cycle. 
 

KSOU-BC-1.3; Block-2: Unit-8 Page 146 
 

steroid and is responsible for many of the physical characteristics in males like. 

• Broad shoulders  • Muscular body • Hair  

Testosterone increases protein production. Hormones that build up protein are called 

anabolic steroids. Anabolic steroids are available commercially and are being used by 

athletes because they help improve their physical ability, however, they do have major 

side effects such as: 

• Liver and kidney disorders • Hypertension (high blood pressure) 

• Decreased sperm count and impotency • Aggressive behavior ("roid mania) 

• Balding  • Acne 

FEMALE:  The ovaries produce estrogen and progesterone. Estrogen increases at the 

time of puberty and causes the growth of the uterus 

and vagina. Without estrogen egg maturation would 

not occur. Estrogen is also responsible for secondary 

sex characteristics such as female body hair and fat 

distribution. Estrogen and Progesterone are 

responsible for the development of the breast and for 

the uterine cycle. Progesterone is a female hormone 

secreted by the corpus luteum after ovulation during 

the second half of the menstrual cycle. It prepares the 

lining of the uterus for implantation of a fertilized egg and allows for complete shedding 

of the endometrium at the time of menstruation. In the event of pregnancy, the 

progesterone level remains stable beginning a week or so after conception.  

 

8.8 MENSTRUAL CYCLE: The menstrual cycle is on average, 28 days long. It can be 

between 20-45 days. It varies from person to person, and month to month. The 

menstrual cycle can be divided into the follicular phase and the luteal phase, with both 

being 14 days long. 

Follicular phase – during this phase, ovarian follicles are stimulated to grow, and one of 

the follicles will emerge as dominant, and eventually be released by the ovum. The point 

of release is the point at which the luteal phase begins.  The normal ovary contains 

many primary follicles – these have the potential to become ovum under the correct 

stimulation. They contain a large, central oocyte, surrounded by several small follicular 

cells. 
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During the follicular phase, under the stimulation of FSH, up to 20 primary follicles are 

stimulated to grow. They become secondary follicles. They are essentially in a race to 

become the next ovum. As they grow, the number of follicular cells increases rapidly, 

and the follicular cells differentiate to become Granulosa Cells.  

By day five of the cycle, one of the follicles emerges as the dominant follicle (Graafian, or 

Tertiary follicle). During days 6-14 this follicle grows rapidly in response to FSH. During 

this time it will release Oestrogen, which will act as a positive feedback loop, by 

stimulating the production of more GnRH, as well as accounting for secondary sex 

characteristics, and having 

important effects on 

muscle and bone 

metabolism. 

Now stimulated by a rise 

in LH, this is stimulated to 

complete its suspended 

state of meiosis I, and in 

doing so the oocyte splits 

in two, releasing one large 

cell, and one small polar 

body. This continues 

meiosis as far as 

metaphase II, which is not 

completed until 

fertilisation. Then, the 

oocyte is released from 

the ovum, and into the fallopian tube. 

The empty follicle remains in the ovary, as becomes the corpus luteum. Under 

stimulation of LH this will slowly secrete progesterone, in increasing amounts for 7 

days, after which time is begins to degrade, and progesterone output falls. 

Progesterone is responsible for the build up and maintenance of the endometrium. In 

the absence of progesterone, the lining will die and slough off (menses).  
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In the absence of fertilisation - The corpus luteum will produce progesterone and 

oestrogen for 14 days, as it slowly degrades. The corpus luteum never completely 

disappears. It remains in the ovary as the corupus albicans, which is essentially just a 

mass of fibrous scar tissue. In older women, the build up of these bodies can cause 

misshaped ovaries. 

In the presence of fertilisation – the implanted embryo will produce hCG (Human 

chorionic gonadotropin). This stimulates the corpus luteum to continue producing 

progesterone, to maintain the endometrium. Eventually, the placenta will take over the 

production of progesterone, once it becomes large enough. 

MENOPAUSE: The menstrual cycles which begin in the women after puberty, continue 

till the age of 45-5O years. The cycles cease around this age which coincides with the 

loss of ovarian function. The progesterone and estrogen levels are very low in these 

women. However, the concentration of LH and FSH are elevated due to lack of feedback 

inhibition by estrogens.  

Post-menopausal women are susceptible to two complications associated with 

insufficient levels of sex hormones. 1. Atrophy of secondary sex tissues: Mainly the 

epithelial tissue of vagina and lower urinary tract. 2. Osteoporosis: Decreased density of 

bones and increased susceptibility to fractures. 

8.9 SUMMARY:  

Anterior pituitary gland and its hormones (base of the brain) 

1) GH - growth hormone, stimulates muscle and skeletal growth. The target organ - 

liver, stimulates liver to produce growth factors that stimulate bone and cartilage 

growth.  Disorders: Hypo (pituitary dwarfism), Hyper (early development leads to 

gigantism; abnormal growth of hands and feet - acromegaly in adulthood). 

2) TSH - Thyroid stimulating hormone, stimulates Thyroid Gland to produce hormones. 

Disorder: Hyper - Goiter (overstimulation of thyroid) 

3) FSH - follicle stimulating hormone, stimulates development of follicles 

4) LH - luteinizing hormone, stimulates development of testes and ovaries 

5) ACTH - stimulates adrenal glands to produce hormones 

6) PRL (prolactin) - stimulates mammary gland growth and milk production 

 Posterior Pituitary 

http://www.anselm.edu/homepage/jpitocch/genbio/antpostpit.JPG
http://www.anselm.edu/homepage/jpitocch/genbio/goiter.JPG
http://www.anselm.edu/homepage/jpitocch/genbio/antpostpit.JPG
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1) Oxytocin - stimulates uterine contractions, milk ejection reflex in the mammary 

glands. 

2) ADH - antidiuretic hormone, stimulates retention of water action blocked by alcohol 

and caffeine. 

Thyroid Gland (neck):  

1) Thyroxine: Target organs - primarily skeletal, muscle tissue, stimulates metabolic 

rate for growth. Increases oxygen consumption and cell metabolism. Disorders: Hyper - 

hyperthyroidism (increases temperature and BP, weight loss, irritability) and Hypo - 

lethargy, weight gain, cretinism in children (abnormal skeletal growth and retardation) 

2) Calcitonin - regulates Ca2+ levels in the blood (decreases concentration): Target 

organs - kidney, bone, digestive system  

Adrenal Glands (on top of kidneys) - hormones in the fight/fright response 

1) Glucocorticoids - raises glucose levels in the blood, stimulates glucose production by 

cells. 

2) Epinephrine - complement supply from the sympathetic system function is to give 

the body an energetic boost, increase metabolic rate, dilates bronchioles in the lungs, 

increases heart rate, etc. Target - most systems of the body 

3) Mineralocorticoids - retention of ions. 

Male gonads - testes (pelvic region on men). 1) Testosterone, maintain secondary 

sexual characteristics,stimulate sperm production 

Female gonads - ovaries (pelvic region of women). 1) Estrogen and progesterone, 

maintain secondary sexual characteristics, regulate reproductive cycle. 
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8.10 KEY WORDS: pituitary gland, posterior pituitary, oxytocin, antidiuretic hormone 

(ADH), anterior pituitary, melanocortin, thyroid gland, T3 and T4, calcitonin, 

parathyroid gland, adrenal glands, adrenal cortex, adrenal medulla, gonads, male, 

female, menstrual cycle, menopause. 

8.11 QUESTIONS FOR SELF STUDY 

1. Describe in detail the anterior pituitary gland and its hormones 

2. Describe in detail the hormones of posterior pituitary. 

3. List the hormones of thyroid glands and write a brief note on their functions.  

4. Describe the role of Adrenal glands as endocrine glands 

5. Write a note on the following: a) Male gonads b) female gonads c) Menstrual cycle. 

 

8.12 FURTHER REFERENCES: SAME AS UNIT 7. 
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9.0 OBJECTIVE: After studying this unit, you should be able to,  

  Define the concepts of micro and macro nutrients 

 Understand the essential nutrients and their classification 

 Divide the food we consume into various food groups 

 Explain the proximate analysis of  various foods 

9.1 INTRODUCTION:  The science of looking at how the body uses nutrients and at 

how and why people eat is what nutrition is all about. The substances in food that the 

body needs to function properly are called the nutrients. In this study session, you will 

learn about some of the basics of nutrition. You will learn what is meant by food and 

diet as well as the meaning of nutrition and nutrients in general. What food does to our 

body and how the body uses nutrients is also explained. Few concepts also explain the 

relationship between health, nutrition and development.  In addition we will learn 

how the components of the food we eat function in our bodies. 

This unit in particular is dedicated to understand the concepts of macro and micro 

nutrients, essential nutrients and their classification, food groups that we consume and 

proximate analysis of foods. Many concepts that we discuss in this unit will be dealt in 

detail in the following units of this and upcoming blocks. In particular we will spend 

discussing about Macro and Micro nutrients and their role in human health and diseases 

in units 10-16 of this book.  

9.2 CONCEPT OF MICRO AND MACRO NUTRIENTS: Nutrients are chemicals that any 

living organism needs to continue their survival. Food is composed of a wide 

distribution of nutrients, which have very specific metabolic effects on the human 

body. Some of these nutrients are considered to be essential while others are 

considered to be non-essential. They help give us energy to perform daily functions, as 

well as fuel to build tissues and grow. Essential nutrients are nutrients that cannot be 

synthesized by the human body and therefore must be derived from food sources. 

Essential nutrients include vitamins, minerals, amino acids, fatty acids and some 

carbohydrates as a source of energy. Non-essential nutrients are nutrients which the 

body has the ability to synthesis from other compounds, as well as, from food sources. 
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 Nutrients are generally divided into 2 categories, macronutrients, and 

micronutrients.  

Macronutrients: First, macronutrients are substances that provide caloric value 

(calories) which are metabolized for energy. Macronutrients are called “macro” 

because we need them in large amounts and because they are large in molecular 

standards: -macro literally means very large in scale, or in its Greek understanding, 

“big” or “far”. Essentially, we need more of these large nutrients, making them ‘macro’. 

Micronutrients: Micronutrients are nutrients we need in smaller quantities: hence, -

micro, which is Greek for “small”. These are just as important as macronutrients in the 

sense that we need them, but the key difference lies in the sheer amount of the 

nutrients we need to digest. 

 Macronutrients are vital for every function we perform in the body because they 

provide us with fuel for the body. Without that energy, our bodies would not be able to 

perform the constant upkeep required and we would eventually perish. We have three 

main macronutrients in our diet, each with their own caloric value. They are as 

follows: 

1. Carbohydrate: These are our main source of fuel; they are easily converted into 

fuel; our cells require the glucose of energy; the central nervous system, kidney, brain, 

and muscles need carbohydrates. They can be stored for later use; they help with 

intestinal health and waste elimination; and they are in many foods, making them easy 

to acquire. 

2. Fats: fats help with normal growth and development; a great source of energy; 

helps with absorption of vitamins; provides cushioning for organs; help maintain cell 

membranes; and provide taste, consistency, and stability to food. 

3. Proteins: proteins helps with growth, especially in children, teens, and pregnant 

women; tissue repair; immune function; the making of essential hormones and 

enzymes; providing energy when nothing else is available; and preserving of lean 

muscle mass. 

So which nutrients are most important? 

Regularly, we do not want to burn protein as it has important structural uses in our 

bodies. For example, it shares a vital relationship with amino acids, is important to 
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muscle development, and it performs regular ‘housekeeping’ tasks in every one of our 

cells. In fact, we rarely burn protein unless we are in a period of starvation or, 

alternatively, have a high protein diet where we train our bodies to burn it. On the 

other hand, carbohydrates and fats are our main sources of energy. Carbohydrates, 

proteins, and fats are interchangeable as sources of energy, with fats yielding 9 

calories per gram, and protein and carbohydrates each yielding 4 calories per gram. 

Even at that, our bodies most prefer to burn carbohydrates – they are smaller than 

fats, making them easier to burn, and fat performs special purposes with the 

construction of cells and gives our skin its elasticity.  

Why They’re Important: Micronutrients 

Micronutrients, while in smaller quantities, are just as important for healthy living. 

Micronutrients are vitamins and trace minerals. Vitamins and trace minerals are labeled 

as micronutrients because the body only requires them in very small amounts. Vitamins 

are organic substances that we ingest with our foods, and that “act as catalysts, 

substances that help to trigger other reactions in the body”. Trace minerals are 

inorganic substances that once ingested play a role in a “variety of metabolic processes, 

and contribute to the synthesis of such elements as glycogen, protein, and fats When the 

body uses oxygen, it undergoes wear and tear. That wear and tear is a little something 

we call aging, and it can be destructive to our health; you can think of this like biological 

rust. Micronutrients, which include vitamins– like Vitamin C, B, and E – and minerals – 

like Zinc, Magnesium, and Iron – help to safeguard our bodies. 

One area of special importance is the brain. When our brain uses oxygen, it promotes 

the creation of free radicals. These can get out of control – as the name implies – and can 

cause damage to our cells. Antioxidants, in this case, are our saviours. Because free 

radicals are a normal occurrence in the brain, the regular “input” of antioxidants in your 

diet is vital. Free radicals are more “attracted” to antioxidants than cellular components, 

which mean with the increase in antioxidants, you’ll be more protected from these free 

radicals. Because our bodies do not manufacture all of the needed vitamins, and the 

ones they do are usually in insufficient amounts, we have to be vigilant with our diets. 

9.3 ESSENTIAL NUTRIENTS AND THEIR CLASSIFICATION: The body’s essential 

nutrients are composed of chemical elements found in food and used by the body to 



Unit-9: Nutrition- Macro & Micro nutrients, analysis of nutrients. 
 

KSOU-BC-1.3; Block-3: Unit-9 Page 155 
 

perform many different functions. Food provides heat, promotes growth, repairs 

tissues, and regulates body processes. Nutrition is a vital component of our wellness. 

Our bodies require essential nutrients to provide us with energy, to build and maintain 

body tissues, and to regulate our body functions. If we do not give ourselves these 

nutrients through food our bodies would not be able to function. Below are a list of the 

six essential nutrients, their functions in our body, and the major sources of food which 

provide them.  

9.3.1 CARBOHYDRATES  

Major dietary sources: Grains; breads and cereals, fruits, vegetables, pasta, crackers, 

peas, syrups and milk.  

Carbohydrates are the major source of human energy. They are easily digested. They 

are the cheaper source of energy than fats or proteins. Carbohydrates are made up of 

carbon, hydrogen and oxygen. Carbohydrates should make up 40% - 50% of the daily 

diet. Carbohydrates are referred to as energy-giving foods. They provide energy in the 

form of calories that the body needs to be able to work, and to support other functions. 

Carbohydrates are needed in large amounts by the body. Indeed, up to 65% of our 

energy comes from carbohydrates. They are the body’s main source of fuel because they 

are easily converted into energy. This energy is usually in the form of glucose, which all 

tissues and cells in our bodies readily use. For the brain, kidneys, central nervous 

system and muscles to function properly, they need carbohydrates. These 

carbohydrates are usually stored in the muscles and the liver, where they are later used 

for energy. 

Based on the number of sugar units, carbohydrates are classified into three groups; 

these are monosaccharides, disaccharides and polysaccharides. You need to know 

the classes of carbohydrates to enable you to give relevant advice to patients with 

special needs like diabetes (when someone has problems regulating the amounts of 

glucose in their body). Monosaccharides and disaccharides are referred to as simple 

sugars or simple carbohydrates that our body can easily utilize. For this reason, people 

with diabetes mellitus shouldn’t eat too many of these carbohydrates. Examples include 

sugar, honey, sweet fruits and sugar cane. Polysaccharides are called complex 

carbohydrates and they need to be broken down into simple sugars to be used by our 

body. They can be consumed by diabetic patients without restriction. Examples include 

starch and cellulose. 
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9.3.2 FATS 

Provide the most concentrated form of energy but are a more expensive source of 

energy than carbohydrates. Made of carbon, hydrogen, and oxygen but contain more 

oxygen than carbohydrates. Maintain body temperature by providing insulation; 

cushion organs and bones; aid in the absorption of fat soluble vitamins; provide flavour 

to meals.  

Two classifications of fats: 

 i. Saturated: fats that are solid at room temperature (shortening) 

 ii. Unsaturated: fats that are liquid or soft at room temperature (oils) 

Major Sources:  Saturated fats are primarily from animal sources, palm and coconut, 

oils, and hydrogenated vegetable fats. Unsaturated fats from grains, nuts, deeds, fish, 

and vegetables. 

Cholesterol: A fatty substance found in body cells and animal fats and also 

manufactured by the liver. An excess can contribute to atherosclerosis. Main dietary 

sources: butter, margarine, oils, cream, fatty meats, cheeses, and egg yolk.  

Daily diet should consist of no more than 25% - 30% fat. Fats and oils are concentrated 

sources of energy and so are important nutrients for young children who need a lot of 

energy-rich food. Fats can also make meals more tasty and satisfying. Fat is found in 

meat, chicken, milk products, butters, creams, avocado, cooking oils and fats, cheese, 

fish and ground nuts. 

Fats are classified into saturated and unsaturated fats. The classification is important to 

enable you to advise your community about which fats can be consumed with less risk 

to people’s health. Saturated fats are not good for a person’s health. 

Saturated fats are usually solid at cool temperatures. Eating too much saturated fat is 

not good for a person’s health, as it can cause heart and blood vessel problems. 

Unsaturated fats are usually liquid at room temperature. These types of fats are 

healthy fats. Examples include fats from fish, oil seeds (sesame and sunflower), maize 

oil and ground nut oil and breast milk. 

As a general rule, plant sources of fats are better for a person’s health than the animal 

sources, because animal fats contain more saturated fats. 
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9.3.3 PROTEINS 

Proteins form important parts of muscle, bone, blood, enzymes, some hormones, and 

cell membranes. They also repair tissue, and regulate water and acid-base balance. They 

help in our growth and supply us with energy. Proteins are the basic components of all 

body cells. Essential for building and repairing tissue, regulating body functions, and 

providing energy and heat. Made of carbon, hydrogen, oxygen, nitrogen, and some also 

contain sulphur, phosphorus, iron and iodine.  

Major Sources:  Meat, fish, poultry, eggs, milk products, legumes, and nuts etc.  

Proteins are made up of 22 building blocks called amino acids: 

1. Complete proteins: contain 9 of the amino acids that are essential to life. Found in 

meats, fish, milk, cheeses, eggs etc. 

2. Incomplete proteins: contain any of the remaining thirteen amino acids and some of 

the nine essential amino acids. Found in vegetable foods such as cereals, soybeans, dry 

beans, peas, and peanuts. 

Daily diet should consist of 10% - 15% protein. About 10–35% of calories should come 

from protein. Proteins are needed in our diets for growth (especially important for 

children, teens and pregnant women) and to improve immune functions. They also play 

an important role in making essential hormones and enzymes, in tissue repair, 

preserving lean muscle mass, and supplying energy in times when carbohydrates are 

not available. 

Pregnant women need protein to build their bodies and that of the babies and placentas, 

to make extra blood and for fat storage. Breastfeeding mothers need protein to make 

breast milk. 

9.3.4 VITAMINS 

Vitamins are organic (living) compounds that are essential to life. Vitamins promote 

specific chemical reactions within cells. Vitamins are important for metabolism, tissue 

building, and regulating body processes. Vitamins allow the body to use the energy 

provided by carbohydrates, fats and proteins. Only small amounts of vitamins are 

required; a well balanced diet usually supplies adequate amounts.  

Vitamins are classified as one of two types: 

1. Water soluble: dissolve in water, are easily destroyed by cooking, air and light 

(vitamin C and B complex) 
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2. Fat soluble: dissolve in fat, can be stored in the body, and are not easily destroyed by 

cooking, air and light (Vitamins A, D, E, and K). 

Major Sources: Abundant in fruits, vegetables, and grains. They are also found in meat 

and dairy products. 

Functions and Source of major vitamins 

 

9.3.5 MINERALS 

Minerals are inorganic (non living) elements found in all body cells. Minerals regulate 

body fluids, assist in various body functions, contribute to growth, and aid in building 

tissues. Minerals help regulate body functions, aid in the growth and maintenance of 

body tissues, and act as catalysts for the release of energy.  Minerals are found in most 

food groups. Minerals are the substances that people need to ensure the health and 
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correct working of their soft tissues, fluids and their skeleton. Examples of minerals 

include calcium, iron, iodine, fluorine, phosphorus, potassium, zinc, selenium, and 

sodium. The table give below outlines the functions of some of these important minerals 

and examples of sources of food for each of these. 

Functions and sources of common minerals 

Minerals Function Food sources 

Calcium Gives bones and teeth 

rigidity and strength 

Milk, cheese and dairy products 
Foods fortified with calcium, e.g. flour, 
cereals. eggs, fish cabbage 

Iron Formation of haemoglobin Meat and meat products 
Eggs, bread, green leafy vegetables, 
pulses, fruits 

Iodine For normal metabolism of 

cells 

Iodised salt, sea vegetables, yogurt, 
cow's milk, eggs, and cheese 
Fish; plants grown in iodine-rich soil 

Zinc For children to grow and 

develop normally; for wound 

healing 

Maize, fish, breastmilk, meat, beans 

Fluorine Helps to keep teeth strong Water 

 

9.3.6 WATER 

Water is found in all body tissues. Water essential for the digestion (breakdown) of 

food, makes up most of the blood plasma, helps body tissues absorb nutrients, and helps 

move waste material through the body. The average person needs 6 to 8 glasses of 

water each day. A 50 kg adult contains about 31 litres of water and a one year old; 10 kg 

child contains nearly 8 litres of water. Almost every part of the body contains large 

amounts of water. 

People can live without solid food for a few weeks, but we cannot live without water for 

more than a few days. An adult needs about 2–3 litres of water each day. That is why 

giving drinks are so important when people lose a lot of water, such as when they have 

diarrhoea. 

Water is essential for life. We need water for a number of reasons: 

 For the body to make cells and fluids such as tears, digestive juices and breast milk 
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 For the body to make sweat for cooling itself 

 For essential body processes — most take place in water 

 For keeping the lining of the mouth, intestine, eyelids and lungs wet and healthy 

 For the production of urine, this carries waste from the body. 

 

9.4 THE FOOD GROUPS: There are five basic food groups. : 1. Grains; 2. Vegetables; 3. 

Fruits; 4. Meat, fish, and beans (meat, poultry, fish, dry beans, eggs, nuts, and meat 

alternatives); and 5. Milk (which includes yogurt and cheese).  

Each food group provides certain nutritional benefits, so foods from each group should 

be consumed each day.  

The key to a balanced diet is to recognize that grains (especially whole grains), 

vegetables and fruits are needed in greater proportion than foods from the meat, fish & 

beans and milk groups.  

A healthy and balanced diet also contains a variety of foods from within each food 

group, since each food offers different macronutrients (the energy providing nutrients, 

namely carbohydrates, proteins, and fats) and micronutrients (vitamins and minerals). 

Eating a variety of foods also keeps our meals interesting and full of flavor. Note that the 

Balanced food for Health does not contain sweets, foods that are high in saturated or 

trans fats, or foods that are low in nutrients. These are "sometimes" foods, not every day 

foods. “Sometimes” foods should be eaten in moderation, and they are depicted on a 

small side plate. 

9.4.1 GRAINS: Basic nutrients from the grains category are carbohydrate, fibre, and 

some vitamins and minerals. In the grains group, the healthiest choices are whole 

grains, the less processed the better. Whole grains contain fibre, vitamins, and minerals; 

the refining process strips away many of these beneficial nutrients. Even though refined 

grains (such as white bread, white rice, and white pasta) are fortified with vitamins and 

minerals, fortification does not replace all of the lost nutrients. Choose foods that list a 

whole grain as the first ingredient. Examples of whole grains include whole wheat 

bread, oatmeal, whole-grain crackers and breakfast cereals, whole wheat pasta, and 

other whole grains such as barley, brown rice, and plain popcorn. Look at the % Daily 

Value (% DV) for fibre on the Nutrition Facts label. The % Daily Value tells you whether 

a food is low or high in a nutrient. Wholegrain foods have a higher % DV for fibre. 
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9.4.2 VEGETABLES: Vegetables (e.g., broccoli, spinach, and carrots) provide vitamins A 

and C and folate as well as iron and magnesium. They are low in saturated and trans fat 

and high in fibre. It is advised to consume vegetables in a rainbow of colours, especially 

dark green (e.g., broccoli, spinach, lettuce, kale) and orange (e.g., carrots, sweet 

potatoes, winter squash). One serving of vegetables is 1/2 cup of cooked or raw 

vegetables, 1 cup of raw leafy vegetables, or a small glass of 100% vegetable juice. 

9.4.3 FRUITS: Fruits (e.g., oranges, cantaloupe, and strawberries) supply vitamins A 

and C as well as potassium. They are also low in saturated and trans fat and high in 

fibre. It is advised to choose whole fruits or sliced fruits rather than fruit juices, since 

they contain the most fibre; if eating canned fruit, choose fruit canned in juice (rather 

than fruit canned in syrup). 

One serving of fruit is 1 medium apple, banana, or orange; 1/2 cup chopped, cooked, or 

canned fruit; or a small glass of 100% fruit juice. Make sure to limit your consumption of 

100% fruit juice to no more than 8 ounces per day; juice has vitamins and minerals, but 

it is naturally high in fruit sugar (fructose) and it lacks the fibre found in whole fruit. 

9.4.4 MEAT FISH AND BEANS: Foods in the meat, fish, and beans group supply protein, 

B vitamins, iron, and zinc. They are primarily responsible for building and repairing 

muscles and tissues, digesting nutrients, and improving immunity and blood quality. It 

is advisable to choose dry beans and peas, fish, poultry, nuts, and high-protein 

vegetarian alternatives more often than meat; when eating meat, choose lean cuts; 

remove the skin from poultry to reduce saturated fat. 

9.4.5 MILK: Dairy products are the best sources of calcium. They supply protein, 

riboflavin, and vitamins A and D (if fortified). This group helps promote strong bones 

and healthy teeth. It is advisable to choose plain low-fat (1%) or non-fat milk, yogurt, 

and other dairy foods. People who cannot drink milk can choose lactose-free milk or 

calcium-fortified plain soy milk or rice milk. 

 

9.5 PROXIMATE ANALYSIS OF FOODS: This system of analysis divides the food into six 

fractions: moisture, ash, crude protein, ether extract, crude fibre and nitrogen-free 

extractives. The moisture content is determined as the loss in weight that results from 

drying a known weight of food to constant weight at 100oC. This method is satisfactory 

for most foods, but with a few, such as silage, significant losses of volatile material may 

take place. 
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The ash content is determined by ignition of a known weight of the food at 550oC until 

all carbon has been removed. The residue is the ash and is taken to represent the 

inorganic constituents of the food. The ash may, however, contain material of organic 

origin such as sulphur and phosphorus from proteins, and some loss of volatile material 

in the form of sodium, chloride, potassium, phosphorus and sulphur will take place 

during ignition. The ash content is thus not truly representative of the inorganic 

material in the food either qualitatively or quantitatively. 

The crude protein (CP) 

content is calculated from the 

nitrogen content of the food, 

determined by a modification 

of a technique originally 

devised by Kjeldahl over 100 

years ago. In this method the 

food is digested with sulphuric 

acid, which converts to 

ammonia all nitrogen present 

except that in the form of 

nitrate and nitrite. This ammonia is liberated by adding sodium hydroxide to the digest, 

distilled off and collected in standard acid, the quantity so collected being determined 

by titration or by an automated colorimetric method. It is assumed that the nitrogen is 

derived from protein containing 16 per cent nitrogen, and by multiplying the nitrogen 

figure by 6.25 (i.e. 100/16) an approximate protein value is obtained. This is not 'true 

protein' since the method determines nitrogen from sources other than protein, such as 

free amino acids, amines and nucleic acids, and the fraction is therefore designated 

crude protein. 

The ether extract (EE) fraction is determined by subjecting the food to a continuous 

extraction with petroleum ether for a defined period. The residue, after evaporation of 

the solvent, is the ether extract. As well as lipids it contains organic acids, alcohol and 

pigments. In the current official method, the extraction with ether is preceded by 

hydrolysis of the sample with sulphuric acid and the resultant residue is the acid ether 

extract. 
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The carbohydrate of the food is contained in two fractions, the crude fiber (CF) and the 

nitrogen-free extractives (NFE). The former is determined by subjecting the residual 

food from ether extraction to successive treatments with boiling acid and alkali of 

defined concentration; the organic residue is the crude fiber. 

When the sum of the amounts of moisture, ash, crude protein, ether extract and crude 

fiber (expressed in g/kg) is subtracted from 1000, the difference is designated the 

nitrogen-free extractives. The crude fiber fraction contains cellulose, lignin and 

hemicelluloses, but not necessarily the whole amounts of these that are present in the 

food: a variable proportion, depending upon the species and stage of growth of the plant 

material, is contained in the nitrogen-free extractives. The nitrogen-free extractives 

fraction is a heterogeneous mixture of all those components not determined in the other 

fractions. It includes sugars, starch, pectins, organic acids and pigments, in addition to 

those components mentioned above. 

9.6 SUMMARY 

1. Carbohydrates, proteins, fats, vitamins, minerals, water and fibre are the main groups 

of nutrients which together, but in variable amounts, make up a balanced diet. 

2. Nutrients are grouped into macronutrients and micronutrients. Carbohydrates, 

proteins, fats and water are macronutrients, and vitamins and minerals are 

micronutrients. 

3. Although most foods are mixtures of nutrients, many of them contain a lot of one 

nutrient and a little of the other nutrients. Foods are often grouped according to the 

nutrient that they contain in abundance. 

4. Unsaturated fats are healthy fats; saturated fats are unhealthy fats. Therefore people 

in your community need to eat more of the unsaturated fats and try to reduce their 

intake of saturated fats. 

5. Vitamins are substances present in small amounts in foodstuffs and are necessary for 

the body to function normally. Vitamins are also called protective foods. 

6. Minerals have a number of functions in the body including developing body tissues 

and supporting metabolic processes. The minerals that are of most importance are 

calcium, iron, iodine, zinc and fluorine. 
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7. In order to have a healthy life and good nutritional status, a person needs to eat a 

balanced diet. We need to know the commonly used food groups in order to advise 

the people in our community on how to have a balanced diet. 

8. Proximate Analysis is a partitioning of compounds in food into six categories based 

on the chemical properties of the compounds. The six categories are: 1. Moisture, 2 

Ash, 3. Crude protein (or Kjeldahl protein), 4. Crude lipid, 5. Crude fibre and 6. 

Nitrogen-free extracts (digestible carbohydrates) 

 

9.7 KEY WORDS: Macro-nutrients, Micro-nutrients, Essential Nutrients, Food Groups, 

Proximate Analysis, Fats, Carbohydrates, Proteins, Vitamins, Minerals, Grains, Cereals, 

Milk, Meat, Egg, Beans, Fruits, Vegetables. 

 

9.8 QUESTIONS FOR SELF STUDY 

1) Define the concept of micro and macro nutrients 

2) What are essential nutrients? How are they classified 

3) What is the difference between essential and non essential nutrients? 

4) What are food groups? Explain in detail 

5) Write in detail about the proximate analysis of food. 
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10.0 OBJECTIVES: After studying this unit thoroughly, you should be able to,  

 Describe how food serves as source of energy 

 Explain energy value of foods and methods of determining the same 

 Evaluate the daily requirement of energy by a normal human being 

 Express the importance of  basal metabolic rate (BMR) and various factors that 

affect BMR 

 

10.1 INTRODUCTION: The studies on energy metabolism of food were carried out by 

Lavoisier, who is rightly called the pioneer. He along with Laplace, carried out, during 

the 18th century, experiments with guinea pigs and found a relationship between heat 

produced and CO2 output. Later, Lavoisier also measured the oxygen consumed by men 

and found that exercise increased the O2 consumption. In 1886, Pettenkofer and Voit 

build the first human respiration calorimeter. They measured the heat output, nitrogen 

excretion in urine and CO2 output in fasting man for 24 hrs. During 1892-1902, Atwater 

did pioneering work and established clearly, the relations between foods consumed, 

heat output, O2 consumed and CO2 output by conducting experiments with human 

subjects using an improved type of human respiration calorimeter. Further, H. Armsby, 

F. Benedict and E. F. DuBios contributed extensively towards the energy metabolism 

studies.  

In the current unit we will study in detail about food as source of energy, various 

methods used to determine the energy value of foods. We will also study the 

physiological fuel values and daily requirement of energy. At the end of this chapter we 

will discuss about the basal metabolic rate (BMR) and various factors which affect BMR. 

10.2 FOOD AS SOURCE OF ENERGY: Food energy is energy that animals 

(including human beings) derive from their food, through the process of cellular 

respiration, the process of joining oxygen with the molecules of food (aerobic 

respiration) or of reorganizing the atoms within the molecules for anaerobic 

respiration. 

Animals need a minimum intake of food energy in order to sustain their metabolism and 

drive their muscles. For humans, food energy typically comes from joining oxygen 
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with carbohydrates, fats, proteins, organic acids, polyols, and ethanol present in the 

diet. Some diet components that provide little or no food energy, such 

as water, minerals, vitamins and fiber, may still be necessary to health and survival for 

other reasons. Ruminants are able to extract food energy from the respiration 

of cellulose thanks to bacteria in their rumens. 

In the International System of Units, energy is measured in Joules (J) or its multiples; 

the kilojoules (kJ) is most often used for food-related quantities. An older metric 

system unit of energy, still widely used in food-related contexts, is the calorie; more 

precisely, the "food calorie", "large calorie" or kilocalorie (kcal or Cal), equal to 4.184 

kilojoules. (It should not be confused with the "small calorie" (cal) that is often used 

in chemistry and physics, equal to 1/1000 of a food calorie.) Within the European 

Union, both the kilocalorie ("kcal") and kilojoule ("kJ") appear on nutrition labels. In 

many countries, only one of the units is displayed; in the US and Canada the unit is 

spelled out as "calorie" or "Calorie". 

Fats and ethanol have the greatest amount of food energy per mass, 38 and 30 kJ/g (9 

and 7 kcal/g), respectively. Proteins and most carbohydrates have about 17 kJ/g (4 

kcal/g). Carbohydrates that are not easily absorbed, such as fiber or lactose in lactose-

intolerant individuals, contribute less food energy. Polyols (including sugar alcohols) 

and organic acids have less than 17 kJ/g (4 kcal/g). 

Theoretically, food energy could be measured in different ways, such as Gibbs free 

energy of combustion, or the amount of ATP generated by metabolizing the food. But 

the convention is to use the heat of the oxidation reaction, with the water 

substance produced being in the liquid phase. Conventional food energy is based on 

heats of combustion in a bomb calorimeter and corrections that take into consideration 

the efficiency of digestion and absorption and the production of urea and other 

substances in the urine. These were worked out in the late 19th century by the 

American chemist Wilbur Atwater. See Atwater system for more detail. 

Each food item has a specific metabolisable energy intake (MEI). This value can be 

approximated by multiplying the total amount of energy associated with a food item by 

85%, which is the typical amount of energy actually obtained by a human after 

respiration has been completed. In animal nutrition where energy is a critical element 

of the economics of meat production, a specific metabolisable energy may be 

determined for each component (protein, fat, etc.) of each ingredient of the feed. 



Unit-10: Food energy, fuel value, BMR, SDA 
 

KSOU-BC-1.3; Block-3: Unit-10 Page 168 
 

 

10.3 ENERGY USAGE IN THE HUMAN BODY: The human body uses the energy 

released by respiration for a wide range of purposes: about 20% of the energy is used 

for brain metabolism, and much of the rest is used for the basal metabolic requirements 

of other organs and tissues. In cold environments, metabolism may increase simply to 

produce heat to maintain body temperature. Among the diverse uses for energy, one is 

the production of mechanical energy by skeletal muscle to maintain posture and 

produce motion. 

The conversion efficiency of energy from respiration into mechanical 

(physical) power depends on the type of food and on the type of physical energy usage 

(e.g. which muscles are used, whether the muscle is used aerobically or an aerobically). 

In general, the efficiency of muscles is rather low: only 18 to 26% of the energy 

available from respiration is converted into mechanical energy.  This low efficiency is 

the result of about 40% efficiency of generating ATP from the respiration of food, losses 

in converting energy from ATP into mechanical work inside the muscle, and mechanical 

losses inside the body. The latter two losses are dependent on the type of exercise and 

the type of muscle fibers being used (fast-twitch or slow-twitch). However, alterations 

in the structure of the material consumed can cause modifications in the amount of 

energy that can be derived from the food; i.e. caloric value depends on the surface area 

and volume of a food. For an overall efficiency of 20%, one watt of mechanical power is 

equivalent to 4.3 kcal (18 kJ) per hour. For example, a manufacturer of rowing 

equipment shows calories released from 'burning' food as four times the actual 

mechanical work, plus 300 kcal (1,300 kJ) per hour, which amounts to about 20% 

efficiency at 250 watts of mechanical output. It can take up to 20 hours of little physical 

output (e.g. walking) to "burn off" 4,000 kcal (17,000 kJ) more than a body would 

otherwise consume. For reference, each pound of body fat equates to approximately 

3,500 calories. 

The differing energy density of foods (fat, alcohols, carbohydrates and proteins) lies 

mainly in their varying proportions of carbon, hydrogen, and oxygen atoms. This then 

determines the volume of oxygen needed for (aerobic) respiration, approximately 300 

kJ per mole of molecular oxygen that reacts.  

In addition, the quality of calories matters because the energy absorption rate of 

different foods with equal amounts of calories may vary. Some nutrients have 
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regulatory roles affected by cell signaling, in addition to providing energy for the 

body. For example, leucine plays an important role in the regulation of protein 

metabolism and suppresses an individual's appetite. Saturated fats promote fat 

synthesis in the human body, while PUFAs (poly unsaturated fatty acids) inhibit fat 

synthesis and promote fat oxidation.  

Swings in body temperature – either hotter or cooler – increase the metabolic rate, thus 

burning more energy. Prolonged exposure to extremely warm or very cold 

environments increases the basal metabolic rate (BMR). People who live in these types 

of settings often have BMRs 5–20% higher than those in other climates. Physical activity 

also significantly increases body temperature, which in turn uses more energy from 

respiration. 

10.4 METHODS OF DETERMINING ENERGY VALUE OF FOODS: The energy or calorific 

value of foods depends on the quantity of carbohydrates, fats and proteins present in 

them. This can be determined by oxidizing known weight of food in an instrument 

called bomb calorimeter and measuring heat produced. 

Energy units: The energy value of food can be expressed in terms of Kilo calories (Kcal) 

or mega joules (MJ).  

Kilo calorie: One kilogram calorie is the quantity of heat required to raise the 

temperature of 1KG of water through 1ºC. It is one thousand times the small calorie 

used in physics. 

Mega joule: One kilocalorie equals 4.186 kilo joules. Hence 1,000 kilo calorie equals 

4.186x103 or 4.186 mega joules. 

1 Mega Joules = 1,000 kilo joules = 239 Kcal; 1 Kilo calorie = 4.186 kilo joules. 

 

10.4.1 DETERMINING ENERGY VALUE OF FOOD USING BOMB CALORIMETER: The 

energy value of food is usually determined by bomb calorimeter. It consists of a heavy 

steel bomb with platinum or gold plated copper lining and cover held tightly in place by 

means of a strong screw collar. A weighed amount of sample usually pressed into pellet 

form, is placed in a capsule within the bomb which is then closed except for the oxygen 

valve, charged with oxygen to a pressure of about 300 pounds to the square inch. The 

oxygen valve is then closed and the bomb immersed in a weighed amount of water. The 

water is constantly stirred and its temperature taken at intervals of one minute by 

means of a differential thermometer. This thermometer is capable of being read to one 
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thousandth of a degree. After the temperature of the water has been determined, the 

sample is ignited by means of an electric fuse and on account of the large amount of 

oxygen present; it undergoes rapid and complete combustion. The heat liberated is 

absorbed by the water in which the 

bomb is immersed and the 

resulting rise in temperature is 

accurately determined. The 

thermometer readings are also 

continued through an after period 

in order that the radiation 

correction may be calculated and 

the observed rise of temperature 

corrected accordingly. This 

corrected rise multiplied by the 

total heat capacity of the apparatus and the water in which it is immersed, gives the 

total heat liberated in the bomb. 

Example:  Wt of wheat taken = 2g 

               Wt of water in outside vessel= 3000g 

Water equivalent of the calorimeter = 500g 

Initial temperature of water= 24 OC 

Final temperature of water = 26 OC 

Rise in temperature = 2OC 

Heat gained by water and calorimeter = 3500 x 2 = 7,000 small calories or 7Kcal 

2g wheat produces 7 Kcal. 1g wheat produces 3.5 Kcal 

Calorific value of 1g of wheat= 3.5 Kcal 

Average calorific value of pure carbohydrate, fats and protein are 

1g carbohydrate= 4.1 calorie 

1gm fat = 9.45 calorie 

1gm protein= 5.65 calorie. 

 

10.5 PHYSIOLOGICAL ENERGY VALUE OF FOOD: 

In Bomb calorimeter carbohydrates and fats are completely oxidized to CO2 and water. 

Protein is oxidized to CO2 water and nitrogen. Another important error in the use of 
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bomb calorimeter for determining the calorific value of foods of vegetable origin is that 

the fiber present in foods is burnt and yields energy, while it is not utilized by human 

beings. During utilization of carbohydrates fats and proteins in the body, a certain 

percentage is lost in digestion and the nitrogen in proteins is excreted mainly a urea 

which contains some energy value. 

Loss in digestion: The average losses of carbohydrates, fats and proteins during 

digestion in human beings on diet consumed in Western countries have been estimated 

to be as 2 per cent for carbohydrates, 5 percent for fats and the 8 percent for proteins. 

Food energy available after loss in digestion is shown in the table below.  

 

 
 
Nutrient 

 
 

Gross 
energy 
value 
(Kcal/g) 

Loss of 
food 
energy in 
digestion 
% 

Energy 
available 
after 
digestion 
(Kcal/g) 

Loss of food 
energy in 
metabolism 
(Kcal) 

Physiological 
energy value 
of foods 
(Kcal/g) 

Carbohydrates 

Fats 

Proteins 

4-1 

9-45 

5-65 

2 

5 

8 

4-0 

9-0 

5-2 

Nil 

Nil 

1-2 

4-0 

9-0 

4-0 

 

Loss of energy in metabolism due to incomplete oxidation: there is no loss in 

metabolism in the case of carbohydrates and fats. But in the case of proteins a part of 

the energy is lost as urea due to in complete oxidation. This loss has been estimated as 

1.2 cal. per gram of protein oxidized. The physiological energy value of carbohydrates, 

fats and proteins are 4, 9 and 4 after making allowances for losses of food energy in 

digestion and metabolism. These values are known as Atwater -Bryant factors. Rubner 

estimated different values which is slightly higher. 

 Rubner Atwater-Bryant 

Carbohydrate 

Fat 

Protein 

4.1 

9.3 

4.1 

4.0 

9.0 

4.0 

               

10.6 BENEDICT'S OXY CALORIMETER: Another apparatus used for the determination 

of the energy value of foods is the oxy-calorimeter, devised by Benedicts and co 

workers.  This instrument measures the volume of oxygen required to burn a known 
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weight of the food. The apparatus consists of a combustion chamber, in which the 

weighed sample is burnt, a soda lime container for absorption of carbon dioxide, a 

spirometer for measuring the oxygen used and a motor- bowl unit for circulating the gas 

mixture. Using this instrument the amount of oxygen consumed in burning of 1g of pure 

carbohydrate, fat, protein can be determined. The factors for converting liters of oxygen 

to calories are given Benedict's laboratory. 

Relation Between oxygen required and calorific value: It is of importance to know 

the heat produced when 1 liter of oxygen is used for the oxidation of carbohydrates, 

fats, proteins. This can be calculated from the data obtained by the oxycalorimeter and 

bomb calorimeter as explained below 

10.7 DIRECT CALORIMETRY: The relation between energy output and oxygen 

consumed has been determined using the human respiration calorimeter. Reliable data 

regarding the energy 

output and oxygen 

consumed in human 

beings could be 

obtained only after 

Atwar-Rosa-Benedict 

perfected the human 

respiration 

calorimeter. This 

equipment consists 

of an airtight copper 

chamber insulated by 

wooden walls with 

air space in between. A folding bed, chair and table are provided in the chamber. A man 

can comfortably stay in the calorimeter for a few days and do some work such as 

reading, writing, etc. A small opening is provided at the two ends for passing foods and 

drinks and removing the excreta .The chamber is ventilated by a current air, the CO2 and 

water given off are removed by soda lime and sulphuric acid respectively. Oxygen 

utilized by the subject is replaced by introducing known amounts of oxygen through gas 

meter into the chamber with the air current. From the above the quantity of oxygen 
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consumed and CO2 produced can be calculated. The heat produced is measured 

accurately by circulating a current of water through copper pipes and measuring the 

quantity of water that has been circulated through the chamber and also the difference 

between the temperature of the water entering and leaving the chamber. 

Example:  Adult weighing 65 Kg 

Amount of heat output in 24 hrs- 2400 Kcal 

Amount of Oxygen consumed in 24 hours - 500 liters 

Heat Output per liter of oxygen consumed- 4.8 Kcal. 

 

10.8 FUEL VALUE OF FOOD MATERIALS: If the composition of a food is known, its 

approximate fuel value is easily computed by means of the above factors. Thus milk of 

about average composition contains: Protein, 3.3%; fat, 4.0%; carbohydrate, 5.0%. One 

hundred grams of such milk will furnish in the form of protein (3.3 X 4) = 13.2 Calories; 

of fat (4.0 X 9) = 36.0 Calories; of carbohydrate (5.0 X 4) = 20.0 Calories; total for 100 

grams of milk, 69.2 Calories. 

Eggs contain on the average, in the edible portion, 13.4% protein, 10.5% fat, and no 

appreciable amount of carbohydrate. They would then furnish per 100 grams (13.4 X 4) 

+ (10.5 X 9) = 148.1 Calories. 

Milk and eggs are sufficiently similar to be used interchangeably in the adult dietary 

within reasonable limits, but evidently they furnish, weight for weight, very different 

amounts of nutrients and energy. Ordinarily the quantities to be taken as equivalent or 

mutually replaceable are those which furnish equal fuel value, e.g. 100-Calorie portions, 

the weights of which may be calculated directly from the fuel values of100 grams. 

Thus, for milk - 100 grams furnish 69.2 Calories; then, if x be the number of grams 

which furnish100 Calories: 

100: 69.2: : x: 100; x = 145-, Similarly for eggs:100:148:: x: 100; x = 68. 

And since the two extremes in the proportion are always the same, the weight in grams 

of the 100-Calorie portion may always be found by dividing 10,000 (the product of the 

extremes) by the number of Calories per 100 grams. 
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The fuel value of foods is often stated in Calories per pound. Thus in the same table 

(Bull. 28) from which the above figures for composition are taken, the fuel value of milk 

is given as 325 Calories per pound. Since 453.6 grams furnish 325 Calories, - 453.6: 

325:: x :100; =139.6, the number of grams required to furnish100 Calories. This figure is 

about 3% less than the one found above because it is based on a fuel value computed by 

Rubner's factors, which are 2.5 to 3.3% higher than the factors based on more recent 

work. 

10.9 DAILY REQUIREMENT OF ENERGY 

We know definitely from accurate experiments that the "physiological fuel values" 

which have been deduced represent the energy which is actually obtained by the body 

from the food and which appears as muscular work or as heat; and we have every 

reason to suppose that under ordinary conditions the carbohydrates, fats, and proteins 

each supply the body with the kinds of energy needed for its maintenance and for its 

work, approximately in proportion to their fuel values as calculated above. We do not 

now believe that any one nutrient is used to the exclusion of others as a source of 

energy for neither any particular function, nor indeed that the body makes any 

particular distinction between the foodstuffs as sources of energy. The fuel value of the 

diet as a whole is utilized to meet the energy requirements of the whole body. For the 

present, therefore, it is the fuel value of the day's dietary which we have to consider 

rather than the distribution of this as regards protein, fats, and carbohydrates. 

The total food (or energy) requirement is best expressed in Calories per day, either for 

the whole body or per kilogram of body weight, and for convenience of discussion it is 

usually assumed that the average body weight (without clothing) is for men 70 

kilograms (154 pounds) and for women eight tenths as much, 56 kilograms (123 

pounds). 

There are four important methods of studying the food requirements of man:  

1. By observing the amount of food consumed (dietary studies). 

2. By observing the amount of oxygen consumed - preferably also the respiratory 

quotient (respiration experiments). 

3. By determining the balance of intake and output (carbon and nitrogen metabolism 

experiments). 

4. By direct measurement of heat given off by the body (calorimeter experiments). 
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Dietary Studies 

Most dietary studies give little more than a general indication of the food habits of the 

people studied; but in cases where persons have maintained for a long time the same 

dietary habits and other conditions of life, and the body weight has remained practically 

constant, it may be fairly safe to assume that the food has furnished just about the right 

amount of energy for the maintenance of the body under the observed conditions. 

Great care must be taken in drawing inferences from the body weight because of the 

readiness with which the body gains or losses moisture. Athletes often lose 2 or 3 

pounds in an hour of vigorous exercise and regain it in less than a day. Gain or loss of 

body weight during short periods, therefore, does not by any means necessarily imply a 

corresponding gain or loss of fat. The body may lose fat and at the same time maintain 

its weight through gaining water, or vice versa. When, however, the weight remains 

nearly the same for months at a time, it may usually be assumed that there is no 

important gain or loss of tissue and that the body is receiving just about the proper 

amount of total food for its needs. Under these conditions an accurate observation of the 

food consumed may give valuable indications as to the actual food requirement. Of such 

dietary studies perhaps the most useful individual example is that of Neumann, who 

reduced his diet to what appeared to be just about sufficient for his needs and then 

recorded all food and drink taken during a period of 10 months in which the body 

weight remained nearly constant. The average daily food furnished:  

Nutrients Factors Calories Total Calories per Day 

Protein 66.1 grams x 4. = 264.4 

2242 Fat 83.5 grams x 9. = 751.5 

Carbohydrate † 306.5 grams x 4. = 1226.0 

The 2242 Calories per day were evidently fully sufficient to meet the energy 

requirements of this man, whose weight was 66.5 to 67 kilograms (about 147 pounds) 

and who was engaged at his usual (mainly sedentary) professional work.  
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Later, when his weight had increased to 71.5 kilograms (157 pounds) as the result of 

following for a time a more liberal diet (furnishing about 2600 Calories per day), he 

again observed his dietary while taking what was supposed to be an amount of food 

sufficient for the maintenance of the body and no more. This second dietary study was 

continued for 8 months, during which the average daily food consumption was found to 

be: 

Nutrients Factors Calories Total Calories per Day 

Protein 76.2 grams X 4. = 304.8 1 

2000 Fat  109.0 grams x 9. = 981.0 

Carbohydrates  178.6 grams x 4. = 714.4 

The body weight remained nearly constant. 

These results indicate that this subject, a man of average size, having a normal 

professional life involving no manual labor in the ordinary sense, but not excluding such 

muscular movements as are naturally incidental to a sedentary occupation, found his 

energy requirements satisfied with food furnishing 2000 to 2250 Calories per day.                              

10.10 BASAL METABOLIC RATE (BMR)  

Definition: The energy metabolism of a subject at complete physical and mental rest 

and having normal body temperature and in 

the post absorptive state (i.e., 12 after the 

intake of last meal) is known as Basal 

Metabolism. 

Determination of basal metabolism: Basal 

metabolism is determined by the using the 

apparatus of Benedict and Roth. The 

apparatus is closed circuit system in which 

the subject breathes, in oxygen from a metal 

cylinder of about 6- liter capacity and CO2 

produced is absorbed by soda lime present 

in the tower. The oxygen cylinder floats on 

the water present in an outer tank. The subject wears a nose clip and breathes through 

mouthpiece the oxygen present in the cylinder for a period of 6 minutes. The volume of 



Unit-10: Food energy, fuel value, BMR, SDA 
 

KSOU-BC-1.3; Block-3: Unit-10 Page 177 
 

O2 used is recorded on a graph paper attached to a revolving drum by a pen attached to 

it. Since the subject is in the post - absorptive state, R.Q. is assumed to be 0.82 and the 

calorific value of one liter of O2 consumed is taken as 4.8Kcal. 

Example: Adult male, 50 kg body weight 

Oxygen consumed in 6 minutes= 1,100ml 

Heat produced in 6 minutes= 4.8x1.1=5.28Kcal 

Heat produced in 24 hrs = 5.2x 10x24=1,267 Kcal 

The basal metabolism of the individual for 24 hrs= 1,267 Kcal. 

Standards for basal metabolism: After many studies it was shown that basal 

metabolism is most closely related to the body surface area and less directly related to 

either to the weight or height of the individual.  The body surface area can be calculated 

according to the formula of DuBois and DuBois.  

A= W 0.425 x H0.725 x 71.84 

A= body surface area in square centimeters 

W= weight in Kg 

H= Height in centimeters 

Log A= (Log W x 0.425) + (Log H x 0.725) + 1.8564. 

FACTORS AFFECTING BMR: 

1) Body Composition: Muscles, glands and organs like liver are metabolically more 

active as they consume more oxygen per unit of weight and producing more heat. While 

bone tissue,adipose tissue are metabolically less active thus the require less oxygen so 

produce less energy. BMR for a person who has higher proportion of muscle mass is 

high compare to person who has higher proportion of fat and bone mass. i.e. More 

Muscle mass high BMR less muscle mass low BMR 

2) Body size: The BMR is closely related to the body surface area. This has been shown 

from experiments with human subjects and also in different animals. 

3) Physical Activity: Sedentary lifestyle leads to lower BMR because it leads to less 

active muscles. During night following a day of strenuous muscular work the BMR is 

higher than after the inactive day. 

4) Gender: Women have lower BMR than men because of the production of sex 

hormones during puberty which retains adipose tissues in women and muscle tissues in 
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men. Generally BMR of women is 10-12% lower than those of men of same age, height 

and weight. 

5) Age: BMR is highest in 1st two years of life, and then it reduced gradually throughout 

the childhood and accelerates during puberty. After adolescence stage BMR declines 

gradually throughout the life.BMR declines on an average 2% per decade after the age of 

21 years. 

6) Sleep: During sleep BMR falls by 10% below that of levels measured when person is 

awake. 

7) Body Temperature: BMR increase with the increasing body temperature because of 

chemical reactions in the body speeds up with increasing body temperature. 

8) Climatic Conditions: People living in cold climate have higher BMR compare to 

people live in tropical area.  

9) Fear and Nervous Tension: Fear and Nervous tension during the test increase the 

BMR 

10) Food: Food has stimulating affect on BMR. If a person in post absorptive state is 

given food the BMR is increased by about 8 percent.  

11) Under nutrition and starvation: Prolonger under nutrition and starvation can 

cause a reduction of about 10-20 percent less than in BMR 

12) Thyroid: Hypothyroidism decreases BMR up to 30 percent and hyperthyroidism 

may cause in increase in BMR up to 100 percent depending upon severity of condition 

13) Adrenalin: Injecting 1mg of adrenalin increases the BMR by about 20 percent for 

few hours 

10.11 SPECIFIC DYNAMIC ACTION OF FOODS: 

The specific dynamic action (SDA) of a food represents the effort or energy that the 

body has to use to break down the food until it is reduced to its basic unit, which is the 

only form in which it can enter the bloodstream. The work level this involves depends 

on the food’s consistency and its molecular structure. 

When we eat 100 calories of white sugar, the work the body must do to absorb it burns 

up to 7 calories, so 93 usable calories remain. Thus the SDA for carbohydrates is 7%. 

When a person eats 100 calories of butter or oil, the body burns 12 calories in absorbing 

them, leaving only 88 usable calories. Thus the SDA of fats is 12 percent.  

Finally, to assimilate 100 calories of pure protein - egg whites, lean fish, or nonfat 

cottage cheese - the task is enormous. This is because protein is composed of an 
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aggregate of very long chains of molecules whose basic links, amino acids, are 

connected to each other by a strong bond that requires a lot more work to be broken 

down. It takes 30 calories just to assimilate the proteins, leaving only 70 usable calories. 

Thus the SDA of proteins is 30 percent. When different amino acids were fed like 

glycine, alanine, and phenylalanine were found to produce high SDA. According to Krebs 

two main factors are responsible for the high SDA protein 

1. The energy required for deamination of amino acids which again is derived by the 

oxidation of other metabolites. 

2. The energy required for the synthesis of urea which is obtained by the oxidation of 

other metabolites present in the tissue. 

 

10.12 SUMMARY 

 The initial studies and standardization of various methods of determining the energy 

metabolism of food were carried out by Lavoisier, Laplace, Pettenkofer, Voit, Atwater, 

Armsby, Benedict and DuBios during the period mid 18th and mid 19th century.  

 Animals need a minimum intake of food energy in order to sustain 

their metabolism and drive their muscles. Fats and ethanol have the greatest amount 

of food energy per mass, 38 and 30 kJ/g (9 and 7 kcal/g), respectively. Proteins and 

most carbohydrates have about 17 kJ/g (4 kcal/g). Carbohydrates that are not easily 

absorbed, such as fiber or lactose in lactose-intolerant individuals, contribute less 

food energy. Polyols (including sugar alcohols) and organic acids have less than 17 

kJ/g (4 kcal/g). 

 The energy value of food can be expressed in terms of Kilo calories (Kcal) or mega 

joules (MJ). Kilo calorie: One kilogram calorie is the quantity of heat required to 

raise the temperature of 1KG of water through 1ºC. It is one thousand times the small 

calorie used in physics. Mega joule: One kilocalorie equals 4.186 kilo joules. Hence 

1,000 kilo calorie equals 4.186x103 or 4.186 mega joules. 1 Mega Joules = 1,000 kilo 

joules = 239 Kcal; 1 Kilo calorie = 4.186 kilo joules. 

 The energy value of food can be determined using bomb calorimeter. Average 

calorific value of pure 1g carbohydrate= 4.1 calorie, 1gm fat = 9.45 calorie and 1gm 

protein= 5.65 calorie. 

 Physiological energy value of food is the amount of energy that is obtained by food 

following loss during digestion. Average losses of carbohydrates, fats and proteins 
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during digestion in human beings on diet consumed have been estimated to be as 2% 

for carbohydrates, 5% for fats and 8% for proteins.  

 Fuel value of food can be determined if its approximate composition is known. Eg. 

milk of about average composition contains: Protein, 3.3%; fat, 4.0%; carbohydrate, 

5.0%. One hundred grams of such milk will furnish in the form of protein (3.3 X 4) = 

13.2 Calories; of fat (4.0 X 9) = 36.0 Calories; of carbohydrate (5.0 X 4) = 20.0 

Calories; total for 100 grams of milk, 69.2 Calories. Egg on the other hand contain on 

the average, in the edible portion, 13.4% protein, 10.5% fat, and no appreciable 

amount of carbohydrate. They would then furnish per 100 grams (13.4 X 4) + (10.5 X 

9) = 148.1 Calories. 

 There are four important methods of determining the daily food/ energy 

requirements of man: 1. By observing the amount of food consumed (dietary 

studies). 2. By observing the amount of oxygen consumed - preferably also the 

respiratory quotient (respiration experiments). 3. By determining the balance of 

intake and output (carbon and nitrogen metabolism experiments). 4. By direct 

measurement of heat given off by the body (calorimeter experiments). 

 Basal metabolic rate (BMR): The energy metabolism of a subject at complete physical 

and mental rest and having normal body temperature and in the post absorptive 

state (i.e., 12 after the intake of last meal) is known as Basal Metabolism. BMR is 

determined using apparatus of Benedict and Roth. The BMR of an adult male with 50 

kg for 24 hrs= 1,267 Kcal. Factors affecting BMR include: Body Composition, Body 

size, Physical Activity, Gender, Age, Sleep etc. 

 Specific dynamic action of foods (SDA) represents the effort or energy that the body 

has to use to break down the food until it is reduced to its basic unit, which is the 

only form in which it can enter the bloodstream. When a person eats 100 calories of 

butter or oil, the body burns 12 calories in absorbing them, leaving only 88 usable 

calories. Thus the SDA of fats is 12 percent. Similarly the SDA of proteins is 30% and 

that of carbohydrates is 7%. 

 

10.13 KEY WORDS: Food, Energy, Nutrition, Nutrients, Basal Metabolic Rate (BMR), 

Benedict's Oxy-Calorimeter, Bomb Calorimeter, Kilo Calorie, Mega Joule, Body 

composition, Specific Dynamic Action of foods.  
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10.14 QUESTIONS FOR SELF STUDY: 

1) Describe food as a source of energy. 

2) Define Kilo calorie and mega joules. 

3) 1 gm of carbohydrate yields ________ kcal and 1 gm of fat yields ___ kcal. 

4) Define BMR and explain factors affecting BMR 

5) Explain daily requirement of energy and mention the methods used to determine 

the same. 

6) How Bomb calorimeter is used in evaluating the energy value of foods? 

7) Explain Specific dynamic action of food 

8) Explain Atwar- Benedict respiration Calorimeter 
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8) Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

9) Text book of Physiology- Chatterjee 
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11.0 OBJECTIVES: After studying this unit thoroughly, you should be able to, 

 Explain the role of carbohydrates in daily diet. 

 List the major dietary sources of carbohydrates 

 Understand the nutritional classification of carbohydrates 

 Realize the importance of dietary fibres 

 Explain the role of proteins in daily nutrition 

 Understand nutritive value of proteins and essential amino acids 

 Understand the nutritional classification of proteins, their supplementary value.  

 

11.1 INTRODUCTION: Carbohydrate is the main source of energy for human beings. It is 

the cheapest and fast available source of energy. Carbohydrates provide 40- 80% of the total 

calories in human diet. Body uses carbohydrates to make glucose which is the fuel that gives 

you energy and helps keep everything going. Our body can use glucose immediately or store 

it in liver and muscles for further use. In this unit we will describe the dietary sources 

carbohydrates, dietary fibers and essentiality of carbohydrates in human diet. 

The primary function of dietary proteins is to provide amino acids to meet the needs of the 

body. These include: 1. the replacement of endogenous loss of body proteins due to wear and 

tear, 2. the synthesis of new tissue proteins during growth, pregnancy and lactation and 3. the 

synthesis of enzymes, blood proteins and hormones etc. The following topics are discussed in 

this chapter: a) Nutritional significance of amino acids b) essential amino acid content of 

foods c) essential amino acid requirement d) Nutritional evaluation of proteins etc. 

 

11.2 CARBOHYDRATES: Carbohydrate is the main source of energy for human beings. 

It is the cheapest and fast available source of energy.  Carbohydrates serve 40- 80% of 

the total calories in human diet. Body uses carbohydrates to make glucose which is the 

fuel that gives you energy and helps keep everything going. Our body can use glucose 

immediately or store it in liver and muscles for further use. 

What are the types of carbohydrates? 

There are two main types of carbohydrates: 

 Complex carbohydrates 

 Simple carbohydrates 

Simple Carbohydrates: Simple carbohydrates are simple sugars with a chemical 

structure that is composed of one or two sugar units. They are refined sugars that have 
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very little nutritional value to the body, and therefore, it's advisable that their 

consumption be limited to small quantities. In comparison to complex carbohydrates, 

simple carbohydrates are digested by the body more quickly, because they have a very 

simple chemical structure. There are two types of simple carbohydrates: 

monosaccharides and disaccharides. Monosaccharides consist of only one sugar unit 

(fructose, galactose and glucose). Disaccharides consist of two chemically-linked 

monosaccharides (lactose, maltose and sucrose). 

Foods that contain simple carbohydrates include table sugar, products with white flour, 

honey, milk, yoghurt, candy, chocolate, fruit, fruit juice, cake, jam, biscuits, molasses, 

soda and packaged cereals. Despite the fact that simple carbohydrates do not contain 

enough essential nutrients, some foodstuffs such as fruits may still be good for health. 

Complex Carbohydrates: Complex carbohydrates consist of a chemical structure that 

is made up of three or more sugars, which are usually linked together to form a chain. 

These sugars are mostly rich in fibre, vitamins and minerals. Due to their complexity, 

they take a little longer to digest, and they don't raise the sugar levels in the blood as 

quickly as simple carbohydrates. Complex carbohydrates act as the body's fuel, and they 

contribute significantly to energy production. 

Similar to simple carbohydrates, complex carbohydrates are divided into two 

categories: oligosaccharides and polysaccharides. Oligosaccharides consist of a small 

number of monosaccharides, which does not exceed 10. They are important in the 

absorption of certain minerals and the formation of fatty acids. Polysaccharides are 

often made up of a large number of monosaccharides and disaccharides. Examples of 

polysaccharides include cellulose, dextrin, glycogen and starch. 

Complex carbohydrates are commonly found in vegetables, whole-meal bread and 

cereals. Examples of foods that contain complex carbohydrates include spinach, yams, 

broccoli, beans, lentils, skimmed milk, whole grains and many other leguminous plants 

and vegetables. 

Complex carbohydrates have a higher nutritional value than simple carbohydrates. It 

may be confusing to differentiate simple and complex carbohydrates due to the fact that 

complex ones contain certain elements of simple ones. Nevertheless, differentiating the 

two should not be a problem since their chemical structures are very different, and 

therefore, they can be distinguished by their nutritional properties. The consumption of 
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simple carbohydrates is not recommended, especially for diabetics. Complex 

carbohydrates keep us satisfied for longer time than foods containing simple sugars 

Consumption of complex carbohydrates requires less food intake and this result in less 

caloric intake. That is why complex carbohydrates are suggested in weight maintenance 

diets. 

11.3 DIETARY SOURCES: 

STARCH: Starch is the most important, abundant, digestible food polysaccharide. It 

occurs as the reserve polysaccharide in the leaf, stem (pith), root (tuber), seed, fruit and 

pollen of many higher plants. It occurs as discrete, partially-crystalline granules whose 

size, shape, and gelatinization temperature depend on the botanical source of the starch. 

Common food starches are derived from seed (wheat, maize, rice, and barley) and root 

(potato, cassava/tapioca) sources Starches have been modified to improve desired 

functional characteristics and are added in relatively small amounts to foods as food 

additives. 

Starch is a homopolysaccharide composed only of glucose units and consists of a 

mixture of two polymers, amylose and amylopectin, whose glucopyranosyl units are 

linked almost entirely through α -D-(1->4)-glucosidic bonds. Amylose shows many of 

the properties of a linear polymer and has historically been considered to be a linear 

polymer with a degree of polymerization of approximately 1000 or less. However, it is 

now known that amylose contains a limited amount of branching involving α-D-(l -> 6) 

glucosidic linkages at the branch points. Amylopectin is a high molecular weight, highly 

branched polymer containing about 5-6% of α -D-(1->6)-glucosidic linkages as the 

branch points. The average chain length is 20 to 25 units with an average degree of 

polymerization in the thousands, and molecular weight in the millions. 

Starch granules are not water soluble but easily hydrate in aqueous solution, swelling 

about 10% in volume. When an aqueous suspension of granules is heated, additional 

swelling occurs until a temperature is reached where there is a transition from 

organization to disorganization. This is known as the gelatinization temperature and 

normally occurs over a range of about 10°C. The digestion of starch by α-amylase is 

greatly enhanced by gelatinization. Upon further heating (pasting or cooking), swelling 

continues and the amylose and portions of the amylopectin leach from the granule 

producing a viscous suspension. Cooling of this suspension leads to the formation of a 

gel.  
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Source Gelatinization 
Temperature 
Range, °C 

Amylose 
Content  
(%) 

Barley 51-60 22 

Wheat 58-64 26 (23-27) 

Oats 53-59 23-24 

Potato 59-68 23 

Maize 62-72 28 

Rice 68-78 17-19 

   
SUCROSE: Sucrose is the standard of naturally occurring sweetness, joining other 

nutrients usually carbohydrate in nature, that comprise a group of palatable foodstuffs 

known to be relatively efficient sources of energy, simple in composition and rapidly 

metabolizable for utilization and storage. Sucrose has been used routinely since 

antiquity to improve the palatability of food preparations. One of the important facts is 

that sucrose is both a significant natural constituent of food and a major additive to 

foods and beverages. It is commonly used as such by the consumer and added by food 

processors as a component of various foods. Sucrose is readily hydrolyzed in the 

intestine to glucose and fructose which are absorbed. The absorbed fructose and 

glucose are converted into glycogen in the liver. 

Consumption of sucrose in large amounts or at frequent intervals contributes to the 

development of dental caries. Over consumption of sucrose probably contributes to 

obesity and possibly results in dietary imbalances and in modification of lipid 

metabolism which potentiates coronary heart disease. Consuming 10% of total 

carbohydrate intake is not likely to harm. But when sucrose is fed in the form of candies 

the sugar is acted by lactic acid bacteria producing lactic acid. This leads to the 

development of dental carries. 

LACTOSE: Lactose is a natural sugar found in milk and dairy products. An enzyme 

called lactase is needed for your body to break down (digest) and absorb lactose. 

Lactose or milk sugar occurs in the milk of mammals - 4-6% in cow's milk and 5-8% in 

human milk. It is also a byproduct in the manufacture of cheese. 

Lactose is hydrolyzed to glucose and galactose which is then absorbed. Galactose is 

converted to glycogen in the liver. Lactose undergoes fermentation by lactic acid 

bacteria in the intestinal tract and this helps in the absorption of calcium and 

phosphorus in the intestine. Best food sources of lactose are bread and other baked 
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goods, processed breakfast cereals, instant potatoes, soups, and breakfast drinks, mixes 

for pancakes, biscuits, and cookies.  

Lactose intolerance: Lactose intolerance is the inability to digest significant amounts 

of lactose, the predominant sugar of milk. This inability results from a shortage of the 

enzyme lactase, which is normally produced by the cells that line the small intestine. 

Lactase breaks down the lactose, milk sugar, into glucose and galactose that can then be 

absorbed into the bloodstream. When there is not enough lactase to digest the amount 

of lactose consumed, produce some uncomfortable symptoms. Some adults have low 

levels of lactase. This leads to lactose intolerance. The ingested lactose is not absorbed 

in the small intestine, but instead is fermented by bacteria in the large intestine, 

producing uncomfortable volumes of carbon dioxide gas. While not all persons deficient 

in lactase have symptoms, those who do are considered to be lactose intolerant. 

GLUCOSE: Glucose is the principal monosaccharide in the body. Other names for 

glucose are dextrose or blood sugar. Glucose yields energy, since the other sugars can 

generally be converted to glucose, and more complex carbohydrates (e.g., starches) are 

broken down to yield glucose. 

Main sources of glucose are rice, Whole Grains and Whole Grain Cereals made 

without high-fructose corn syrup are also nutritious sources of complex carbohydrates, 

Legumes which includes beans, lentils and peas are high sources of complex 

carbohydrates and also contain protein.  Potatoes are high in starch (long chain glucose 

molecules) and also contain iron, potassium, phosphorus, Vitamin C and magnesium. 

Dairy products including milk, yogurt and cottage cheese all contain lactose. Raw 

Milk is the best natural food source for glucose. Vegetables contain glucose often in the 

form of starch. Vegetable high in starch include, corn, squash and zucchini. Low starch 

vegetables include asparagus, eggplant, mushrooms, Brussels sprouts, cabbage, 

cauliflower, celery, cucumbers, okra, green beans, red and green peppers, onions, and 

tomatoes, and are all packed with nutrition. Grapes are an especially rich source of 

glucose. Honey contains about 38% glucose. 

 

11.4 ESSENTIALITY OF CARBOHYDRATE: Glucose yields energy, but it has many 

other functions as well. Since the other sugars can generally be converted to glucose, 
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and more complex carbohydrates (e.g., starches) are broken down to yield glucose, the 

functions described here apply to most carbohydrates.  

YIELDING ENERGY: The main function of glucose is to act as a source of energy to the 

body cells. Certain tissues, such as the red blood cells and most parts of the brain, derive 

almost all of their energy from glucose. In fact, except when the diet contains almost no 

carbohydrates, the brain and the rest of the central nervous system use mostly glucose 

for fuel. Glucose can also fuel muscle cells and other body cells, but many of these cells 

usually use fat to meet energy needs. 

SPARING PROTEIN FROM USE AS AN ENERGY SOURCE: Glucose is protein sparing. 

That is, dietary protein can be used to make body tissues and to perform other vital 

processes only when carbohydrate intake provides enough glucose for body needs. 

Therefore, if you do not consume enough carbohydrate to yield that glucose, your body 

is forced to make it from other nutrients, such as proteins found in muscle tissue. This 

process is termed gluconeogenesis, which means “production of new glucose” If the 

process continues for weeks, these organs can become partially weakened. Generally, 

North Americans consume adequate sources of protein, so sparing protein is not an 

essential function of carbohydrate in the diet under such conditions. It does become 

important in some energy-reduced diets and in starvation.  

The life-threatening wasting of protein that occurs during long-term fasting (or 

starvation) has prompted companies that produce products used for rapid weight loss, 

such as Opt fast, to include enough carbohydrate to supply 100 g/day or more. This 

significantly decreases protein breakdown and thus helps protect vital tissues and 

organs, including the heart, during rapid weight loss. 

PREVENTING KETOSIS: An adequate intake of carbohydrates—glucose, other sugars, 

or starch—is necessary for the complete metabolism of fats to carbon dioxide (CO2 ) and 

water (H2O) in the body. A low carbohydrate intake, results in decline in release of the 

hormone insulin. 

Carbohydrates have a wide range of physiological effects which may be important to 

health, such as: 1. Provision of energy, 2. Effects on satiety/gastric emptying, 3. Control 

of blood glucose and insulin metabolism, 4. Protein glycosylation, 5. Cholesterol and 

triglyceride metabolism, 6. Bile acid dehydroxylation, 7. Fermentation, 8. Control of 

colonic epithelial cell function, 9. Bowel habit/laxation/motor activity, 10. Effects on 

large bowel microflora.  
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11.5 WHAT ARE DIETARY FIBERS? 

Dietary fiber, also known as roughage or bulk, includes all parts of plant foods that your 

body can't digest or absorb. Unlike other food components, such as fats, proteins or 

carbohydrates — which your body breaks down and absorbs- fiber isn't digested by 

your body. Instead, it passes relatively intact through your stomach, small intestine, 

colon and out of your body. 

Fiber is commonly classified as soluble (it dissolves in water) or insoluble (it doesn't 

dissolve): 

SOLUBLE FIBER:  This type of fiber dissolves in water to form a gel-like material. It can 

help lower blood cholesterol and glucose levels. Soluble fiber is found in oats, peas, 

beans, apples, citrus fruits, carrots, barley and psyllium. 

INSOLUBLE FIBER:  This type of fiber promotes the movement of material through 

your digestive system and increases stool bulk, so it can be of benefit to those who 

struggle with constipation or irregular stools. Whole-wheat flour, wheat bran, nuts, 

beans and vegetables, such as cauliflower, green beans and potatoes, are good sources 

of insoluble fiber. 

Most plant-based foods, such as oatmeal and beans, contain both soluble and insoluble 

fiber. However, the amount of each type varies in different plant foods. To receive the 

greatest health benefit, eat a wide variety of high-fiber foods. 

11.5.1 BENEFITS OF A HIGH-FIBER DIET: A high-fiber diet has many benefits, which 

include: 

 Normalizes bowel movements: Dietary fiber increases the weight and size of your 

stool and softens it. A bulky stool is easier to pass, decreasing your chance of 

constipation. If you have loose, watery stools, fiber may also help to solidify the stool 

because it absorbs water and adds bulk to stool. 

 Helps maintain bowel health:  A high-fiber diet may lower your risk of developing 

hemorrhoids and small pouches in your colon (diverticular disease). Some fiber is 

fermented in the colon. Researchers are looking at how this may play a role in 

preventing diseases of the colon. 

 Lowers cholesterol levels: Soluble fiber found in beans, oats, flaxseed and oat bran 

may help lower total blood cholesterol levels by lowering low-density lipoprotein, or 
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"bad," cholesterol levels. Studies also have shown that fiber may have other heart-health 

benefits, such as reducing blood pressure and inflammation. 

 Helps control blood sugar levels: In people with diabetes, fiber- particularly soluble 

fiber- can slow the absorption of sugar and help improve blood sugar levels. A healthy 

diet that includes insoluble fiber may also reduce the risk of developing type 2 diabetes. 

 Aids in achieving healthy weight: High-fiber foods generally require more chewing 

time, which gives your body time to register when you're no longer hungry, so you're 

less likely to overeat. Also, a high-fiber diet tends to make a meal feel larger and linger 

longer, so you stay full for a greater amount of time. And high-fiber diets also tend to be 

less "energy dense," which means they have fewer calories for the same volume of food. 

Another benefit attributed to dietary fiber is prevention of colorectal cancer.  

Dietary fiber, or sometimes roughage and ruffage is the indigestible portion of food 

derived from plants. There are two main components: 

Soluble fiber dissolves in water. It is readily fermented in the colon into gases and 

physiologically active byproducts, and can be prebiotic and/or viscous. Soluble fibers 

tend to slow the movement of food through the system. 

Insoluble fiber does not dissolve in water. It can be metabolically inert and provide 

bulking or prebiotic, metabolically fermenting in the large intestine. Bulking fibers 

absorb water as they move through the digestive system, easing defecation. 

Fermentable insoluble fibers mildly promote stool regularity, although not to the extent 

that bulking fibers do, but they can be readily fermented in the colon into gases and 

physiologically active byproducts. Insoluble fibers tend to accelerate the movement of 

food through the system. 

Dietary fibers can act by changing the nature of the contents of the gastrointestinal 

tract and by changing how other nutrients and chemicals are absorbed. Some types of 

soluble fiber absorb water to become a gelatinous, viscous substance and 

are fermented by bacteria in the digestive tract. Some types of insoluble fiber have 

bulking action and are not fermented. Lignin, a major dietary insoluble fiber source, 

may alter the rate and metabolism of soluble fibers. Other types of insoluble fiber, 

notably resistant starch, are fully fermented. Chemically,dietary fiber consists of non-

starch polysaccharides as arabinoxylans, cellulose and many other plant, components 
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such as resistant starch , resistant dextrins , inulin, lignin, waxes, chitins, pectins, beta- 

glucans and oligosaccharides. 

Food sources of dietary fiber are often divided according to whether they provide 

(predominantly) soluble or insoluble fiber. Plant foods contain both types of fiber in 

varying degrees, according to the plant's characteristics. 

Advantages of consuming fiber are the production of healthful compounds during the 

fermentation of soluble fiber, and insoluble fiber's ability (via its 

passive hygroscopic properties) to increase bulk, soften stool, and shorten transit time 

through the intestinal tract. 

Disadvantages of a diet high in fiber are the potential for significant intestinal gas 

production and bloating. Constipation can occur if insufficient fluid is consumed with a 

high-fiber diet. 

11.5.2 MECHANISM OF FIBER ACTION: Dietary fibers have three primary 

mechanisms: bulking, viscosity and fermentation. Dietary fibers can change the nature 

of the contents of the gastrointestinal tract, and to change how other nutrients and 

chemicals are absorbed through bulking and viscosity.  Some types of soluble fibers bind 

to bile acids in the small intestine, making them less likely to enter the body; this in turn 

lowers cholesterol levels in the blood. Viscous soluble fibers may also attenuate the 

absorption of sugar, reduce sugar response after eating, normalize blood lipid levels 

and, once fermented in the colon, produce short-chain fatty acids as byproducts with 

wide-ranging physiological activities. Insoluble fiber is associated with reduced diabetes 

risk, but the mechanism by which this occurs is unknown. One type of insoluble dietary 

fiber, resistant starch has been shown to directly increase insulin sensitivity in healthy 

people, in type 2 diabetics, and in individuals with insulin resistance, possibly 

contributing to reduced risk of type 2 diabetes.  

Not yet formally proposed as an essential macro-nutrient, dietary fiber is nevertheless 

regarded as important for the diet, with regulatory authorities in many developed 

countries recommending increases in fiber intake.  

11.6 PROTEINS 



Unit-11: Carbohydrates and Proteins- dietary values 
 

KSOU-BC-1.3; Block-3: Unit-11 Page 192 
 

11.6.1EVALUATION OF NUTRITIVE VALUE OF DIETARY PROTEIN: A large number 

of methods have been proposed by various workers for the evaluation of protein. Only a 

few of them measure the overall nutritive value of protein, Protein Efficiency Ratio 

(PER), Net Protein Utilisation (NPU) and Biological Value (BV) Most of the other 

methods measure  the protein needs of depleted animals or the protein needs for 

certain specific functions such as regeneration of liver proteins and blood proteins. In 

recent years NPR, NPU, PER, BV has been widely used as most suitable methods for the 

evaluation of quality of dietary proteins 

11.6.2 NET PROTEIN UTILIZATION:  Mitchell (1922) introduced the term Net 

utilization of Dietary protein which is a product of digestibility coefficient and biological 

value divided by 100.                   

NPU=   Digestibility coefficient x biological value/100 

Miller and Bender (1955) developed a direct method for estimating NPU using group of 

albino rats. In this method a group of mice fed with non protein diet and other group is 

fed with test diet. The food intake is measured. After 10 days all the rats sacrificed and 

nitrogen is estimated. The NPU is calculated using the following formula 

 

   Body N of the test group - Body N of the no protein 

group + N consumed by non protein group                                                  

    NPU =                                                                                                                X 100            

N consumed by test group 

The advantage of this method helps in the calculation of the net available 

protein of the diet.   

11.6.3 NET PROTEIN RATIO:  This method was introduced by Bender and 

Doell (1957) is a modification of the PER (Protein efficiency ratio). In this 

method a group of weaning rat fed with 10 percent test diet and the other group 

with non protein diet as a control for 10 days. NPR is calculated using the 

formula 

                   Gain in weight (g) of the test group+ Loss in weight (g) 

  NPR=                    of the non- protein group 

                                       Protein intake (g) 
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11.7 PROTEIN EFFICIENCY RATIO: This method is developed by Osborne, Mendel and 

Ferry in 1919 based on growth of young rats. In this study rats were given with 10 

percent test protein and all the other dietary essentials were same among the groups. 

Rats were fed for 4 weeks on different diets. Protein efficiency ratio is determined by 

formula 

PER = Gain in body weight. (g) = gain in weight per gram of protein consumed            

Protein intake (g) 

 PER is the measurement of the body's biological absorption of a protein from native 

protein (in a food product) to usable protein. Included in milk protein are casein and the 

protein in whey (provided commercially as whey protein concentrate). They have the 

highest PER at 3.2, indicating that the body most easily absorbs them. For this reason, 

whey proteins make excellent sources for protein for infant foods, and amino acid 

supplements 

FOOD WITH HIGHEST PER: Whey protein has a PER rating of 3 to 3.2 and digests 

rapidly, which paves the way for rapid uptake of the amino acids it contains. Casein, the 

milk product that is transformed into curds during the cheese-making process, is a close 

runner up with a PER rating of 2.9. Milk protein, which consists of roughly 80 percent 

casein and 20 percent whey, gets a 2.8 PER rating and is used in many nutritional 

supplements because of its low cost. 

The primary source of the high-quality protein in eggs is the ovalbumin, or white of the 

egg, which earns a PER rating of 2.8. Although it was once used extensively in protein 

supplements 

 Soy protein’s PER rating runs between 1.8 and 2.3 depending on the specific soy-based 

food it’s found in. Beef, poultry and fish also contain relatively high-quality protein, 

although some also have high levels of fat that make them somewhat less desirable 

protein sources. The PER rating of beef, poultry and fish runs between 2 and 2.3. 

 

11.8 BIOLOGICAL VALUE - (BV): Biological value (BV) is a measure of the proportion 

of absorbed protein from a food which becomes incorporated into the proteins of the 

organism's body. It summarises how readily the broken down protein can be used 

in protein synthesis in the cells of the organism. Proteins are the major source 

of nitrogen in food, unlike carbohydrates and fats. This method assumes protein is the 

only source of nitrogen and measures the proportion of this nitrogen absorbed by the 
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body which is then excreted. The remainder must have been incorporated into the 

proteins of the organism’s body. A ratio of nitrogen incorporated into the body over 

nitrogen absorbed gives a measure of protein 'usability' - the BV. 

Unlike some measures of protein usability, biological value does not take into account 

how readily the protein can be digested and absorbed (largely by the small intestine). 

This is reflected in the experimental methods used to determine BV. 

DETERMINATION OF BV: Groups of albino rats were fed successively on the following 

diet for a period of 10 days. 

1. protein free diet 

2. diet containing 10 percent protein to be tested 

The BV of protein is determined by measuring the amount of N (nitrogen) consumed 

and that excreted. First, the obligatory losses of urinary and fecal N must be determined, 

which requires the feeding of nitrogen-free diets. This is followed by a determination of 

the amounts of urinary and fecal N with consumption of the test protein. The differences 

in N excreted between the two dietary conditions is expressed as [A fecal N] and [A 

urinary N]. The Greek capital delta conventionally means "the change in." The formula 

for the BV is  

               (Nitrogen digested- Nitrogen lost in metabolism) 

BV=              x100 

 Nitrogen digested 

Nitrogen digested= N intake (In) - N in faeces(Fn) on the protein diet - N in faeces (Fe) 

on protein free diet. 

Nitrogen digested= (In)- (Fn)- (Fe) 

Nitrogen lost in metabolism= N in urine (Un) on protein diet - N in urine (Ue) on protein 

- free diet = Un  - Ue 

Biological value = (In)- (Fn- Fe)- Un  - Ue        x100 

                                                (In)- (Fn- Fe) 

The BV represents the fraction of amino acids absorbed by the gut that is retained by 

the body. The BV ignores that part of the dietary protein that is not absorbed and 

appears in the feces. The change in fecal N occurring with the two diets is subtracted 
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from the values of N intake, in both the numerator and denominator. The equation 

seems to state, "Let's ignore that part of the dietary protein that is poorly digested and 

appears in the feces." The equation seems to ask, "As far as the absorbed amino acids 

are concerned, how suitable are they for the needs of the animal?" A high BV indicates 

that the amino acids occur in proportions that are highly compatible with the needs of 

the body. A protein that is completely lacking in one of the indispensable amino acids 

would be expected to have a BV close to or equal to zero. The formula for the BV yields a 

fraction. This fraction may be multiplied by 100 to express the BV as a percentage. 

 

11.9 ESSENTIAL AMINO ACIDS: Amino acids play central roles both as building blocks 

of proteins and as intermediates in metabolism. The 20 amino acids that are found 

within proteins convey a vast array of chemical versatility. The precise amino acid 

content, and the sequence of those amino acids, of a specific protein, is determined by 

the sequence of the bases in the gene that encodes that protein. The chemical properties 

of the amino acids of proteins determine the biological activity of the protein. Proteins 

not only catalyze all (or most) of the reactions in living cells, they control virtually all 

cellular process. In addition, proteins contain within their amino acid sequences the 

necessary information to determine how that protein will fold into a three dimensional 

structure, and the stability of the resulting structure. The field of protein folding and 

stability has been a critically important area of research for years, and remains today 

one of the great unsolved mysteries. It is, however, being actively investigated, and 

progress is being made every day. 

As we learn about amino acids, it is important to keep in mind that one of the more 

important reasons to understand amino acid structure and properties is to be able to 

understand protein structure and properties. We will see that the vastly complex 

characteristics of even a small, relatively simple, protein are a composite of the 

properties of the amino acids which comprise the protein. 

Humans can produce 10 of the 20 amino acids. The others must be supplied in the food. 

Failure to obtain enough of even 1 of the 10 essential amino acids, those that we cannot 

make, results in degradation of the body's proteins-muscle and so forth-to obtain the 

one amino acid that is needed. Unlike fat and starch, the human body does not store 

excess amino acids for later use. The amino acids must be in the food every day. 
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The 10 amino acids that we can produce are alanine, asparagine, aspartic acid, cysteine, 

glutamic acid, glutamine, glycine, proline, serine and tyrosine. Tyrosine is produced 

from phenylalanine, so if the diet is deficient in phenylalanine, tyrosine will be required 

as well. The essential amino acids are arginine (required for the young, but not for 

adults), histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan, and valine. These amino acids are required in the diet. Plants, of course, 

must be able to make all the amino acids. Humans, on the other hand, do not have all the 

the enzymes required for the biosynthesis of all of the amino acids. 

USE OF ESSENTIAL AMINO ACIDS: At the level of the ribosome, the cells 

of eukaryotes require up to 21 different amino acids for protein synthesis. A shortfall of 

any one of these amino acids would thus be a limiting factor in protein synthesis. 

However, eukaryotes can synthesize some of these amino acids from other substrates. 

Consequently, only a subset of the amino acids used in protein synthesis are essential 

nutrients. Whether a particular amino acid is essential depends upon the species and 

the stage of development. 

Scientists had known since the early 20th century that rats could not survive on a diet 

whose only protein source was Zein, which comes from maize (corn), but recovered if 

they were fed casein from cow's milk. This led William Cumming Rose to the discovery 

of the essential amino acid threonine. Through manipulation of rodent diets, Rose was 

able to show that ten amino acids are essential for 

rats: lysine, tryptophan, histidine, phenylalanine, leucine, isoleucine, methionine, valine, 

and arginine, in addition to threonine. Rose's later work showed that eight amino acids 

are essential for adult human beings, with histidine also being essential for infants. 

Longer term studies established histidine is also essential for adult humans.  

Because of the obvious difference in the nutritional value of zein versus casein in rat 

nutrition, various attempts have been made to express the "quality" or "value" of 

various kinds of protein. Measures include the biological value, net protein 

utilization, and protein digestibility-corrected amino acid score. These concepts are 

important in the livestock industry, because the relative lack of one or more of the 

essential amino acids in animal feeds would have a limiting effect on growth and thus 

on feed conversion ratio. Thus, various feedstuffs may be fed in combination to increase 
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net protein utilization, or a supplement of an individual amino acid (methionine, lysine, 

threonine, or tryptophan) can be added to the feed. 

Although proteins from plant sources tend to have a relatively low biological value, in 

comparison to protein from eggs or milk, they are nevertheless "complete" in that they 

contain at least trace amounts of all of the amino acids that are essential in human 

nutrition. Eating various plant foods in combination can provide a protein of higher 

biological value. Certain native combinations of foods, such as corn and beans, soybeans 

and rice, or red beans and rice, contain the essential amino acids necessary for humans 

in adequate amounts.  

11.10 NUTRITIONAL CLASSIFICATION OF PROTEINS:  Proteins may be broadly 

divided into three groups as regard. 

1. Complete protein 

2. Partially complete protein 

3. Incomplete protein 

1. COMPLETE PROTEINS: A complete protein contains an adequate amount of all of the 

essential amino acids that should be incorporated into a diet. Some protein contains all 

the amino acids needed to build new proteins, which generally come from animal and 

fish products. A complete protein must not lack even one essential amino acid in order 

to be considered complete. 

Sources of Complete Proteins: The following foods are examples of complete proteins, 

which need not be combined with any other food to provide adequate protein: Meat, 

Fish, Poultry, Cheese, Eggs, Yogurt and Milk.  

2. PARTIALLY COMPLETE PROTEINS: These are the proteins which are lacking in one 

or more essential amino acids. Partially complete amino acids provide normal 

maintenance but WILL NOT support growth. But these proteins can maintain nitrogen 

balance in Adults. 

Sources of partially complete protein: wheat, oil seeds, nuts, pulses, cereals 

3. INCOMPLETE PROTEINS: An incomplete protein is any protein that lacks one or 

more essential amino acids in correct proportions. These can also be referred to as 

partial proteins. Even if the protein contains all the essential amino acids, they must be 

in equal proportions in order to be considered complete. If not, the protein is 

considered incomplete. 
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Sources of Incomplete Proteins are: Grains, Nuts, Beans, Seeds, Peas, Corn,  

11.11 SUPPLEMENTARY VALUE OF PROTEIN: Eating two LBV (low biological value) 

protein foods together can ensure that all essential amino acids are obtained. This is of 

particular importance in the diet of vegetarians where no animal protein is eaten. If one 

feeds the mixture of two poor biological value proteins the combination will have high 

biological value. The value of protein supplying essential amino acids which are lacking 

in other protein is called supplementary value. 

There are two ways of mutual supplementation of proteins. 

1. Blending two or more proteins so that excess of essential amino acids present in one 

protein makes up the deficiency of the same amino acids in another protein 

2. By supplementation of dietary proteins with limiting essential amino acids. 

Example for mutual supplementation: Soyabean proteins are good sources of lysine 

but are deficient in methionine while sesame proteins are good sources of methionine 

but are deficient in lysine. Hence the proteins of sesame supplement effectively those of 

soyabean.  The proteins of poor diets based on different cereals are limiting in lysine 

and threonine .their quality can be improved effectively by the incorporation of 

legumes, soyabean or milk proteins in the diet. 

11.12 SUMMARY:  

 Carbohydrate is the main source of energy for human beings. There are two main 

types of carbohydrates: Complex carbohydrates and Simple carbohydrates. Simple 

Carbohydrates: Simple carbohydrates are simple sugars with a chemical structure 

that is composed of one or two sugar units. There are two types of simple 

carbohydrates: monosaccharides and disaccharides. Complex Carbohydrates: 

Complex carbohydrates consist of a chemical structure that is made up of three or 

more sugars, which are usually linked together to form a chain. Complex 

carbohydrates are divided into two categories: oligosaccharides and 

polysaccharides.  

 

 Dietary sources of carbohydrates include starch (Starch is the most important, 

abundant, digestible food polysaccharide), sucrose (Sucrose is the standard of 

naturally occurring sweetness, rapidly metabolizable for utilization and storage), 

lactose: Lactose is a natural sugar found in milk and dairy products. Lactose 
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intolerance: Lactose intolerance is the inability to digest significant amounts of 

lactose, the predominant sugar of milk. This inability results from a shortage of the 

enzyme lactase, which is normally produced by the cells that line the small intestine. 

Glucose (Glucose is the principal monosaccharide in the body).  

 Carbohydrates have a wide range of physiological effects which may be important to 

health, such as: 1. Provision of energy, 2. Effects on satiety/gastric emptying, 3. 

Control of blood glucose and insulin metabolism, 4. Protein glycosylation, 5. 

Cholesterol and triglyceride metabolism, 6. Bile acid dehydroxylation etc.  

 Dietary fiber, also known as roughage or bulk, includes all parts of plant foods that 

your body can't digest or absorb. Fiber is commonly classified as soluble (it dissolves 

in water) or insoluble (it doesn't dissolve): There are number of benefits of a high-

fiber diet: normalizes bowel movements, helps maintain bowel health, Lowers 

cholesterol levels, helps control blood sugar levels, aids in achieving healthy weight 

etc. 

 Body N of the test group - Body N of the no protein group + N consumed 

by non protein group                                                  

 NPU =                                                                                                                X 100    

              N consumed by test group 

                   Gain in weight (g) of the test group+ Loss in weight (g) 

   NPR=                    of the non- protein group 

                                       Protein intake (g) 

 PER = Gain in body weight. (g) = gain in weight per gram of protein consumed            

Protein intake (g). 

 Biological value (BV) is a measure of the proportion of absorbed protein from a food 

which becomes incorporated into the proteins of the organism's body.  

                (Nitrogen digested- Nitrogen lost in metabolism) 

BV=              x100 

 Nitrogen digested 

 Essential amino acids: Amino acids play central roles both as building blocks of 

proteins and as intermediates in metabolism. The 10 amino acids that we can 

produce are alanine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, 

glycine, proline, serine and tyrosine. The essential amino acids are arginine (required 
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for the young, but not for adults), histidine, isoleucine, leucine, lysine, methionine, 

phenylalanine, threonine, tryptophan, and valine. 

 Nutritional classification of proteins: Proteins may be broadly divided into three 

groups as regard. 1. Complete protein (contains an adequate amount of all of the 

essential amino acids that should be incorporated into a diet), 2. Partially complete 

protein (lacking in one or more essential amino acids) adn 3. Incomplete protein 

(protein that lacks one or more essential amino acids in correct proportions). 

 

11.13 KEY WORDS: Carbohydrates, diet, dietary fibers, monosaccharide, 

polysaccharide, proteins, nutritive value, essential amino acids, classification, supplementary 

value.  

 

11.14 QUESTIONS FOR SELF STUDY 

1) Explain the role of carbohydrates in daily diet. 

2) List the major dietary sources of carbohydrates 

3) Write a note on nutritional classification of carbohydrates 

4) Explain the importance of dietary fibres 

5) Explain the role of proteins in daily nutrition 

6) Write in detail about nutritive value of proteins  

7) How are proteins classified based on the nutritional value? 

 

11.15 FURTHER REFERENCES 

1) Text book of biochemistry-White, Handler and Smith. 

2) Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

3) Text book of Physiology- Chatterjee 

4) Essentials of Food and Nutrition- Swaminathan M. 

5) A text book of biochemistry- A.V.S.S. Rama Rao- UBS Publishers. 

6) Biochemistry-U. Satyanarayana and U. Chakrapani. 
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12.0 OBJECTIVES: After thoroughly studying this unit, you should be able to,  

 Define what is protein calorie malnutrition 

 Explain kwashiorkor and Marasmus 

 Describe fat sources 

 Write a note on invisible fats, essential fatty acids and poly unsaturated fatty 

acids. 

 

12.1 INTRODUCTION: Protein-calorie (energy) malnutrition (PCM) is currently the 

most widespread and serious health problem of children in the world. At any time 

approximately 100 million children suffer from the moderate or severe forms of PCM. In 

the 1990s, the number of underweight children in developing countries declined from 

177 million to 149 million. The prevalence of severe malnutrition also declined, but 

even then severe malnutrition remains an important problem. In any one country the 

prevalence rates will be influenced by the season, the availability of food, the incidence 

of infection, and the state of development of the health services. 

Fats are the main energy storers of the body. On oxidation, fats give almost two and a 

half times the energy as that of glucose or glycogen. This makes it most suitable for 

energy storage. It, however, uses up more oxygen molecules during oxidation when 

compared to carbohydrates as it contains lesser oxygen. Fats are stored in adipose 

tissue in certain regions of the body like under the skin and between internal organs. In 

addition to storage, fats are also used to synthesize structural lipids such as those of 

membranes. Fats take care of almost 25% of our energy requirements. The common 

sources of fats are butter, ghee, cheese, meat, egg yolk, milk, nuts, etc. 

This unit is dedicated to understand the protein calorie malnutrition particularly 

Kwashiorkor and Marasmus. In addition the unit deals with source fats their types and 

their role in human nutrition.  
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12.2 PROTEIN CALORIE MALNUTRITION: Protein calorie malnutrition is widely 

prevalent among weaned infants and preschool children in India and other developing 

countries. The diets consumed by weaned infants and preschool children in these 

countries are lacking in proteins, calories, certain vitamins and minerals. The word 

“kwashiorkor was given to this disease by people of Gold coasts in Africa, and was first 

introduced by Dr. Cicely Williams in 1935. The term Kwashiorkor means the disease 

which the child gets when the next baby is born, i.e., sickness of the deposed child. She 

discovered that the disease could be cured by milk.  

Protein–energy malnutrition (or protein–calorie malnutrition) refers to a form of 

malnutrition where there is inadequate protein intake.  

Types include: Kwashiorkor (protein malnutrition predominant), Marasmus (deficiency 

in calorie intake) and Marasmic Kwashiorkor (marked protein deficiency and marked 

calorie insufficiency signs present, sometimes referred to as the most severe form of 

malnutrition) 

Note that this may also be secondary to other conditions such as chronic renal disease 

or cancer cachexia in which protein energy wasting may occur. 

Protein–energy malnutrition affects children the most because they have less protein 

intake. The few rare cases found in the developed world are almost entirely found in 

small children as a result of fad diets, or ignorance of the nutritional needs of children, 

particularly in cases of milk allergy. 

 

12.3 KWASHIORKOR: Kwashiorkor a type of protein-energy malnutrition 

characterized by edema, irritability, anorexia, ulcerating dermatoses, and an enlarged 

liver with fatty infiltrates. Sufficient calorie intake, but with insufficient protein 

consumption, distinguishes it from marasmus. Kwashiorkor cases occur in areas of 

famine or poor food supply. Cases in the developed world are rare. 

Jamaican pediatrician Dr. Cicely Williams introduced the name into the medical 

community in her 1935 Lancet article. The name is derived from the Ga language of 

coastal Ghana, translated as "the sickness the baby gets when the new baby comes", and 

reflecting the development of the condition in an older child who has been weaned from 

the breast when a younger sibling comes. Breast milk contains proteins and amino acids 

vital to a child's growth. In at-risk populations, kwashiorkor may develop after a mother 
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weans her child from breast milk, replacing it with a diet high in carbohydrates, 

especially starches, but deficient in protein. 

Signs and Symptoms: The defining sign of kwashiorkor in a 

malnourished child is pedal edema (swelling of the ankles 

and feet). Other signs include a distended abdomen, an 

enlarged liver with fatty infiltrates, thinning hair, and loss of 

teeth, skin de-pigmentation and dermatitis. Children with 

kwashiorkor often develop irritability and anorexia. 

Victims of kwashiorkor fail to produce antibodies following 

vaccination against diseases, including diphtheria and 

typhoid. Generally, the disease can be treated by adding protein to the diet; however, it 

can have a long-term impact on a child's physical and mental development, and in 

severe cases may lead to death. 

In dry climates, marasmus is the more frequent disease associated with malnutrition. 

Another malnutrition syndrome includes cachexia, although it is often caused by 

underlying illnesses. These are important considerations in the treatment of the 

patients. 

Causes: Kwashiorkor is a severe form of malnutrition. The cause is due to a deficiency 

in dietary protein. The extreme lack of protein causes an osmotic imbalance in the 

gastro-intestinal system causing swelling of the gut diagnosed as an edema or retention 

of water. 

The low protein intake leads to some specific signs: edema of the hands and feet, 

irritability, anorexia, a desquamative rash, hair discoloration, and a large fatty liver. The 

typical swollen abdomen is due to two causes: ascites because of hypoalbuminemia 

(low oncotic pressure), and enlarged fatty liver. 

Protein should be supplied only for anabolic purposes. The catabolic needs should be 

satisfied with carbohydrate and fat. Protein catabolism involves the urea cycle, which is 

located in the liver and can easily overwhelm the capacity of an already damaged organ. 

The resulting liver failure can be fatal. This means in patients suffering from 

kwashiorkor, protein must be introduced back into the diet gradually. Clinical solutions 

include weaning the affected with milk products and increasing the intake of 

proteinaceous material to daily recommended amounts. 
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Treatment: The main principles of treatment are to ensure a) an acceptable and readily 

digestible diet (liquid diet initially for a week) rich in proteins, calories and supplying all 

other dietary essential sin required amounts and b) treatment of any bacterial and 

parasitic infections present.  

Diet: The diet usually consists of skim-milk powder (re-constituted) sugar, cooked 

cereals and ripe banana. Fat is introduced in the diet from the 2nd week of treatment. 

Vegetable protein mixtures along with sugar, cereals and ripe banana have proved 

useful in the treatment of mild to moderate cases of kwashiorkor. 

Calories: The calorie intake should be 140-150 Kcal per kg body weight. This can be 

achieved by the addition of sugar and fat to the diet. The rate of recovery with calorie 

intake of 140-150 K Cal/kg is faster than that observed with intakes of 100 K Cal/kg. 

Protein: The proteins present in the diet should be of high nutritive value. Milk proteins 

are commonly used, as skim milk powder is readily available at low cost. Rapid recovery 

has been reported on protein intake of 3-5g/kg body weigh in the form of milk proteins. 

Vitamins: Vitamin A deficiency is commonly present in children suffering from 

kwashiorkor. In severe vitamin A deficiency, parenteral administration of 50.00 I. U of 

vitamin A (oil soluble) and in milder case, oral administration of 50,000 I U of vitamin A 

will be adequate to affect a cure 

Anemia: Administration of iron salts and folic acid is essential to cure the anaemia. 

Electrolytes: Potassium chloride (3-4g) and magnesium chloride (0.5 to 1.0 g) should 

be added to the diet daily. The treatment should be continued for a period of 4-6 weeks 

till the subject have fully recovered and regained normal weight. 

12.4 MARASMUS: The word “marasmus” comes from the Greek marasmus ("decay"). 

Marasmus is a form of severe malnutrition characterized by energy deficiency. A child 

with marasmus looks emaciated. Body weight is reduced to less than 60% of the normal 

(expected) body weight for the age. Marasmus occurrence increases prior to age 1, 

whereas kwashiorkor occurrence increases after 18 months. It can be distinguished 

from kwashiorkor in that kwashiorkor is protein deficiency with adequate energy 

intake whereas marasmus is inadequate energy intake in all forms, including protein. 

Protein wasting in kwashiorkor may lead to edema. 



Unit-12: Protein calorie malnutrition & Fats 
 

KSOU-BC-1.3; Block-3: Unit-12 Page 206 
 

The prognosis is better than it is for kwashiorkor but half of severely malnourished 

children die due to unavailability of adequate treatment. 

Signs and Symptoms: The malnutrition associated with marasmus leads to extensive 

tissue and muscle wasting, as well as variable edema. Other common characteristics 

include dry skin, loose skin folds hanging over the buttocks (glutei) and armpit (axillae), 

etc. There is also drastic loss of adipose tissue (body fat) from normal areas of fat 

deposits like buttocks and thighs. The afflicted are often fretful, irritable, and 

voraciously hungry. 

Cause: Marasmus is caused by a severe deficiency of nearly all nutrients, especially 

protein and carbohydrates. 

Treatment: It is necessary to treat not only the causes but also the complications of the 

disorder, including infections, dehydration, and circulation disorders, which are 

frequently lethal and lead to high mortality if ignored. Ultimately, marasmus can 

progress to the point of no return when the body's ability for protein synthesis is lost. At 

this point, attempts to correct the disorder by giving food or protein are futile. 

12.5 MARASMIC-KWASHIORKOR: In countries where the incidence of protein-calorie 

malnutrition is high, a large number of cases show signs and symptoms of marasums 

and kwashiorkor. These intermediate forms are called Marasmic-kwashiorkor. In 

addition, the interrelationship between the two major syndromes is such that changing 

circumstances may result in a transition from one clinical picture to another. A child 

with early kwashiorkor can develop nutritional marasmus by severe infective diarrhea 

and ill-advised prolonged under-feeding. Conversely, an infant with nutritional 

marasums may develop kwashiorkor if it is fed on protein-deficient carbohydrate rich 

foods along with adequate common salt. 

Treatment: The diet in the treatment of marasmic-kwashiorkor is the same as that 

used in the treatment of kwashiorkor. 

12.6 FATS: Fats provide energy and carry out a variety of important functions in the 

body. Dietary fats supply essential fatty acids and are needed for the absorption of 

vitamins A, D, E and K (called “fat soluble” vitamins). They contain the highest level of 

energy (9 calories per gram) of any nutrient and are essential for growth and health. Fat 

is also a necessary component of body tissue. The brain and central nervous system are 
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rich in fat and fat must be sufficient in the diet in times when these tissues are 

developing, as in pregnancy and the first several years of life. The body uses fat to 

manufacture needed chemicals such as hormones. Fats protect the cells and internal 

organs and allow us to store calories to protect us from times when food is not 

available. Fats stay in the stomach longer than other foods, making us feel full. Fats are 

also important for keeping the body warm and they make food taste better.  

A healthy, well-balanced diet includes adequate fat intake. For people with inadequate 

total energy intake, dietary fats are especially important for increasing energy intake to 

more adequate levels. For everyone, adequate fat is an important part of a healthy diet 

that meets individual energy and nutrient needs and takes into account appropriate 

levels of physical activity. Fat needs are usually expressed as a percent of total energy 

needs, which depend on age and levels of physical activity. 

The percent of total energy (calories) that should come from fat in a healthy, balanced 

diet is:  

• Infants 0–6 months: 40–60%      • Infants 6–24 months: gradual reduction to 35% 

• Children 2–18 years: 25–35% • Adults: 20–35%, with the higher limit for more active 

adults 

• Pregnant and lactating women: 20–35% 

12.7 CLASSIFICATION OF FATS: There are two types of fat - 

saturated and unsaturated. Saturated fats do not have double bonds and are solids at 

room temperature. Whereas, unsaturated fats have one or more double bonds and are 

liquids at room temperature. Butter, ghee, etc. are saturated fats and oils are 

unsaturated fats. High intake of saturated fats increases blood cholesterol level that can 

lead to coronary disorders and high blood pressure. Thus people who have a sedentary 

lifestyle such as old people should reduce the intake of saturated fats. However people 

involved in heavy labour, fat intake should be more, as their energy requirement is high. 

Depending on the dietary requirements, fats are of two kinds - essential and non-

essential. Essential fats are those that are not synthesized by the body and have to be 

included in the diet. For e.g., linoleic acid, linolenic acid, arachidonic acid, etc. Non-

essential fats are those that are synthesized by the body and are not necessary in the 

diet. For e.g., glycine. 

12.8 TYPES AND SOURCES OF FAT 
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Dietary fats are found naturally in foods of both plant and animal origin. Almost all 

foods contain some fat, even if only very small amounts. Not all fats are the same, and 

there is increasing evidence that the type of fat in the diet has important effects on 

health and may be more important to health than the total amount of fat in the diet. 

The fatty acids in fats can be grouped into unsaturated fatty acids (including 

monounsaturated and polyunsaturated) and saturated fatty acids. Two of the 

polyunsaturated fatty acids we need cannot be made by the body and must come from 

the foods we eat; these are called “essential fatty acids”. Saturated fats and 

monounsaturated fats can be made by the body.  

Unsaturated fats are liquid at room temperature, while saturated fats are solid at room 

temperature. The fats we eat have a mixture of these different kinds of fatty acids, each 

of which has different effects on the body. Fats made from plant foods tend to have a 

higher proportion of unsaturated fatty acids. Animal fats (with the exception of some 

fish) tend to have a higher proportion of saturated fatty acids. 

 

Major Fatty Acids: Fatty acids represent 30–35% of total energy intake in many 

industrial countries and the most important dietary sources of fatty acids are vegetable 

oils, dairy products,meat products, grain and fatty fish or fish oils. The most common 

saturated fatty acid in animals, plants and microorganisms is palmitic acid (16:0). 

Stearic acid (18:0) is a major fatty acid in animals and some fungi, and a minor 

component in most plants. Myristic acid (14:0) has a widespread occurrence, 

occasionally as a major component. Shorter-chain saturated acids with 8–10 carbon 

atoms are found in milk and coconut triacylglycerols. Oleic acid (18:1 ω-9) is the most 

common monoenoic fatty acid in plants and animals. It is also found in microorganisms. 

Palmitoleic acid (16:1 ω-7) also occurs widely in animals, plants and microorganisms, 

and is a major component in some seed oils. Linoleic acid (18:2 ω-6) is a major fatty 

acid in plant lipids. In animals it is derived mainly from dietary plant oils. Arachidonic 

acid (20:4 ω-6) is a major component of membrane phospholipids throughout the 

animal kingdom, but very little is found in the diet. a-Linolenic acid (18:3 ω-3) is found 

in higher plants (soyabean oil and rape seed oils) and algae. Eicosapentaenoic acid 

(EPA; 20:5 ω-3) and docosahexaenoic acid (DHA; 22:6 ω-3) are major fatty acids of 

marine algae, fatty fish and fish oils; for example, DHA is found in high concentrations, 

especially in phospholipids in the brain, retina and testes. 
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Unsaturated fatty acids and Poly Unsaturated Fatty Acids (PUFA): Two of the 

unsaturated fatty acids are called “essential fatty acids” because they are essential for 

health and because it is essential that we get them from the food we eat, since the body 

cannot make them. The body uses these essential fatty acids to make the others that it 

needs.  

In this group of essential fatty acids, the omega-3 fatty acids have several important 

health benefits: 

• help lower the risk of coronary heart disease and stroke 

• reduce inflammation, which is helpful for asthma and reducing the effects of arthritis 

• have a critical role in brain function and normal growth and development. 

Monounsaturated fatty acids have one carbon–carbon double bond, which can occur in 

different positions. The most common monoenes have a chain length of 16–22 and a 

double bond with the cis configuration. This means that the hydrogen atoms on either 

side of the double bond are oriented in the same direction. Trans isomers may be 

produced during industrial processing (hydrogenation) of unsaturated oils and in the 

gastrointestinal tract of ruminants. The presence of a double bond causes restriction in 

the mobility of the acyl chain at that point. The cis configuration gives a kink in the 

molecular shape and cis fatty acids are thermodynamically less stable than the trans 

forms. The cis fatty acids have lower melting points than the trans fatty acids or their 

saturated counterparts.  

12.9 POLYUNSATURATED FATTY ACIDS (PUFA): In polyunsaturated fatty acids 

(PUFAs) the first double bond may be found between the third and the fourth carbon 

atom from the ω carbon; these are called ω-3 fatty acids. If the first double bond is 

between the sixth and seventh carbon atom, then they are called ω-6 fatty acids. The 

double bonds in PUFAs are separated from each other by a methylene grouping. 

PUFAs, which are produced only by plants and phytoplankton, are essential to all higher 

organisms, including mammals and fish. ω-3 and ω-6 fatty acids cannot be 

interconverted, and both are essential nutrients. PUFAs are further metabolized in the 

body by the addition of carbon atoms and by desaturation (extraction of hydrogen). 

Mammals have desaturases that are capable of removing hydrogens only from carbon 

atoms between an existing double bond and the carboxyl group. Β -oxidation of fatty 

acids may take place in either mitochondria or peroxisomes. 
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Nomenclature of fatty acids  

 

Common fatty acids structure and properties 

 

 

Sources of monounsaturated fats are: canola oil; peanut oil; olive oil; avocados; nuts, 

such as almonds, hazelnuts and pecans; and seeds such as pumpkin and sesame seeds. 

Sources of polyunsaturated fats are: sunflower oil; corn oil; soybean oil; flaxseed oil; 

walnuts, flaxseeds; and fish. Fatty fishes, including salmon, trout, mackerel, herring, 

sardines, pilchards, kipper, eel, whitebait, tuna, anchovies, swordfish, bloater, cacha, 

carp, hilsa, jack fish, katla and sprats, are rich in omega-3 fatty acids. 

Saturated fatty acids: Saturated fatty acids are found in many animal foods and in 

some plants; they are also made by the body. Individual saturated fatty acids act 

differently in the body and may have different health effects. For example, high intakes 

of some animal fats may increase the risk of coronary heart disease, while red palm oil, 

coconuts and coconut oil, also saturated fats, do not increase the risk. (Red palm oil is 

also a good source of vitamins A and E). Replacing saturated fatty acids in the diet with 

monounsaturated or polyunsaturated fatty acids and consuming less than 10% of 

calories from saturated fatty acids (8% for children) is associated with a lower risk of 

cardiovascular disease. 
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Sources of saturated fatty acids are: foods from animal products, such as beef, pork, 

cheese, butter, ghee, lard, suet or other cooking fat from animal sources, whole milk, and 

cream, fats from meat or meat products. Plant sources include coconut and red palm oil. 

Trans fatty acids: When vegetable oils are processed to make them harder, some of the 

fatty acids are changed into trans fatty acids. Trans fatty acids are present in margarine, 

shortening, other solid fats and in commercially fried and baked foods (such as biscuits, 

cakes, chips), where they are called “partially hydrogenated oils”.  

Trans fats have been found to contribute to heart disease and may contribute to other 

health problems, such as diabetes. These fats and foods containing these fats should be 

avoided or consumed as little as possible (less than 1% of calories). 

Cholesterol: Cholesterol is a fat-like substance that occurs naturally in animal foods; 

vegetables and vegetable products do not contain cholesterol. The body also makes it. 

We need some cholesterol for our bodies to grow and function properly. There are 

different kinds of cholesterol in the blood, including: 

• HDL “good” cholesterol (high-density lipoprotein). High levels of “good” cholesterol 

seem to reduce the risk of heart disease.  

• LDL “bad” cholesterol (low-density lipoprotein). High levels of “bad” cholesterol seem 

to increase the risk of heart disease.  

Individual saturated fatty acids have different effects on the levels of good and bad 

cholesterol in the blood. Some saturated fatty acids may raise or lower cholesterol 

levels; others do not have any effect on it. For example, choosing foods with 

monounsaturated fatty acids and omega-3 fatty acids over saturated fatty acids is 

beneficial because unsaturated fatty acids tend to decrease the level of bad cholesterol. 

Choosing foods with trans fatty acids over foods with saturated fatty acids is not 

beneficial, because trans fatty acids decrease the level of good cholesterol and increase 

the level of bad cholesterol. 

In general, it is recommended that: 

• most of the fat in the diet come from unsaturated fatty acids, including oils, seeds, nuts 

and fatty fish that provide omega-3 fatty acids; 

• small amounts come from saturated fatty acids (less than 10% of calories in the diet 

for adults and 8% for children); and  
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• trans fats and foods containing trans fats (partially hydrogenated oil) be avoided or 

consumed as little as possible (less than 1% of energy). 

12.10 INVISIBLE FATS: Invisible fats are the products added to recipes that contribute 

to dietary fat intake. These fats are "invisible" because they are added to foods and 

dieters are unaware of the fat they consume. Fats included in foods from the grocery 

store can be discovered by reading food labels. Foods that are cooked in the home or by 

family members are the most common forms of invisible fats, since dieters are unaware 

of the content. 

Dairy: Dairy is often added to recipes such as creams, sweets and gravy. Dairy contains 

a large amount of fat and cholesterol that is invisible to dieters who eat pre-made meals. 

Eggs are also added to recipes, which greatly increases the amount of fat in some 

products. Some food manufacturers have included optional products that are non-dairy, 

greatly reducing the amount of invisible fat in the food product. Cheese is added to some 

meals as well, but it can be removed. For instance, ordering a hamburger instead of a 

cheeseburger cuts out the invisible fat. 

Nuts and Seeds: Nuts and seeds are added to snack products and in recipes for sweets 

like cookies. Nuts and seeds can be a good source for unsaturated fats, which are 

included in the good fats category. However, for people on a low-fat diet, these products 

get added to foods like cookies, salads, cereals and fruit salads. Some nuts have lower 

amounts of fats like almonds and walnuts. Nuts like cashews and peanuts contain large 

amounts of fats. When eating out at a restaurant, ensure the salad ordered does not 

contain peanuts to avoid invisible fat and food allergies. 

Oils and Butter: Oil is added to several cooked foods especially in restaurants. Butter is 

an added product placed in pans for greasing and flavouring. Oil is used in fried foods, 

which is the source of the unhealthy cooking technique. Oil is also added in recipes, such 

as creams and salad dressings. Butter is used to flavour some foods, and it's added to 

several types of recipe including pastries and sweets. To avoid invisible fats, use low-fat 

alternatives in recipes and avoid fried foods. 

12.11 SUMMARY:  

Difference between Kwashiorkor and Marasmus 
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Kwashiorkor Marasmus 

1. Caused by the deficiency of protein in the 

diet of child. 

 

2. Kwashiorkor occurs in children in the age 

group 1-5 years. 

3. The disease is more common in villages 

where there is small gap period between 

successive pregnancies. 

4. In this disease, swelling of body is observed 

due to retention of fluids. 

5. Wasting of muscles is not evident. 

 

6. Skin changes color and become broken and 

scaly. 

1. Caused by deficiency of protein as well as 

energy nutrients (that is carbohydrates and 

fats) in the diet. 

2. Marasmus occurs in children below the age 

of 1 year. 

3. This disease is more common in towns and 

cities where breast-feeding is discontinued 

quite early. 

4. No swelling of body takes place in 

Marasmus. 

 

5. In Marasmus, wasting of muscles is quite 

evident. The child is reduced to skin and 

bones. 

6. Skin does not change color and does not 

break. 

 

Fats:  

• Fats carry out many important functions in the body. They help the body absorb 

certain vitamins, produce hormones and build body tissues. Fats are important for the 

development of the brain and the central nervous system. 

• Adequate fat is an important part of a healthy diet that meets individual energy and 

nutrient needs and takes into account appropriate levels of physical activity. 

• Most of the fat in the diet should come from unsaturated fats, especially from seeds, 

nuts and fatty fish that provide omega-3 fatty acids. 

• Small amounts should come from saturated fatty acids (less than 10% of calories in 

the diet for adults and 8% for children).  

• Trans fats and foods containing trans fats (partially hydrogenated oil) should be 

avoided or consumed as little as possible (less than 1% of calories) 

12.12 KEY WORDS: protein calorie malnutrition; Kwashiorkor and Marasmus, fats, 

invisible fat, essential fatty acids, PUFA. 



Unit-12: Protein calorie malnutrition & Fats 
 

KSOU-BC-1.3; Block-3: Unit-12 Page 214 
 

12.13 QUESTIONS FOR SELF STUDY 

1. Define protein calorie malnutrition 

2. Write a note on a) Kwashiorkor b) Marasmus c) Marasmic-kwashiorkor 

3. What are fats? Explain their nutritional values? 

4. Describe the nutritional classification of fats with sources  

5. Give detailed account on unsaturated fatty acids and poly unsaturated fatty acids  

6. What are invisible fats 
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13.0 OBJECTIVE: After studying this unit, you should be able to, 

 Define what are vitamins and vitamin like compounds 

 Classify vitamins into various groups based on solubility 

 Write the structures and functions of fat soluble vitamins 

 List the daily requirements of fat soluble vitamins 

 Explain the diseases associated with more or less consumption of fat soluble 

vitamins                                       

 

13.1 INTRODUCTION: Vitamins are a group of complex organic nutrients required in 

small quantities for variety of biochemical reaction. They are not synthesized in our 

body, been taken in the diet to maintain good health. Vitamins are classified into fat-

soluble (A, D, E and K) and water-soluble vitamins (B-Complex, C). Their deficiency 

causes a set of symptoms called deficiency symptom or deficiency disease. Vitamin B1 

deficiency causes beriberi, vitamin A deficiency causes night-blindness, vitamin D 

deficiency causes rickets, etc. Vitamins act as co-enzymes or essential part of co-

enzymes. Both vitamins and minerals are necessary to a well-balanced diet. As a matter 

of fact, vitamins control your body's utilization of minerals. In addition, each vitamin 

seems to have a specific role to play in normal body function. Thus it is essential that 

one receives the necessary amounts of vitamins. We will learn in detail about the fat 

soluble vitamins functions, structure, deficiency, requirement etc in this unit. In 

addition we will discuss the role of vitamin like compounds in normal functioning of 

human body. 

 

13.2 VITAMINS: Vitamins are organic molecules required in the diet in small amounts 

to perform specific biological functions for normal maintenance of optimum growth and 

health of an organism. The word "vitamine" is derived from two words (vital + amine= 

vitamine), vital meanig required for life and amine, since most of the earlier identified 

compounds had amine group. Later discoveries demonstrated that all vitamines did not 

contain amine group, and hence letter "e" was dropped.  

Vitamins generally cannot be synthesized by higher organisms such as mammals and 

therefore must be supplied in the diet. Lower organisms like E. coli can synthesize all 

the vitamins. It is believed that higher organisms lost their ability to synthesize vitamins 

during evolution and hence obtain vitamins from diet. Vitamins are additionally 



Unit-13: Vitamins: Fat soluble vitamins and vitamin like compounds 
 

KSOU-BC-1.3; Block-4: Unit-13 Page 217 
 

required for proper utilisation of other food components like carbohydrates, lipids and 

proteins. The most prominent functions of vitamins are as cofactors / coenzymes / 

prosthetic groups for enzymatic reactions. The discovery of vitamins started from 

observation of deficiency diseases such as scurvy, rickets, beriberi, etc. The vitamin 

theory was suggested independently by Hopkins and Funk. 

General characteristics of vitamins 

1. Vitamins are present ubiquitously both in animal and plant sources. 

2. All common foods contain more than one vitamin. 

3. Plants can synthesize all vitamins whereas only few vitamins are synthesized in the 

animals. 

4. Human body can synthesize some vitamins using their precursor molecules, eg., 

vitamin A from carotene, vitamin D from ergosterol. Some B complex vitamins are 

synthesized by microbes present in the alimentary canal of animals. 

5. Most of the vitamins have been artificially synthesized. Vitamins are non-antigenic in 

nature. 

6. All cells store vitamins. Vitamins are effective when consumed orally and are partly 

destroyed and excreted. 

An ordinary Indian diet contains most of the required vitamins. The deficiency of 

vitamins can be due to many reasons such as reduced intake, impaired absorption, 

impaired metabolism, additional requirement and increased losses in an individual. 

There are about 15 vitamins that are essential for normal functioning of humans. The 

classification of vitamins is given in Table.1. 

 

13.3 CLASSIFICATION OF VITAMINS 

The Vitamins are classified into two groups:    1. Fat soluble (A, D, E & K) and 

                                                                                  2. Water soluble (B-complex & C). 

The B-complex vitamins can be sub-divided into energy releasing (B1, B2, B6, biotin 

etc.) and hematopoietic (folic acid & B12). Water soluble vitamins exert their function 

through coenzyme actions while only K among the fat soluble vitamins is identified to 

have a coenzyme role.  

 

13.4 FAT SOLUBLE VITAMINS 
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Vitamins A, D, E & K are fat 

or lipid soluble vitamins 

and are not readily soluble 

in water. These vitamins 

are soluble only in fat and 

their availability in diet; 

absorption and 

transportation are 

associated with fat. These 

vitamins are also soluble in 

fat solvents such as alcohol, acetone, ether etc. Fat soluble vitamins are stored in liver 

and adipose tissue and are not excreted. Therefore, over consumption and storage of fat 

soluble vitamins can lead to hyper-vitaminosis. Now let us study these vitamins 

individually. 

 

13.4.1 VITAMIN A - RETINOL 

History: Vitamin A was recognised by Elmer McCollum and isolated by Holmes in 1971. 

Based on its role in visual cycle it is called "anti-xerophthalmic factor" or "bright eyes 

vitamin". 

Occurrence and structure: Vitamin A as such is present only in foods of animal origin. 

Provitamins of vitamin A, carotenes are present in plant sources. Retinol (Vitamin A 

alcohol), retinal (Vitamin A aldehyde) and retinoic acid (Vitamin A acid) with vitamin A 

activity are regarded as vitamin A. They are polyisoprenoid compounds having a beta 

ionone ring system. The retinal may be reduced to retinol by retinal reductase. This 

reaction is reversible. Retinal is oxidized to retinoic acid which is a irreversible reaction.  

Vitamin a can be found in two provitamin forms in food.  

1. Retinol, a yellow fat soluble substance is found in tissue in a form of retinyl ester. 

2. β-Carotene, the yellow pigment present in vegetables is a precursor. β-Carotene has 

two β-ionone rings connected by a polyprenoid chain. One molecule of β-Carotene will 

give rise to two molecules of vitamin A. 
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Function: Majorly vitamin A is absorbed in intestine. In intestine β-Carotene is cleaved 

by deoxygenase using molecular oxygen to form retinal. Vitamin A esterifies with long 

chain fatty acid and they are hydrolysed to retinol which is absorbed by mucosal cells. 

Within mucosal cell retinol is re-esterified with fatty acid with chylomicrons and 

transported to liver. In liver it is stored as retinol palmitate. The vitamin A from liver is 

transported to pheripheral tissue as trans-retinol by Retinol Binding Protein [RBP]. 

Role of vitamin A in visual cycle: Rhodopsin is a protein found in photo-receptor cells 

of retina. It is made up of protein opsin and 11 - cis-retinal attached to lysine residue 

of protein. When light falls on retinal the 11-cis-retinal isomerizes to all-trans retinal 

and creates a series of unstable molecules. The all-trans retinal is released from protein 

opsin, remians in blood and transretinal enters the 

blood circulation. 

The isomerization induces a nervous signal along 

the optic nerve to visual center of the brain. After 

separating from opsin all trans-retinal is recycled 

and converted to 11-cis- retinal and some to all 

trans-retinol. These are transported using RBP. 

2. Vitamin A is necessary for maintenance of 

normal epithelium and skin. 

3. Retinoic acid has a role in glycoprotein synthesis. 

4. vitamin A is required for sulfation of the mucopolysacharides in the maturity of bone. 
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Dietary source: Vitamin A is found in Cod liver oil, Carrot, Broccoli, sweet potato, 

butter, pumpkin, egg, papaya etc. 

Daily requirement: The daily requirement is expressed in terms of retinol or retinol 

equivalents (RE). 1RE= 1ug of retinol or 6μg of β-carotene. Infants and children- 400-

600μg/day, Men- 750-1000 μg/day, Women- 750 μg/day, Pregnency and lactation - 

1000 μg/day. 

 

Deficiency: Vitamin A deficiency and vision 

Vitamin A deficiency among children in developing nations is the leading preventable 

cause of blindness. The earliest evidence of vitamin A deficiency is impaired dark 

adaptation or night blindness. Mild vitamin A deficiency may result in changes in the 

conjunctiva (corner of the eye) called Bitot's spots. Severe or prolonged vitamin A 

deficiency causes a condition called xerophthalmia (dry eye), characterized by changes 

in the cells of the cornea (clear covering of the eye) that ultimately result in corneal 

ulcers, scarring, and blindness. 

 

Vitamin A deficiency and infectious disease 

Children who are only mildly deficient in vitamin A have a higher incidence of 

respiratory disease and diarrhea as well as a higher rate of mortality from infectious 

disease compared to children who consume sufficient vitamin A. Vitamin A 

supplementation has been found to decrease both the severity and incidence of deaths 

related to diarrhea and measles in developing countries, where vitamin A deficiency is 

common. The onset of infection reduces blood retinol levels very rapidly. This 

phenomenon is generally believed to be related to decreased synthesis of RBP by the 

liver. In this manner, infection stimulates a vicious cycle, because inadequate vitamin A 

nutritional status is related to increased severity and likelihood of death from infectious 

disease.  

Toxixity / hypervitaminosis: The condition caused by vitamin A toxicity is called 

hypervitaminosis A. It is caused by overconsumption of preformed vitamin A, not 

carotenoids. Acute vitamin A toxicity is relatively rare, and symptoms include nausea, 

headache, fatigue, loss of appetite, dizziness, dry skin, desquamation and cerebral 

edema. Signs of chronic toxicity include dry itchy skin, desquamation, loss of appetite, 

headache, cerebral edema, and bone and joint pain. 
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13.4.2 VITAMIN D - CHOLECALCIFEROL 

History: Demonstration of Vitamin D existence for the first time was shown by Elmer 

McCollum in 1922. As this vitamin prevents rickets it is often referred as "antirachitic 

factor". It is also known as "sunshine factor". 

Occurence and structure: Best natural source of Vitamin D is cod liver oils of many 

fishes. This vitamin can be synthesized by humans. It is derived from 7-

dehydrocholestrol or ergosterol by UV radiation. In the skin photolysis by UV-B photons 

between position 9 and 10 of the steroid ring leads to opening of the ring B to give the 

provitamin secosterol. The cis double bond between 5th and 6th position is then 

isomerised to a trans double bond to give rise to vitamin D3 or cholecalciferol.  

 

 

Activatiotion of Vitamin D: Vitamin D2 and D3 are not biologically active. The 

cholecalciferol is first transported to liver where hydroxylation at 25th position occur to 

form 25-hydroxy cholecalciferol. In plasma it binds to vitamin D binding protein an 

alpha globulin. In kidney it is further hydroxylated at 1st position which leads to the 

generation of 1-25 dihydroxycholecalciferol. It is also called as calcitriol. It is the active 

form of vitamin D. 

 

Functions:  

1. Intestinal absorption of calcium: Calcitriol aids the absorption of calcium and 

phosphorus from intestine. Calcitriol acts like a steroid harmone. It enters the target 

cell, binds to a cytoplasmic receptor to form harmone receptor complex. Which then 
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interacts with DNA and causes transcription of specific gene that codes for calcium 

binding protein. Due to increase availability of calcium binding protein the absorption 

of calcium is increased. 

2. Mineralisation of bone: Calcitriol stimulates osteoblasts which secrets alkaline 

phosphatase. Local concentration of phosphate is increased because of this enzyme. 

Ionic product of calcium and phosphorus increases leading to mineralization. 

3. Effect on Renal rubules: Reabsorption of calcium and phosphorus is increased by 

calcitriol and thus minerals are conserved. 

Deficiency: Main deficiency diseases are Rickets in children and Osteomalacia in adults. 

Rickets: People who are not exposed to sunlight properly or bedridden for long time 

are more likely to get this disease. This disease is mostly seen in children. Clinical 

feature of rickets is insufficient mineralization of bone. This result in bone deformities 

and weight baring bones are bent and in children teeth formation is delayed. 

Osteomalacia: The term Osteomalacia is derived from Greek. Osteon mean bone and 

malacia means softness. In this disease poeple will suffer from softened bone due to 

insufficient mineralization and increased osteoporosis. Patients are more likely to get 

fractures, bone aches. 

Sources: Sunlight exposure is the primary sources of vitamin D than other supplements. 

Other sources are alfa alfa, fish liver oil, egg yolk and milk. 

Daily requirements: Children–10μg/day, Adult-5-10μg/day,                                          

Pregnency and lactation -10μg/day 

Toxicity/ hypervitaminosis: Vitamin D toxicity (hypervitaminosis D) induces 

abnormally high serum calcium levels (hypercalcemia), which could result in bone loss, 

kidney stones, and calcification of organs like the heart and kidneys if untreated over a 

long period of time. 

13.4.3 VITAMIN E - TOCOPHEROL 

History: The presence of this antistetility vitamin was demonstrated in vegetable oil by 

Evans and Mattill in 1920 on account of the development of sterility in animals in its 

absence. Vitamin E is a naturally occuring antioxidant.  
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Occurence and structure: This vitamin describes a family of eight antioxidants: four 

tocopherols (alpha-, beta-, gamma-, and delta-) and four tocotrienols (alpha-, beta-, 

gamma-, and delta-). Among therese, 

alpha-tocopherol is the most active 

with alpha tocopherol have widest 

distribution and greatest biological 

avtivity. The tocopherols are 

derivatives of 6-hydroxy chromane (tocol) ring with sioprenoid (3 units) side chain. The 

antioxidant property is due to the chromane ring. Along with fats it also need bile salt 

for its absorption. Tocopherol is absorbed and transported as chylomicrons. They are 

stored in Adipose tissue. 

Function: As an antioxidant, vitamin E acts as a peroxyl radical scavenger, preventing 

the propagation of free radicals in tissues, by reacting with them to form a tocopheryl 

radical, which will then be reduced by a hydrogen donor (such as vitamin C) and thus 

return to its reduced state. As it is fat-soluble, it is incorporated into cell membranes, 

which protects them from oxidative damage. 

 As an enzymatic activity regulator, for instance, protein kinase C (PKC), which plays 

a role in smooth muscle growth, can be inhibited by α-tocopherol. α-Tocopherol has 

a stimulatory effect on the dephosphorylation enzyme, protein phosphatase 2A, 

which in turn, cleaves phosphate groups from PKC, leading to its deactivation, 

bringing the smooth muscle growth to a halt.  

 Vitamin E also protects lipids and prevents the oxidation of polyunsaturated fatty 

acids.  

 Vitamin E also plays a role in neurological functions, and inhibition of platelet 

aggregation.  

 Tocopherol acts as an antimutagen and slows progression in Alzheimer's disease. 

Deficiency: Signs of vitamin E deficiency include neuromuscular problems like 

myopathies. In myopathies muscle fibre donot function, resulting in muscular 

weakness. Deficiency also results in anaemia due to oxidative damage to RBC. 

Dietary sources: Vegetable oils are rich sources of vitamin E like wheat germ oil, 

sunflower oil, cotton seed oil, palm oil. 
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Daily requirements: 15mg of vitamin E is equivalent to 33 IU (International Unit). 

Infants-4mg/day, Children-6-10mg/day, Adults- 15mg/day, Pregnency-15mg/day, 

Lactation-19mg/day. 

Toxicity / hypervitominosis : At doses above 100 mg/day may cause hemorrhage 

because it acts as anticoagulant. 

13.4.4 VITAMIN K - PHYLLOQUINONE 

History: Henrik Dam, a Danish investigator discovered vitamin K based on the fatal 

disease characterized by prolonged blood-clotting period. The "K" is derived from the 

Danish word "koagulation." Coagulation refers to the process of blood clot formation.  

Occurence and structure: They are 

napthoquinone derivatives along with 

isoprenoid side chain. There are two 

naturally occurring forms of vitamin K, 

vitamin K1 and K2. Vitamin K1, also 

known as phylloquinone, is synthesized 

by plants and is the predominant form 

in the diet. Vitamin K2 comes from 

animal sources and synthesis by 

intestinal bacteria. Vitamin K2 includes 

a range of vitamin K forms, collectively 

referred to as menaquinones, with repeating 5-carbon units in the side chain of the 

molecule. These forms of vitamin K are designated menaquinone-n (MK-n), where n 

stands for the number of 5-carbon units. 

 

Absorption and storage: Vitamin K is absorbed in intestine along with chylomicrons. 

Bile salts are required for normal absorption. It is stored in liver and transported in 

plasma along with beta lipoprotein. 

Function: Vitamin K functions as a cofactor for an enzyme that catalyzes the 

carboxylation of the amino acid, glutamic acid, resulting in its conversion to gamma-

carboxyglutamic acid (Gla). The reduced form of Vitamin K acts as a coenzyme for 

carboxylase that produces modified glutamate sidechain. Alpha carboxylation is also 

necessary for functional activity of C-reactive protein, osteocalcin, and structureal 

proteins of kidney lung and spleen. Osteocalcin is synthesized by osteoblasts and seen 
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in bone. It binds to hydroxy apatite crystals of bone. The degree of binding depends on 

γ-carboxylation. Thus Vitamin K helps retaining calcium to bones. 

The ability to bind calcium ions (Ca2+) is required for the activation of the seven vitamin 

K-dependent clotting factors, or proteins, in the coagulation cascade. Vitamin K-

dependent gamma-carboxylation of specific glutamic acid residues in those proteins 

makes it possible for them to bind calcium. 

Deficiency: The intestinal bacterial synthesis is sufficient to meet the needs of the body. 

However deficiency can occur in condition of malabsorption of lipids can result in 

obstructive jaundice, chronic pancreatitis, spruce etc. Hemorrhagic disease of the 

newborn is attributed to Vitamin K deficiency due to its absence.  

Dietary source: Vitamin K is made by the bacterial that line the gastrointestinal tract. 

Other sources are green leafy vegetable, broccoli, cauliflower, fish oil, eggs and meat. 

Daily requirement: Infants- 2μg/day, Children-30 μg/day, Adults-75-100 μg/day, 

Pregnency and lactation- 90 μg/day. 

Toxicity / hypervitaminosis: Large quantity of manadione intake may result in 

toxicity. Hypervitaminosis may result in hemolysis, hyperbilurbinemia and brain 

damage. 

13.5 VITAMIN-LIKE COMPOUNDS 

There are a number of organic compounds that, although related to the vitamins in 

activity, cannot be defined as true vitamins; normally they can be synthesized by 

humans in adequate amounts and therefore are not required in the diet. These 

substances usually are classified with the B vitamins, because of similarities in 

biological function or distribution in foods. Earlier workers have described these factors 

sometime or the other, as essential to higher animals. However, their essential nature 

and requirement in humans has not been established. Although not essential in the diet, 

they perform many important functions in the body. Selected examples of such 

substances which may be regarded as vitamin like compounds are described here. 

 

13.5.1 CHOLINE: Choline is trimethylhydroxy 

ethanolamine. It can be synthesized in the body (from 

serine). It is also available from many dietary sources 

(e.g. milk, eggs, liver, cereals etc.). 

Biochemical functions:   
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1. Choline, as a component of plrospholipids Llecithins) is involved in membrane 

structure and lipid transport. 

2. Choline prevents the accumulation of fat in liver (as lipotropic factor). It promotes the 

synthesis of phosphol ipids and lipoproteins and the disposal of triacylglycerols from 

liver. 

3. Due to the presence of three methyl groups (one carbon fragments), choline is 

actively involved in one carbon metabolism. 

4. Choline is a precursor for the synthesis of acetylcholine which is required for 

transmission of nerve impulse. 

 

Choline appears to be an essential nutrient for a number of animals and 

microorganisms that cannot synthesize adequate quantities to satisfy their 

requirements. Choline is a constituent of an important class of lipids 

called phospholipids, which form structural elements of cell membranes; it is a 

component of the acetylcholine molecule, which is important in nerve function. Choline 

also serves as a source of methyl groups (−CH3 groups) that are required in various 

metabolic processes. The effects of a dietary deficiency of choline itself can be alleviated 

by other dietary compounds that can be changed into choline. Choline also functions in 

the transport of fats from the liver; for this reason, it may be called a lipotropic factor. A 

deficiency of choline in the rat results in an accumulation of fat in the liver. Choline-

deficiency symptoms vary among species; it is not known if choline is an essential 

nutrient for humans since a dietary deficiency has not been demonstrated.  

As such, choline can be synthesized and reutilized in humans. This may however, be 

insufficient to meet the body needs. Some workers label choline as an essential dietary 

nutrient with recommended dietary allowance in the range of 400-500mg/day. 

 

13.5.2 MYO-INOSITOL: lnositol is hexahydroxy-cyclohexane. lt is 

also known as myo-inositol or meso-inositol. Inositol is 

a carbohydrate that closely resembles glucose in structure; 

inositol can be converted to phytic acid, which is found in grains 

and forms an insoluble (and thus unabsorbable) calcium salt in 

the intestines of mammals. 
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Biochemical functions:  

1. Inositol is required for the synthesis of phosphatidylinositol (lipositol) which is a 

constituent of cell membrane. 

2. It acts as a lipotropic factor (along with choline) and prevents the accumulation of fat 

in liver. 

3. For some hormones, inositol acts as a second messenger at the membrane level for 

the release of Ca2+ ions. 

4. lnositol concentration in the heart muscle in high, the significance of which however, 

is not known. 

5. Phytin is hexaphosphate of inositol found in plants. lt prevents the absorption of iron 

and calcium from the intestine. 

The biological significance of myo-inositol has not yet been established with certainty. It 

is present in large amounts, principally as a constituent of phospholipids in humans. 

Inositol has not been established as an essential nutrient for humans; however, it is a 

required factor for the growth of some yeasts and fungi. 

 

13.5.3 PARA-AMINOBENZOIC ACID: Para-aminobenzoic acid 

(PABA) is required for the growth of several types of 

microorganisms; however, a dietary requirement by vertebrates 

has not been shown.  

PABA is a structural constituent of folic acid. PABA may be 

regarded as a vitamin in another vitamin (folic acid). The deficiency 

of PABA was first found to be associated with failure of lactation 

and greying of black hair in rats. The specific functions of PABA in humans, except that it 

is a component of folic acid, have not been identified. PABA is synthesized by the 

bacteria and is essential for their growth. The sulfa drug sulfonilamide (p-amino 

benzene sulfonilamide) is a structural analogue of PABA. Sulfonilamide competes with 

PABA and acts as a bacteriostatic agent. Ingestion of large doses of PABA will compete 

with the action of drugs and therefore should be avoided during sulfonilamide therapy 

(trade name-sulfonamides). 

 

13.5.4 CARNITINE: Carnitine is essential for the growth of mealworms. The role 

of carnitine in all organisms is associated with the transfer of fatty acids from the 
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bloodstream to active sites of fatty acid oxidation 

within musclecells. Carnitine, therefore, regulates the 

rate of oxidation of these acids; this function may 

afford means by which a cell can rapidly shift its 

metabolic patterns (e.g., from fat synthesis to fat 

breakdown). Synthesis of carnitine occurs in insects and in higher animals; therefore, it 

is not considered a true vitamin. 

 

13.5.5 LIPOIC ACID: Lipoic acid is an organic acid that occurs naturally in the body and 

has multiple functions. Lipoic acid (thioctic acid) is a sulphur containing fatty acid (6, 8-

dithiooctanoica cid). It exists in an oxidized and reduced form. Lipoic acid is fat as well 

as water soluble. Primarily it is used as a co-enzyme in mitochondrial reactions, similar 

to that of thiamin.  

Lipoic acid is involved in the decarboxylation 

reactions along with other vitamins (thiamine, 

niacin, riboflavin and pantothenic acid). The 

conversion of pyruvate to acetyl CoA (by pyruvate dehydrogenase) and a-ketoglutarate 

to succinylC oA (by α-ketoglutaradte dehydrogenase) requires lipoic acid. 

In recent years administration of high doses (100-600 mg/day) of lipoic acid (or 

dihydrolipoic acid) is gaining importance. Being fat and water soluble, it can 

comfortably reach various tissues. The therapeutic application of lipoic acid are related 

to its antioxidant property (regarded as universal antioxidant), some of them are listed. 

It has the following functions and therapeutic applications. 

 Reduces the free radicals in brain that otherwise contribute to Alzheimer's disease 

and multiple sclerosis. 

 Lipoic acid stimulates production of glutathione (GSH), besides helping in the recycle 

of vitamins E and C. 

 Reduces insul in resistance and brings down plasma low density lipoproteins. 

 May be useful in the prevention of stroke and myocardial infarction. 

  Potent co-enzyme in the metabolic pathway (helps the cells produce energy). 

 Free radical scavenger/anti-oxidant - it has the remarkable property of being able to 

do this directly and also by regenerating other anti-oxidants such as glutathione and 

vitamin C and E. 
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 Improves glucose utilisation: Cellular uptake of glucose is improved. This effect, 

along with the free radical scavenging, is probably the reason it is effective in 

managing diabetic neuropathy. 

 Improves the redox balance - this decreases inflammation at a cellular level, which is 

the root cause of diabetes, cardiovascular disease, arthritis and some cancers. 

 Chelates metals that may be implicated in disease promotion through the creation of 

particularly aggressive free-radicals. 

 The best-known enzyme, which depends on lipoic acid, is the PDH (pyruvate 

dehydrogenase) complex, which forms part of the centre of aerobic metabolism: the 

citrate cycle. 

It has been used for many years in clinical studies and is an increasingly popular 

supplement. It is primarily used in conjunction with Acetyl L-Carnitine, with which it 

has a synergistic effect. Although it is apparently an essential nutrient for some 

microorganisms, no deficiency in mammals has been observed; therefore, lipoic acid 

is not considered a true vitamin. 

13.5.6 BIOFLAVINOIDS: The bioflavinoids once were thought to prevent scurvy and 

were designated as vitamin Pc, but additional evidence refuted this claim. Szent-Cyorgi 

and his associates (1936) observed that flavonoids, isolated from lemon peel (known as 

citrin) were responsible for maintenance of normal capillary permeability. The term 

vitamin P (P for permeability) was used to this group of substances. However, they are 

commonly known as bioflavonoids. Bioflavonoids act as antioxidants and protect 

ascorbic acid from being destroyed. lt is suggested that this antioxidant property may be 

responsible for maintenance of capillary permeability. Bioflavonoids have been used to 

correct the vascular abnormality in humans. Bioflavonoids are found in peel and pulp of 

citrus fruits, tobacco leaves and many vegetables. The requirement of these compounds 

in humans has not been established. 

 

13.6 SUMMARY: 

 Vitamins are a group of substances that are essential for normal cell function, growth, 

and development. There are 13 essential vitamins. Vitamins are grouped into two 

categories: 1. Fat-soluble vitamins are stored in the body's fatty tissue. The four fat-
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soluble vitamins are vitamins A, D, E, and K. 2. There are nine water-soluble vitamins. 

The body must use water-soluble vitamins right away. Any leftover water-soluble 

vitamins leave the body through the urine. Vitamin B12 is the only water-soluble 

vitamin that can be stored in the liver for many years. 

 Each of the vitamins has an important job in the body. A vitamin deficiency occurs 

when you do not get enough of a certain vitamin. Vitamin deficiency can cause health 

problems. Not eating enough fruits, vegetables, beans, lentils, whole grains and 

fortified dairy foods may increase your risk for health problems, including heart 

disease, cancer, and poor bone health. 

 Vitamin A is a fat-soluble vitamin. Two different types of vitamin A are found in the 

diet. Preformed vitamin A is found in animal products such as meat, fish, poultry and 

dairy foods. The other type, pro-vitamin A is found in plant-based foods such as fruits 

and vegetables. The most common type of pro-vitamin A is beta-carotene.  

Vitamin A is also available in dietary supplements, usual in the form of retinyl acetate 

or retinyl palmitate (preformed vitamin A), beta-carotene (pro-vitamin A) or a 

combination of preformed and pro-vitamin A. Alternative Names: Retinol; Retinal; 

Retinoic acid. Function: Vitamin A helps form and maintain healthy skin, teeth, 

skeletal and soft tissue, mucus membranes, and skin. It is also known as retinol 

because it produces the pigments in the retina of the eye. 

 Vitamin D is alternatively also known as the "sunshine vitamin," since it is made by 

the body after being exposed to sun. Ten to 15 minutes of sunshine three times a 

week is enough to produce the body's requirement of vitamin D. Other names: 

Cholecalciferol (Vitamin D3); Ergocalciferol (VitaminD2). Function: Vitamin D helps 

the body absorb Calcium. Vitamin D deficiency can lead to osteoporosis in adults 

or rickets in children. Food Sources: Fatty fish (tuna and salmon) are among the best 

sources of vitamin D. Beef liver, cheese, and egg yolks provide small amounts.  

 Vitamin E is an antioxidant also known as tocopherol (α-tocopherol; γ-tocopherol).  

Function: It plays a role in the formation of red blood cells and helps the body use 

vitamin K. Vitamin E is an antioxidant that protects body tissue from damage caused 

by substances called free radicals. The body also needs vitamin E to help keep the 

immune system strong against viruses and bacteria. Food Sources: Vegetable oils 

(wheat germ, sunflower, safflower, corn, and soybean oils), Nuts (almonds, peanuts 

etc.), Seeds (sunflower seeds), Green leafy vegetables (spinach and broccoli), 
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Fortified (vitamins have been added to the food) breakfast cereals, fruit juices, 

margarine, and spreads.  

 Vitamin K (Phylloquinone; K1; Menaquinone; K2; Menadione; K3) is known as the 

clotting vitamin, because without it blood would not clot. Food Sources: Green leafy 

vegetables (kale, spinach, turnip greens, collards, mustard greens, parsley, romaine, 

and green leaf lettuce), Fish, liver, meat, eggs, and cereals (contain smaller amounts). 

Vitamin K is also made by the bacteria that line the gastrointestinal tract. 

 There are a number of organic compounds which may be regarded as vitamin like 

compounds that can be synthesized by humans in adequate amounts. They are 

Choline, Myo-Inositol, Para-Aminobenzoic Acid, Carnitine, Lipoic Acid and 

Bioflavinoids.  

13.7 KEY WORDS: Vitamins, Vitamin A (Retinol), Vitamin D (Cholecalciferol), Vitamin E 

(Tocopherol), Vitamin K (Phylloquinone), Vitamin-Like Compounds, Choline, Myo-

Inositol, Para-Aminobenzoic Acid, Carnitine, Lipoic Acid, Bioflavinoids. 

  

13.8 QUESTIONS FOR SELF STUDY: 

1. Briefly explain the classification of Vitamins. 

2. Explain the visual cycle aid by Vitamin A. 

3. How does Vitamin D get activated? 

4. Explain the antioxidant role of Vitamin E. 

5. Does human body need Vitamin K, If yes why? 

6. What are the rich sources of Vitamin A and D? 

7. What are vitamin-like compounds? 

8. Write a note on the following: a) Lipoic acid b) Choline c) Myo-inositol d) PABA 

  13.9 FURTHER REFERENCES: 

1) Text book of biochemistry-White, Handler and Smith. 

2) Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

3) Text book of Physiology- Chatterjee 

4) Essentials of Food and Nutrition- Swaminathan M. 

5) A text book of biochemistry- A.V.S.S. Rama Rao- UBS Publishers. 

6) Biochemistry- U. Satyanarayana and U. Chakrapani. 
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14.0 OBJECTIVE: After studying this unit thoroughly, you should be able to, 

 Define water soluble vitamins 

 Write the structures and functions of water soluble vitamins 

 List the daily requirements of water soluble vitamins 

 Explain the deficiency diseases of water soluble vitamins 

 Write about coenzyme functions of water soluble vitamins 

 

14.1 INTRODUCTION: Polish chemist Casimir Funck coined the term vitamin in 1910 

after isolating from rice a substance curing the disorder beriberi. He called the 

substance “vital amine”, which then became vitamin. As other substances were isolated 

over the following decades the number of vitamins grew (and shrank, as some vitamins 

were relegated to ‘vitamin like compounds’). The name of a vitamin is a letter 

representing a group of chemical compounds (e.g. vitamin A, vitamin B). A number to 

distinguish between the various subgroups of chemicals then follows this letter (e.g. 

vitamin B12). In this unit we discuss all the water soluble vitamins, their structures and 

functions and understand the daily requirements. We will also learn about their 

coenzyme functions and deficiency diseases.  

 

14.2 WATER SOLUBLE VITAMINS: 

B complex vitamins and vitamin C comes under this group. Vitamin B complex has -

Thiamine, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic acid and 

Biotin. Let us study these vitamins individually. 

 

14.3 VITAMIN B1- THIAMINE 

Thiamin occurs in the human body as free 

thiamin and as various 

phosphorylated forms: thiamin 

monophosphate (TMP), thiamin 

triphosphate (TTP), and thiamin 

pyrophosphate (TPP), which is also known as thiamin diphosphate. 



Unit-14: Water soluble vitamins: Vitamins B & C. 
 

KSOU-BC-1.3; Block-4: Unit-14 Page 234 
 

Structure: Thiamine contains a substituted pyrimidine ring connected to a substituted 

thiazole ring by means of Methylene bridge. With the help of ATP two ATP groups are 

added leading to active coenzyme form TPP. 

Coenzyme function: 

Thiamin pyrophosphate (TPP) is a required coenzyme for a small number of very 

important enzymes. The synthesis of TPP from free thiamin requires magnesium, 

adenosine triphosphate (ATP), and the enzyme, thiamin pyrophosphokinase. TPP 

catalyses the breakdown of pyruvate to acetyle coA and carbon dioxide. TPP involved in 

degration of alpha ketobutyrate and alpa keto derivative of branched amino acid. 

Transketolase catalyzes critical reactions in another metabolic pathway known as the 

pentose phosphate pathway. One of the most important intermediates of this pathway 

is ribose-5-phosphate, a phosphorylated 5-carbon sugar required for the synthesis of 

the high-energy ribonucleotides, ATP and guanosine triphosphate (GTP). It is also 

required for the synthesis of the nucleic acids, DNA and RNA, and the niacin-containing 

coenzyme NADPH, which is essential for a number of biosynthetic reactions.  

Deficiency: Deficiency leads to Beriberi. There are three types of Beriberi. 

1. Wet beriberi: Edema of legs, face, truck and serous cavities are main features. Death 

occurs due to heart failure. 

2. Dry beriberi: In Dry beriberi muscle becomes wasted. Walking becomes difficult. 

Also Nerve degeneration poor nerve transmission noticed. 

3. Infantile beriberi: It occurs in infants born to mother who is suffering from thiamine 

deficiency. Restlessness, sleeplessness are symptoms. 

Wernicke-korsakoff syndrom: It is noticed mainly in alchoholics. Symptoms are 

involuntry eye movement, double vision, mental confusion, poor muscle coordination. 

Source: Whole grains have more thiamine than refined grains. Aleurone layer of cereals 

is a rich source. It is the inner part of seed available after husk is removed. But it will be 

removed during polishing. Even yeast, yeast extract also has thiamine. 

Daily requirement: Infants-0.2mg/day, Children- 0.5-0.9mg/day, Adult- 1mg/day, 

Pregnency and Lactation- 1.4mg/day. 

Toxicity / hypervitaminosis: There is no thiamine toxicity noticed. However a small 

number of life threatening anaphylactic reactions have been observed with large 

intravenous doses of thiamin.  
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14.4 VITAMIN B2- RIBOFLAVIN 

Riboflavin is the first B-complex vitamin to be isolated in the pure state. 

Structure: It has a dimethyl isoalloxazine ring to which a ribitol is attached .Riboflavin 

is converted to its active coenzyme FMN and FAD with the help of ATP. Riboflavin is 

absorbed from small intestine through portal vein and is passed to all tissue by general 

circulation. 

Functions:  

Oxidation-reduction (redox) reactions  

Enzymes conatining Riboflavin are called as 

flavoenzymes or flavoproteins. Flavocoenzymes 

participate in redox reactions in numerous metabolic 

pathways. Flavo-coenzymes are critical for 

the metabolism of carbohydrates, fats, and proteins. FAD 

is part of the electron transport (respiratory) chain, which is central to energy 

production. In conjunction with cytochrome P-450, flavor-coenzymes also participate in 

the metabolism of drugs and toxins. 

Glutathione reductase is a FAD-dependent enzyme that participates in the redox cycle 

of glutathione. The glutathione redox cycle plays a major role in protecting organisms 

from reactive oxygen species, such as hydro peroxides. Glutathione reductase requires 

FAD to regenerate two molecules of reduced glutathione from oxidized glutathione.  

Xanthine oxidase, another FAD-dependent enzyme, catalyzes the oxidation of 

hypoxanthine and xanthine to uric acid. Uric acid is one of the most effective water-

soluble antioxidants in the blood. Riboflavin deficiency can result in decreased xanthine 

oxidase activity, reducing blood uric acid levels 

Deficiency: Deficiency of riboflavin is always accompanied by deficiency of other 

vitamins such as beriberi and kwashiorkor. Symptoms are Glossitis (magenta coloured 

tongue), cheilosis- Inflammation at the corner of mouth. Proliferation of the bulbar 

conjunctival capillaries is the earliest sign of riboflavin deficiency. 

Daily requirements: Infants- 0.3mg/day, Children-.5mg/day, Adults- 1.1-1.3mg/day, 

Pregnancy- 1.4mg/day, Lactation-1.6mg/day. 

Dietary source: Rich sources are liver, dried yeast, egg, bananas, milk, fish and green 

leafy vegetables. 



Unit-14: Water soluble vitamins: Vitamins B & C. 
 

KSOU-BC-1.3; Block-4: Unit-14 Page 236 
 

Toxicity / hypervitaminosis: Riboflavin is not toxic when orally administered as its 

low solubility keeps it being absorbed in dangerous amounts within the digestive tract. 

Toxicity occurs when administered by injection. Long term administration may lead to 

migraine headache.  

 

14.5 VITAMIN B3- NIACIN/ NICOTINIC ACID 

Structure: Niacine is pyridine-3-carboxylic acid. Niacinamide is the acid amide. Niacine 

is converted to its coenzyme forms Nicotinamide adenine dinucleotide (NAD) and 

Nicotinamide adenine dinucleotide (NADP+) phosphate. The niacin is attached to ribose 

phosphate and then to AMP. Now it reacts 

with glutamine to form its amide. The 

nitrogen atom of niacinamide contains 

one positive charge. Hence the structure 

is abbreviated as NAD+  . 

Coenzyme form: In the oxidized form 

nitrogen of nicotinamide residue has a positive charge. In the process of reduction NAD+ 

accepts one hydrogen atom. The other hydrogen in ionized and only one electron is 

accepted. Positive sign is thus nullified. 

2H —> H + H+ + e- 

One H atom and one e- is accepted by NAD+   to from NADH and the other H is released. 

In oxidation of NADH the reaction is reversed. 

Function: 

Oxidation-reduction (redox) reactions: As many as 200 enzymes require the 

niacin coenzymes, NAD and NADP, mainly to accept or donate electrons for redox 

reactions. NAD functions most often in energy producing reactions involving the 

degradation (catabolism) of carbohydrates, fats, proteins, and alcohol. NADP functions 

more often in biosynthetic (anabolic) reactions, such as in the synthesis of all 

macromolecules, including fatty acids and cholesterol. 

Non-redox reactions:  NAD is the substrate (reactant) for two classes of enzymes 

(mono-ADP-ribosyltransferases and poly-ADP-ribose polymerase) that separate the 

niacin moiety from NAD and transfer ADP-ribose to proteins. These enzymes and their 

products, ADP-ribosylated proteins, have been found in the cells of mammals and are 

thought to play a role in cell signalling by affecting G-protein activity. G-proteins are 
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proteins that bind guanosine-5'-triphosphate (GTP) and act as intermediaries in a 

number of cell-signaling pathways. Poly-ADP-ribose polymerases (PARPs) are enzymes 

that catalyze the transfer of many ADP-ribose units from NAD to acceptor proteins. 

PARPs appear to function in DNA repair and stress responses, cell 

signalling, transcription, regulation or apoptosis, chromatin structure, and 

cell differentiation.  

Deficiency:  

Pellagra: symptom of pellagra is dermatitis sensitivity, diarrhea, nausea, vomiting, 

dementia (poor memory). 

Dietary sources: Richest sources are yeast, rice polishing, liver, peanut, whole cereal, 

legumes, and fish. Tryptophan is converted to niacin. 60mg of tryptophan will give 1mg 

of niacin. 

Daily Requirement: Infants-2-4mg/day, Children's- 8-12mg/day, Adults-16mg/day, 

Pregnancy and lactation-18mg/day. 

Toxicity / hypersensitivity: Dose of 1-6 gm per day lead to side effects like skin 

flushing, itching, skin rashness, indigestion, liver toxicity. 

 

14.6 VITAMIN B6- PYRIDOXINE: There are three traditionally considered forms of 

vitamin B6: pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM). 
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Coenzyme form: Active form of pyridoxine is pyridoxal phospate (PLP). It is 

synthesized by pyridol kinase utilizing ATP. The aldehyde group of PLP is attached with 

amino group of lysine residue of the apoenzyme. 

         Pyridoxal kinase  

Pyridoxal + ATP   ------------------->   ADP+ Pyridoxal phosphate 

   

Functions: It acts as a coenzyme for many reactions mainly on protein, amino acid 

metabolism. 

1. Transamination- Here PLP acts as coenzyme for reactions catalyzed by amino 

transferases. 

2. Decarboxylation- all decarboxylation reaction of amino acid requires PLP as 

coenzyme. 

Ex: Histidine ---> Histamine 

3. ALA synthase is a PLP dependent enzyme. 

4. PLP plays role in methionine and cysteine metabolism  

5. PLP is involved in the formation of ceramide and spingolipids 

Deficiency: In abscence of pyridoxine seretoine, epinephrine noradrenalin and gama 

amino butyric acid are not produced. It leads to Neurological disorders. Deficiency of 

pyridoxine will lead to poor secretion of spingolipids. Because of their demyelination of 

nerves and consexquent peripheral neuritis may occur. 

Source: Rich source are dried yeast, rice polishing, wheat germ, cereals, oil seeds, egg, 

milk. A part of B6 requirement is met by bacterial synthesis in intestine. 

Daily requirement: Infants-0.1-0.3mg/day, Children-0.5-1 mg/day, Adults- 1.5mg/day, 

Pregnancy and lactation- 2mg/day. 

Toxicity / hypersensitivity: Over 100 mg/day may lead to imbalance, numbness, 

muscle weakness and nerve damage. 

 

14.7 VITAMIN B5- PANTOTHENIC ACID 

The name is derived from Greek word 

where Pantos mean everywhere. This 

vitamin is widely distributed in nature. 

Structure: It contains β-alanine and D-

pantoic acid in amide linkage. 
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Coenzyme activity: Pantothenic acid and β-mercaptoethanol amine are parts of 

coenzyme A(CoA). Acetyl CoA is formed from Panthothenic acid and 3 moles of ATP. 

CoA has a terminal thiol group which is the reactive part of the coenzyme. Acyl group 

are linked to CoA by Thioester bond to give Acyl CoA. 

Function: Coenzyme A is an important component of fatty acid synthase complex. CoA 

is particularly necessary for the entry of pyruvate to TCA cycle through Acetyl CoA 

The acyl-carrier protein requires pantothenic acid in the form of 4'-phosphopantetheine 

for its activity as an enzyme. Both CoA and the acyl-carrier protein are required for the 

synthesis of fatty acids. 

Deficiency: Deficiency would cause inhibition of fatty acid synthesis, fatty acid 

oxidation and pyruvate oxidation. 

Sources: This vitamin is widely distributed in plants and animals. Mostly it is 

synthesized by bacterial flora in the intestine. Yeast and egg are good source. 

Daily requirement: Infants- 1.7mg/day, Children's- 2- 4mg/day, Adults- 5 mg/day, 

Pregnancy and lactation- 7mg/day. 

Toxicity / hypersensitivity: Pantothenic acid is not known to be toxic in humans. The 

only adverse effect noted was diarrhea resulting from very high intakes of 10 to 20 

grams/day. 

14.8 VITAMIN B7- BIOTIN 

Structure: Consists of imidazole ring fused with thione ring with a vaeric acid side 

chain. In the lysine residue of apoenzyme amide linkage will be formed. 

Coenzyme activity: In Liver biotin is 

present and it is called biocytin. Biotin acts 

as a coenzyme for carboxylation reaction. 

Biotin acts as a coenzyme for carboxylation 

reaction. Biotin captures a molecule of CO2 

and result in carboxybiotin. ATP provides 

energy. This activated carboxyl group is 

transferred to the substrate and a free biotinylated enzyme is regenerated. 

Function: Each carboxylase catalyzes an essential metabolic reaction: 

 Acetyl-CoA carboxylase I and II catalyzes the binding of bicarbonate to acetyl-CoA 

to form malonyl-CoA. Malonyl-CoA is required for the synthesis of fatty acids. The 
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former is crucial in  cytosolic fatty acid synthesis, and the latter functions in 

regulating mitochondrial fatty acid oxidation. 

 Pyruvate carboxylase is a critical enzyme in gluconeogenesis - the formation of 

glucose from sources other than carbohydrates, for example, amino acids. 

 Methylcrotonyl-CoA carboxylase catalyzes an essential step in the catabolism of 

leucine, an essential amino acid. 

 Propionyl-CoA carboxylase catalyzes essential steps in the metabolism of certain 

amino acids, cholesterol, and odd chain fatty acids (fatty acids with an odd number of 

carbon molecules) 

Deficiency: Signs of overt biotin deficiency include hair loss and a scaly red rash around 

the eyes, nose, mouth, and genital area. Neurologic symptoms in adults have included 

depression, lethargy, hallucination, and numbness and tingling of the extremities. 

Daily requirements: Infants- 5μg/day, Children- 10-20μg/day, Adults-30μg/day, 

Pregnency -30μg/day, Lactation-35μg/day. 

Sources: Normal bacterial flora of the gut will provide adequate quantities of biotin. 

Liver, yeast, peanut, soybean, milk, egg yolk are rich sources. 

Toxicity/ hypersensitivity: No reports yet. 

14.9 VITAMIN B9 - FOLIC ACID 

The name is derived from Latin word Folium which means leaf of vegetable. 

Structure: It is composed of three constituents. The pteridine group linked with para 

amino benzoic acid (PABA) is called pteroic acid. It is then attached to glutamic acid to 

form pteroyl glutamic acid for folic 

acid. 

Coenzyme form: Folic acid is first 

reduced to dihydrofolate and then to 

tetrahydrofolic acid. Both reactions 

are catalysed by NADPH dependent 

folate reduction. These tetrahydrofolate requires to carry and transfer various forms of 

one carbon unit during biosynthesis os serine, methionine, glycine choline. Methyl 

group in N5 - methyl THFA is used for synthesis of active methionine which takes part in 

transmethylation reaction. 

General Function:  
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Nucleic acid metabolism: Folate coenzymes play a vital role in DNA metabolism 

through two different pathways. 1) The synthesis of DNA from its precursors 

(thymidine and purines) is dependent on folate coenzymes. 2) A folate coenzyme is 

required for the synthesis of methionine, and methionine is required for the synthesis of 

S-adenosylmethionine (SAM). SAM is a methyl group (one-carbon unit) donor used in 

many biological methylation reactions, including the methylation of a number of sites 

within DNA and RNA. Methylation of DNA may be important in cancer prevention. 

Amino acid metabolism: Folate coenzymes are required for the metabolism of several 

important amino acids. The synthesis of methionine from homocysteine requires a 

folate coenzyme as well as a vitamin B12-dependent enzyme. Thus, Folic acid is also 

useful to reduce the level of homocystein in the blood. Folic acid prevents birth defects. 

Deficiency: Folate deficiency is most often caused by a dietary insufficiency. Individuals 

in the early stages of folate deficiency may not show obvious symptoms, but blood 

levels of homocysteine may increase. Rapidly dividing cells are most vulnerable to the 

effects of folate deficiency; thus, when the folate supply to the rapidly dividing cells of 

the bone marrow is inadequate, blood cell division becomes abnormal resulting in 

fewer but larger red blood cells. This type of anemia is 

called megaloblastic ormacrocytic anemia, referring to the enlarged, immature red 

blood cells. Neutrophils, a type of white blood cell, become hypersegmented, a change 

which can be found by examining a blood sample microscopically. Because normal red 

blood cells have a lifetime in the circulation of approximately four months, it can take 

months for folate deficient individuals to develop the characteristic megaloblastic 

anemia. Progression of such an anemia leads to a decreased oxygen carrying capacity of 

the blood and may ultimately result in symptoms of fatigue, weakness, and shortness of 

breath. It is important to point out that megaloblastic anemia resulting from folate 

deficiency is identical to the megaloblastic anemia resulting from vitamin B12 

deficiency, and further clinical testing is required to diagnose the true cause of 

megaloblastic anemia. 

Daily requirements: Infants-65μg/day, Children-200μg/day, Adults- 400μg/day, 

Pregnancy and lactation- 600μg/day. 

Dietary source: Green leafy vegetables (foliage) are rich sources of folate and provide 

the basis for its name. Citrus fruit juices, legumes, and fortified cereals are also excellent 

sources of folate. 
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Toxicity/ hypervitaminosis: Doses over 1mg may cause toxicity. Nerve damage and 

renal damage are the main symptom of toxicity. 

14.10 VITAMIN B12 - CYANOCOBALAMIN 

 It is unique among vitamins in that it contains a metal ion, cobalt. For this 

reason cobalamin is the term used to refer to compounds having vitamin B12 activity. 

Structure: It contains 63 carbon, 14 nitrogen and one cobalt atom. Four pyrrole rings 

coordinates with a cobalt atom is called corrin ring. The 5th valency of cobalt is linked to 

be a benzimidazole ring. This is then called cobalamine. If Cyanide is added at R position 

then molecule is called cyanocobalamine. In the same way if hydroxy and methyl are 

attached at R position it is called hydroxy cobalamine and methyl cobalamine 

respectively. 

 

 

Biochemical function: Vitamin B12 is involved in cellular metabolism in two active 

coenzyme forms methyl-cobalamin and 5-deoxyadenosylcobalamin. Vitamin 

B12 cooperates with folic acid (folate) in the synthesis of deoxyribonucleic acid (DNA). 

A deficiency of either compound leads to disordered production of DNA and, hence, to 

the impaired production of red blood cells. Vitamin B12 also has a separate biochemical 

role, unrelated to folic acid, in the synthesis of fatty acids in the myelin sheath that 

surrounds nerve cells. 

(1) The conversion of odd chain fatty acids (specifically propionate) into succinate. 

(2) The conversion of homocysteine into methionine via methyl group donation. 
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In the first reaction above vitamin B12 serves as a cofactor for the enzyme 

methylmalonyl-CoA mutase, which converts the odd chain fatty acid L-methylmalonyl-

CoA into succinyl-CoA. Succinyl-CoA can then enter the citric acid cycle (Krebs cycle). 

In the second reaction vitamin B12 serves as a methyl donor (i.e.: a "-CH3" unit) 

allowing the conversion of homocysteine into methionine. Interestingly, this reaction 

also requires a form of vitamin B9 (aka: folate or folic acid) known as N-

methyltetrahydrofolate. The reason this reaction is important is because methionine 

will eventually go on to form S-adenosylmethionine, which is an important contributor 

of single carbon fragments to various other molecules. 

Additionally, vitamin B12 is needed to convert N-methyltetrahydrofolate back into 

tetrahydrofolate, which serves as a cofactor in a slew of other important biochemical 

reactions. 

Deficiency: Patients typically become deficient in vitamin B12 via one of three ways: 

strict vegan diets, an autoimmune condition known as pernicious anemia, or impaired 

absorption via the gut. 

Vitamin B12 is found mainly in animal products and vegans may become deficient if 

they fail to supplement with over the counter vitamins. Patients with pernicious anemia 

have antibodies that attack the cells in the stomach that secrete a molecule (intrinsic 

factor), which helps the intestine absorb B12 from the diet. Any damage to the gut lining 

(i.e.: inflammatory bowel disease, celiac disease, etc.) can also cause impaired 

absorption of B12. Deficiencies of any cause usually take several years to develop 

because excess vitamin B12 is stored in the liver. These stores can last several years 

before becoming depleted. When a person's vitamin B12 level is low it can cause the 

accumulation of odd chain fatty acids. These are thought to "gunk-up" cellular 

membranes. This is most noticeable in the nervous system, and can result in 

neurological signs and symptoms including numbness and tingling, loss of 

proprioception (i.e.: one’s ability to "feel" where your limb is in space), and difficulty 

with coordination. In its severest form a condition known as subacute combined 

degeneration of the spinal cord can occur. 

Vitamin B12 deficiency can also cause a megaloblastic anemia. This occurs because 

rapidly dividing cells in the bone marrow require a constant supply of various forms of 

tetrahydrofolate for methylation reactions in order to produce enough DNA. When B12 
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is deficient, N-methyltetrahydrofolate cannot be converted back to tetrahydrofolate. 

When this occurs all of the tetra-hydrofolate gets trapped in the N-methyl-tetra-

hydrofolate form, which is not used as a methyl donor in nucleotide synthesis. The 

resulting DNA deficiency causes red blood cells to exit the bone marrow deformed, 

dysfunctional, and larger than normal (hence the term "megalo"-blastic anemia). 

Dietary sources: Vitamin B12 is not present in the vegetables. Liver is the richest 

source of vitamin B12. Meat, fish, egg, curd are the best sources. Lactobacillus can 

synthesis vitamin B12. 

Daily requirements: Normal daily requirement is 1-2 microgram/day. During 

pregnancy intake is increased up to 2 microgram/day. 

Toxicity/ hypersensitivity: There is no evidence that excess vitamin B12 causes any 

significant health problems. It is well excreted in the urine. Vitamin B12 has extremely 

low toxicity and even taking it in enormous doses appears not to be harmful to healthy 

individuals. 

14.11 CHOLINE: Choline is synthesized in body. Hence it is not a vitamin. But in view of its 

importance in nutrition conventionally it is included as a member of vitamin B complex. 

Structure: It is hydroxy ethyl trimethyl amine or 

trimethyl ethanol amine. In large intestine choline is 

broken into trimethylamine(TMA). Further it is 

hydrolyzed to odorless substance. 

Biochemical function: Choline has several important 

functions. It is a constituent of an important class of lipids (fats) called 

phospholipids (e.g., lecithin), which form structural elements of cell membranes. It is 

also a component of acetylcholine, which is important in nerve function. Choline serves 

as a source of the methyl groups (−CH3 groups), which are required in various metabolic 

processes, and it functions in the transport of fats from the liver. Choline is used for 

acetyl choline synthesis. 

Choline + Acetyl CoA ----------------------------> Acetly Choline + CoA 

                                        Acetly choline esterase 

Choline deficiency signs: Most common signs of choline deficiencies are fatty liver and 

hemorrhagic kidney necrosis. Choline deficiency may play a role in liver 

disease, atherosclerosis, and possibly neurological disorders. It is particularly important 
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for pregnant women to get enough choline, since low choline intake may raise the rate 

of neural tube defects in infants, and may affect their children's memory. 

Deitery sources:  Rice polishing, vegetables, milk, egg and liver are good sources. 

Daily requirements: The adequate intake of choline is 425 mg/day for adult women, 

and higher for pregnant and breast feeding women. The AI for adult men is 550 mg/day. 

For infants -125 mg/day and for children-200- 300mg/day. 

Toxicity: Fish odour syndrome. 

Choline is a precursor to trimethylamine, which some persons are not able to break 

down due to a genetic disorder called trimethylaminuria. Persons suffering from this 

disorder may suffer from a strong fishy or otherwise unpleasant body odour, due to the 

body's release of odorous trimethylamine. A body odor will occur even on a normal 

diet – i.e., one that is not particularly high in choline. Persons with trimethylaminuria 

are advised to restrict the intake of foods high in choline; this may help to reduce the 

sufferer's body odour. 

14.12 VITAMIN C - ASCORBIC ACID: Vitamin C, also called ascorbic acid, water-soluble, 

carbohydrate-like substance that is involved in 

certain metabolic processes of animals. 

Structure: The structure of ascorbic acid resembles 

that of charbohydrates. Oxidation of ascorbic acid 

further yields dehydroascorbic acid, which is 

oxidised further to give oxalic acid. Only L- ascorbic 

acid and dehydroascorbic acid have antiscorbutic activity. The D-ascorbic acid has no 

activity. 

Biochemical function: 

1. Ascorbic acid serves as a reducing agent and an antioxidant. When functioning as an 

antioxidant ascorbic acid itself becomes oxidized to semidehydroascorbate and then 

dehydroascorbate. Semidehydroascorbate is reconverted to ascorbate in the cytosol by 

cytochrome b5 reductase and thioredoxin reductase in reactions involving NADH and 

NADPH, respectively. Dehydroascorbate, the fully oxidized form of vitamin C, is reduced 

spontaneously by glutathione, as well as enzymatically in reactions using glutathione or 

NADPH. 

http://en.wikipedia.org/wiki/Precursor_(chemistry)
http://en.wikipedia.org/wiki/Trimethylamine
http://en.wikipedia.org/wiki/Trimethylaminuria
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2. The main function of ascorbate is as a reducing agent in a number of different 

reactions. Ascorbate is the cofactor for Cu+–dependent monooxygenases and Fe2+–

dependent dioxygenases. Ascorbate has the potential to reduce cytochromes a and c of 

the respiratory chain as well as molecular oxygen. The most important reaction 

requiring ascorbate as a cofactor is the hydroxylation of proline residues in collagen. 

Vitamin C is, therefore, required for the maintenance of normal connective tissue as well 

as for wound healing since synthesis of connective tissue is the first event in wound 

tissue remodeling. Vitamin C also is necessary for bone remodeling due to the presence 

of collagen in the organic matrix of bones 

3. Ascorbic acid has been implicated in the hydroxylation of tryptophan. 

4. Vitamin C helps in the synthesis of bile acid from cholesterol. 

5. Vitamin C helps in the oxidation of parahydroxy phenyl pyruvate to homogentisic 

acid. 

 Deficiency of Vitamin C: Deficiency in vitamin C leads to the disease scurvy due to the 

role of the vitamin in the post-translational modification of collagens. Scurvy is 

characterized by easily bruised skin, muscle fatigue, soft swollen gums, decreased 

wound healing and hemorrhagic, osteoporosis, and anemia. Vitamin C is readily 

absorbed and so the primary cause of vitamin C deficiency is poor diet and/or an 

increased requirement. The primary physiological state leading to an increased 

requirement for vitamin C is severe stress (or trauma). This is due to a rapid depletion 

in the adrenal stores of the vitamin. The reason for the decrease in adrenal vitamin C 

levels is unclear but may be due either to redistribution of the vitamin to areas that 

need it or an overall increased utilization. 

Inefficient intake of vitamin C has also been associated with a number of 

conditions, such as high blood pressure, gallbladder disease, stroke, some cancers, and 

atherosclerosis (plaque in blood vessels that can lead to heart attack and stroke).  

Dietary sources: Citrus fruits and fresh vegetables are the best dietary sources of the 

vitamin. Excellent sources of vitamin C are fruits and vegetables such as oranges, 

watermelon, papaya, grapefruit, cantaloupe, strawberries, raspberries, blueberries, 

cranberries, pineapple, kiwi, mango, green peppers, broccoli, turnip greens, spinach, red 

and green peppers, canned and fresh tomatoes, potatoes, Brussels sprouts, cauliflower, 
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and cabbage. Citrus juices or juices fortified with vitamin C are also excellent sources of 

the vitamin. 

Daily requirement: Infants less than 1 year old should get 50 milligrams (mg) per day. 

Children 1–3 years old need 15mg, 4–8 years old need 25mg, and 9–13 years old need 

45mg. Adolescent girls should get 65mg per day and adolescent boys should get 75mg / 

day. Adult males need 90mg/ day and adult women should get 75mg/ day. Women who 

are breastfeeding should increase their intake to at least 120mg/day.  

Toxicity/ hypervitaminosis: People who are taking more than 2000mg of vitamin C 

daily can suffer from abdominal cramps and diarrhoea. 

14.13 SUMMARY: 

 There are nine water-soluble vitamins. The body must use water-soluble vitamins 

right away. Any leftover water-soluble vitamins leave the body through the urine. 

Vitamin B12 is the only water-soluble vitamin that can be stored in the liver for many 

years. 

 Vitamin B1 or Thiamine is one of the B vitamins, a group of water-soluble vitamins. 

Function: Thiamine (vitamin B1) helps the body's cells change carbohydrates into 

energy. Thiamin also plays a role in muscle contraction and conduction of nerve 

signals. Food Sources: Whole grain products (bread, cereals, rice, pasta, and flour), 

Beef liver and pork, milk, egg, legumes and peas, nuts and seeds. A lack or deficiency 

of thiamine can cause weakness, fatigue, psychosis, and nerve damage and this can 

lead to a disease called beriberi. 

 Riboflavin or Vitamin B2 is water soluble. Function: Riboflavin works with the other 

B vitamins. It is important for body growth and red blood cell production and helps 

in releasing energy from carbohydrates. Food Sources: Dairy products, eggs, green 

leafy vegetables, lean meats, legumes, milk, nuts. Because riboflavin is destroyed by 

exposure to light, foods with riboflavin should not be stored in glass containers that 

are exposed to light. Deficiency of riboflavin leads to anaemia, mouth or lip sores, 

skin disorders, sore throat, swelling of mucus membranes.  

 Niacin (vitamin B3) helps the digestive system, skin, and nerves to function. It is also 

important for converting food to energy. Food Sources: Dairy products, eggs, 

enriched breads and cereals, fish, lean meats, legumes, nuts and poultry. A deficiency 

of niacin causes pellagra. The symptoms include: Digestive problems, inflamed skin, 
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mental impairment. Large doses of niacin can cause increased blood sugar (glucose) 

level, liver damage, peptic ulcers, and skin rashes. 

 Pantothenic acid (Vitamin B5) and biotin are water-soluble vitamins. Function: 

Pantothenic acid and biotin are essential for growth. They help in metabolism. 

Pantothenic acid also plays a role in the production of hormones and cholesterol. 

Food Sources: Biotin (cereal, chocolate, egg yolk, legumes, milk etc.) Pantothenic 

acid (avocado, vegetables, eggs, legumes etc.) 

 Vitamin B6 is also called as Pyridoxal; Pyridoxine or Pyridoxamine. Function: 

Vitamin B6 helps the body to: make antibodies, maintain normal nerve function, 

make hemoglobin, break down proteins and maintain blood sugar in normal ranges. 

Food Sources: Avocado, banana, legumes, meat etc. Deficiency can cause a form 

of anemia, confusion, depression, irritability, mouth and tongue sores.  

 Vitamin B12 is also called Cobalamin or Cyanocobalamin. The body can store vitamin 

B12 for years in the liver. Function: Vitamin B12, like other B vitamins, is important 

for metabolism. It helps in the formation of red blood cells and in the maintenance of 

the central nervous system. Food Sources: Vitamin B12 is found naturally in a wide 

variety of animal foods (Organ meats, Shellfish, poultry, eggs, milk and other dairy 

foods). Plant foods have no vitamin B12 unless they are fortified. 

 Folic acid or Folate is a water soluble vitamin. Function: Folate helps tissues grow 

and cells work. Taking the right amount of folic acid before and during pregnancy 

helps prevent certain birth defects. Folate also helps prevent anemia, diarrhea, gray 

hair, mouth ulcers etc. Folate works along with vitamin B12 and vitamin C to help the 

body break down, use, and create new proteins. The vitamin helps form red blood 

cells and produce DNA. Food Sources: Dark green leafy vegetables, dried beans and 

peas (legumes), citrus fruits and juices.  

 Vitamin C or ascorbic acid is a water-soluble vitamin. Function: Vitamin C is needed 

for the growth and repair of tissues in all parts of your body. It is required for 

synthesis of collage, used to make skin, tendons, ligaments, and blood vessels. 

Vitamin C is an antioxidant vitamin. Food Sources: All fruits and vegetables contain 

some amount of vitamin C (Cantaloupe, Citrus fruits and juices, kiwi fruit, mango, 

papaya, pineapple, broccoli, brussels sprouts, cauliflower etc.). Deficiency in vitamin 

C leads to the disease scurvy due to the role of the vitamin in the post-translational 

modification of collagens. 
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14.14 KEY WORDS: Water Soluble Vitamins, Vitamin B1 (Thiamine), Vitamin B2 

(Riboflavin), Vitamin B3 (Niacin/Nicotinic Acid), Vitamin B6 (Pyridoxine), Vitamin B5 

(Pantothenic Acid), Vitamin B7 (Biotin), Vitamin B9 (Folic Acid), Vitamin B12 

(Cyanocobalamin), Vitamin C (Ascorbic Acid). 

 

 14.15 QUESTIONS FOR SELF STUDY: 

1. Explain the disease resulting from thiamine deficiency. 

2. How does riboflavin help body? 

3. What are the dietary sources of Niacin? 

4. Explain the coenzyme form of Pyridoxine and its function. 

5. Explain the coenzyme form of Biotin and its function. 

6. Indicate the daily requirements of Folic acid. What are the good sources of folic acid? 

7. Explain the structure of vitamin B12 

8. How Fish odour syndrome is caused? 

9. Explain biosynthesis of Ascorbic acid. 

10. If an adult male is consuming 10mg of ascorbic acid per day will he be susceptible 

for deficiency of vitamin C? If yes what are the symptoms of deficiency? How much is 

the daily requirement? 

11. What are the rich sources of vitamin C?  
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15.0 OBJECTIVE: After studying this unit, you should be able to,  

 Explain distribution of water in the body 

 Describe the water compartments  in human body 

 Explain the role of following organs in water balance in human body: a) Skin, b) 

Kidney, c) Lungs  

 Understand about regulation of water loss in human body and the organs involved 

in water balance 

 Describe in detail about, a) Water electrolyte imbalance b) Acid-Base Balance 

 Describe the role of Sodium, Potassium and Chlorine in water balance. 

 

15.1 INTRODUCTION: The organism possesses tremendous capacity to survive against 

odds and maintains homeostasis. This is particularly true with regard to water, 

electrolyte and acid-base status of the body. These three are interrelated, hence they are 

considered together for the discussion. Kidney actively participates in the regulation of 

water, electrolyte and acid-base balance. Let us learn about the water and its 

association with minerals and their metabolism together in remaining units of this 

block. 

 

15.2 WATER: Water is the most abundant substance in living systems, making up 70% 

or more of the weight of most organisms. The first living organisms doubtless arose in 

an aqueous environment, and the course of evolution has been shaped by the properties 

of the aqueous medium in which life began. 

Total body water: In an average 70-kilogram adult human, the total body water is 

about 60 % of the body weight, or about 42 liters. This percentage can change, 

depending on age, gender, and degree of obesity. As a person grows older, the 

percentage of total body weight that is fluid gradually decreases. This is due in part to 

the fact that aging is usually associated with an increased percentage of the body weight 

being fat, which decreases the percentage of water in the body. Because women 

normally have more body fat than men, they contain slightly less water than men in 

proportion to their body weight. Therefore, when discussing the “average” body fluid 

compartments, we should realize that variations exist, depending on age, gender, and 

percentage of body fat. 
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15.3 WATER DISTRIBUTION: 

Daily intake of water: Water is added to the body by two major sources: (1) it is 

ingested in the form of liquids or water in the food, which together normally add about 

2100 ml/day to the body fluids, and (2) it is synthesized in the body as a result of 

oxidation of carbohydrates, adding about 200 ml/day. This provides a total water intake 

of about 2300 ml/day (Table 15.1). Intake of water, however, is highly variable among 

different people and even within the same person on different days, depending on 

climate, habits, and level of physical activity. 

Daily loss of body water: 

Insensible water loss: Some of the water losses cannot be precisely regulated. For 

example, there is a continuous loss of water 

by evaporation from the respiratory tract and 

diffusion through the skin, which together 

account for about 700 ml/day of water loss 

under normal conditions. This is termed 

insensible water loss because we are not 

consciously aware of it, even though it occurs 

continually in all living humans. 

The insensible water loss through the skin 

occurs independently of sweating and is 

present even in people who are born without 

sweat glands; the average water loss by 

diffusion through the skin is about 300 to 400 ml/day. This loss is minimized by the 

cholesterol-filled cornified layer of the skin, which provides a barrier against excessive 

loss by diffusion. When the cornified layer becomes denuded, as occurs with extensive 

burns, the rate of evaporation can increase as much as 10-fold, to 3 to 5 L/day. For this 

reason, burn victims must be given large amounts of fluid, usually intravenously, to 

balance fluid loss. Insensible water loss through the respiratory tract averages about 

300 to 400 ml/day. As air enters the respiratory tract, it becomes saturated with 

moisture, to a vapor pressure of about 47 mm Hg, before it is expelled. Because the 

vapor pressure of the inspired air is usually less than 47 mm Hg, water is continuously 

lost through the lungs with respiration. In cold weather, the atmospheric vapor 
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pressure decreases to nearly 0, causing an even greater loss of water from the lungs as 

the temperature decreases. This explains the dry feeling in the respiratory passages in 

cold weather. 

Fluid loss in sweat: The amount of water lost by sweating is highly variable, depending 

on physical activity and environmental temperature. The volume of sweat normally is 

about 100 ml/day, but in very hot weather or during heavy exercise, water loss in sweat 

occasionally increases to 1 to 2 L/hour. This would rapidly deplete the body fluids if 

intake were not also increased by activating the thirst mechanism.  

Water loss in feces: Only a small amount of water (100 ml/day) normally is lost in the 

feces. This can increase to several liters a day in people with severe diarrhea. For this 

reason, severe diarrhea can be life threatening if not corrected within a few days. 

Water loss by the kidneys: The remaining water loss from the body occurs in the urine 

excreted by the kidneys. There are multiple mechanisms that control the rate of urine 

excretion. In fact, the most important means by which the body maintains a balance 

between water intake and output, as well as a balance between intake and output of 

most electrolytes in the body, is by controlling the rates at which the kidneys excrete 

these substances. For example, urine volume can be as low as 0.5 L/day in a dehydrated 

person or as high as 20 L/day in a person who has been drinking tremendous amounts 

of water. 

This variability of intake is also true for most of the electrolytes of the body, such as 

sodium, chloride, and potassium. In some people, sodium intake may be as low as 20 

mEq/day, whereas in others, sodium intake may be as high as 300 to 500 mEq/day. The 

kidneys are faced with the task of adjusting the excretion rate of water and electrolytes 

to match precisely the intake of these substances, as well as compensating for excessive 

losses of fluids and electrolytes that occur in certain disease states. In Chapters 26 

through 30, we discuss the mechanisms that allow the kidneys to perform these 

remarkable tasks. 

 

15.4 BODY FLUID COMPARTMENTS: The total body fluid is distributed mainly 

between two compartments: the extracellular fluid and the intracellular fluid (Figure 

15.1). The extracellular fluid is divided into the interstitial fluid and the blood plasma. 

There is another small compartment of fluid that is referred to as transcellular fluid. 

This compartment includes fluid in the synovial, peritoneal, pericardial, and intraocular 



Unit-15: Water metabolism 
 

KSOU-BC-1.3; Block-4: Unit-15 Page 254 
 

spaces, as well as the cerebrospinal fluid; it is usually considered to be a specialized 

type of extracellular fluid, although in some cases, its composition may differ markedly 

from that of the plasma or interstitial fluid. All the transcellular fluids together 

constitute about 1 to 2 liters. 

Intracellular fluid compartment: About 28 of the 42 liters of fluid in the body are 

inside the 75 trillion cells and are 

collectively called the intracellular fluid. 

Thus, the intracellular fluid constitutes 

about 40 per cent of the total body 

weight in an “average” person. 

The fluid of each cell contains its 

individual mixture of different 

constituents, but the concentrations of 

these substances are similar from one 

cell to another. In fact, the composition 

of cell fluids is remarkably similar even 

in different animals, ranging from the 

most primitive microorganisms to 

humans. For this reason, the 

intracellular fluid of all the different 

cells together is considered to be one 

large fluid compartment. 

Extracellular fluid compartment: All the fluids outside the cells are collectively called 

the extracellular fluid. Together these fluids account for about 20 per cent of the body 

weight, or about 14 liters in a normal 70-kilogram adult. The two largest compartments 

of the extracellular fluid are the interstitial fluid, which makes up more than three 

fourths of the extracellular fluid, and the plasma, which makes up almost one fourth of 

the extracellular fluid, or about 3 liters. The plasma is the non-cellular part of the blood; 

it exchanges substances continuously with the interstitial fluid through the pores of the 

capillary membranes. These pores are highly permeable to almost all solutes in the 

extracellular fluid except the proteins. Therefore, the extracellular fluids are constantly 

mixing, so that the plasma and interstitial fluids have about the same composition 

except for proteins, which have a higher concentration in the plasma. 
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Blood Volume: Blood contains both extracellular fluid (the fluid in plasma) and 

intracellular fluid (the fluid in the red blood cells). However, blood is considered to be a 

separate fluid compartment because it is contained in a chamber of its own, the 

circulatory system. The blood volume is especially important in the control of 

cardiovascular dynamics. The average blood volume of adults is about 7 per cent of 

body weight, or about 5 liters. About 60 per cent of the blood is plasma and 40 per cent 

is red blood cells, but these percentages can vary considerably in different people, 

depending on gender, weight, and other factors. 

Constituents of extracellular and intracellular fluids: Comparisons of the 

composition of the extracellular fluid, including the plasma and interstitial fluid, and the 

intracellular fluids.   

Ionic composition of plasma and interstitial fluid is similar: Because the plasma and 

interstitial fluid are separated only by highly permeable capillary membranes, their 

ionic composition is similar. The most important difference between these two 

compartments is the higher concentration of protein in the plasma; because the 

capillaries have a low permeability to the plasma proteins, only small amounts of 

proteins are leaked into the interstitial spaces in most tissues. Because of the Donnan 

effect, the concentration of positively charged ions (cations) is slightly greater (about 2 

per cent) in the plasma than in the interstitial fluid. The plasma proteins have a net 

negative charge and, therefore, tend to bind cations, such as sodium and potassium ions, 

thus holding extra amounts of these cations in the plasma along with the plasma 

proteins. Conversely, negatively charged ions (anions) tend to have a slightly higher 

concentration in the interstitial fluid compared with the plasma, because the negative 

charges of the plasma proteins repel the negatively charged anions.  

 

Important constituents of the intracellular fluid: The intracellular fluid is separated 

from the extracellular fluid by a cell membrane that is highly permeable to water but 

not to most of the electrolytes in the body. In contrast to the extracellular fluid, the 

intracellular fluid contains only small quantities of sodium and chloride ions and almost 

no calcium ions. Instead, it contains large amounts of potassium and phosphate ions 

plus moderate quantities of magnesium and sulfate ions, all of which have low 

concentrations in the extracellular fluid. Also, cells contain large amounts of protein, 

almost four times as much as in the plasma. 
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Regulation of fluid exchange and osmotic equilibrium between intracellular and 

extracellular fluid: The relative amounts of extracellular fluid distributed between the 

plasma and interstitial spaces are determined mainly by the balance of hydrostatic and 

colloid osmotic forces across the capillary membranes. The distribution of fluid between 

intracellular and extracellular compartments, in contrast, is determined mainly by the 

osmotic effect of the smaller solutes-especially sodium, chloride, and other electrolytes-

acting across the cell membrane. The reason for this is that the cell membranes are 

highly permeable to water but relatively impermeable to even small ions such as 

sodium and chloride. Therefore, water moves across the cell membrane rapidly, so that 

the intracellular fluid remains isotonic with the extracellular fluid. 

Basic principles of osmosis and osmotic pressure: In this section, we discuss the 

interrelations between intracellular and extracellular fluid volumes and the osmotic 

factors that can cause shifts of fluid between these two compartments. We have learned 

the basic principles of osmosis and osmotic pressure in our lower classes. Therefore, we 

review here only the most important aspects of these principles as they apply to volume 

regulation. 

Osmosis is the net diffusion of water across a selectively permeable membrane from a 

region of high water concentration to one that has a lower water concentration. When a 

solute is added to pure water, this reduces the concentration of water in the mixture. 

Thus, the higher the solute concentration in a solution, the lower the water 

concentration. Further, water diffuses from a region of low solute concentration (high 

water concentration) to one with a high solute concentration (low water concentration). 

Because cell membranes are relatively impermeable to most solutes but highly 

permeable to water (i.e., selectively permeable), whenever there is a higher 

concentration of solute on one side of the cell membrane, water diffuses across the 

membrane toward the region of higher solute concentration. Thus, if a solute such as 

sodium chloride is added to the extracellular fluid, water rapidly diffuses from the cells 

through the cell membranes into the extracellular fluid until the water concentration on 

both sides of the membrane becomes equal. Conversely, if a solute such as sodium 

chloride is removed from the extracellular fluid, water diffuses from the extracellular 

fluid through the cell membranes and into the cells. The rate of diffusion of water is 

called the rate of osmosis. 
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Fluid balance: Fluid balance is the concept of human homeostasis that the amount 

of fluid lost from the body is equal to the amount of fluid taken in. Euvolemia is the state 

of normal body fluid volume. Water is necessary for all life on Earth. Humans can 

survive for 4–6 weeks without food, but for only a few days without water. 

The amount of water varies with the individual, as it depends on the condition of the 

subject, the amount of physical exercise, and on the environmental temperature and 

humidity. An individual's thirst provides a better guide for how much water they 

require rather than a specific, fixed number. A more flexible guideline is that a normal 

person should urinate 4 times per day, and the urine should be a light yellow colour. A 

constant supply is needed to replenish the fluids lost through normal physiological 

activities, such as respiration, perspiration and urination. The human kidneys will 

normally adjust to varying levels of water intake. The kidneys will require time to adjust 

to the new water intake level. This can cause someone who drinks a lot of water to 

become dehydrated more easily than someone who routinely drinks less. 

15.5 REGULATION OF WATER OUTPUT:  

The body's homeostatic control mechanisms, which maintain a constant internal 

environment, ensure that a balance between fluid gain and fluid loss is maintained.  

The hormones ADH (Anti-diuretic Hormone, also known as vasopressin) 

and Aldosterone play a major role in this. 

 If the body is becoming fluid-deficient, there will be an increase in the secretion of 

these hormones, causing fluid to be retained by the kidneys and urine output to be 

reduced. 

 Conversely, if fluid levels are excessive, secretion of these hormones is suppressed, 

resulting in less retention of fluid by the kidneys and a subsequent increase in the 

volume of urine produced. 

Antidiuretic hormone: 

If the body is becoming fluid-deficient, this will be sensed by osmoreceptors in 

the organum vasculosum of lamina terminalis and subfornical organ. These areas 

project to the supraoptic nucleus and paraventricular nucleus, which contain neurons 

that secrete the antidiuretic hormone, vasopressin, from their nerve endings in 

the posterior pituitary. Thus, there will be an increase in the secretion of antidiuretic 

hormone, causing fluid to be retained by the kidneys and urine output to be reduced. 
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Aldosterone: A fluid-insufficiency causes a decreased perfusion of the juxtaglomerular 

apparatus in the kidneys. This activates the renin-angiotensin system. Among other 

actions, it causes renal tubules (i.e. the distal convoluted tubules and the cortical 

collecting ducts) to reabsorb more sodium and water from the urine. Potassium is 

secreted into the tubule in exchange for the sodium, which is reabsorbed. The activated 

renin-angiotensin system stimulates zona glomerulosa of the adrenal cortex which in 

turn secretes hormone aldosterone. This hormone stimulates the reabsorption of 

sodium ions from distal tubules and collecting ducts. Water in the tubular lumen follows 

the sodium reabsorption osmotically. 

15.6 WATER ELECTROLYTE IMBALANCE: Electrolytes play a vital role in 

maintaining homeostasis within the body. They help to regulate myocardial and 

neurological function, fluid balance, oxygen delivery, acid-base balance and much more. 

Electrolyte imbalances can develop by the following mechanisms: excessive ingestion; 

diminished elimination of an electrolyte; diminished ingestion or excessive elimination 

of an electrolyte. The most common cause of electrolyte disturbances is renal failure. 

The most serious electrolyte disturbances involve abnormalities in the levels 

of sodium, potassium, and/or calcium.  

Electrolyte Balance  

The major electrolytes are Na +, K +, CI-, and HCO3- 

Sodium:  The average Na+ content of the human body is 60 mE/kg, of which 50% is in 

extracellular fluid, 40% is in bone, and 10% is intracellular. The chief dietary source of 

sodium is salt added in cooking. Excess sodium is largely excreted in the urine, although 

some is lost in perspiration. Gastrointestinal losses are small except in diarrhoea.  

Sodium balance is integrated with regulation of extracellular fluid volume. Depletional 

hyponatremia (sodium loss greater than water loss) may result from inadequate Na+ 

intake, excessive fluid loss from vomiting or diarrhoea, diuretic abuse, and adrenal 

insufficiency. 

Hyponatremia can decrease extracellular fluid volume, as occurs in congestive heart 

failure, uncontrolled diabetes, cirrhosis, nephrosis, and inappropriate ADH secretion. 

Hypernatremia results from loss of hypoosmotic fluid (e.g., in burns, fevers, high 

environmental temperature, exercise, kidney disease, diabetes insipidus) or increased 

Na+ intake (e.g., administration of hypertonic NaCl solutions, ingestion of NaHCO3). 
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Potassium: The average K+ content of the human body is 40 mEq/kg. K+ occurs mainly 

in intracellular space. It is required for carbohydrate metabolism, and increased cellular 

uptake of K+ occurs during glucose catabolism. K+ is widely distributed in plant and 

animal foods, the human requirement being about 4 g/day. Insulin and catecholamines 

promote a shift of K+ into the cells. Excess K + is excreted in the urine, a process 

regulated by aldosterone.  

Plasma K+ plays a role in the irritability of excitable tissue. A high concentration of 

plasma K+ leads to electrocardiographic (ECG) abnormalities and possibly to cardiac 

arrhythmia, which may be due to lowering of the membrane potential. Low 

concentration of plasma K+ increases the membrane potential, decreases irritability, and 

produces other ECG abnormalities and muscle paralysis.  

Hyperkalemia may occur in renal disease and adrenal insufficiency owing to impairment 

of normal secretory mechanisms. Metabolic acidosis, in particular diabetic acidosis, and 

catabolism of cellular protein in starvation or fever cause K+ release from cells. 

Treatment consists of correction of the acidosis and promotion of cellular up take of K+ 

by administration of insulin, which enhances glucose intake. In severe cases, ion 

exchange resins given orally bind K+ in intestinal secretions.  

Hypokalemia may occur from loss of gastrointestinal secretions (which contain 

significant amounts of K+) and from excessive loss in the urine because of increased 

aldosterone secretion or diuretic therapy. Hypokalemia is usually associated with 

alkalosis.  

Chloride: Chloride is the major extracellular anion. About 70% is in the extracellular 

fluid. The average Cl- content of the human body is 35 mEq/kg. Chloride in food is 

almost completely absorbed. Plasma levels of Na+ and C1- in general undergo parallel 

alterations. However, in metabolic alkalosis, chloride concentration increases. 

 

15.7 ACID-BASE BALANCE:  Normal blood pH is 7.35-7.45 (corresponding to 35-45 

nmol of H+ per liter). Values below 6.80 (160 nmol of H+ per liter) or above 7.70 (20 

nmol of H+per liter) are seldom compatible with life. A large amount of acid produced is 

a byproduct of metabolism. The lungs remove 14,000 mEq of CO2 per day. From a diet 

that supplies 1-2 g of protein per kilogram per day, the kidneys remove 40-70 mEq of 

acid per day as sulfate (from oxidation of sulfurcontaining amino acids), phosphate 

(from phospholipid, phosphoprotein, and nucleic acid catabolism), and organic acids 
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(e.g., lactic,/3-hydroxybutyric, and acetoacetic). These organic acids are produced by 

incomplete oxidation of carbohydrate and fats, and in some conditions (e.g., ketosis) 

considerable amounts may be produced.  

The most important extracellular buffer is the carbonic acid-bicarbonate system:  

CO2 + H2O  ⥦  H2CO3  ⥦  HCO3 + H+ 

As discussed earlier, at a blood pH of 7.4, the ratio of [HCO3] to [H2CO3] is 20:1 and the 

system's buffering capacity can neutralize a large amount of acid. The system is 

independently regulated by the kidneys, which control the plasma HCO3 level, and by 

the respiratory rate, which regulates the Pco2. Protein and phosphate buffer systems 

also operate in plasma and erythrocytes. Proteins are especially important buffers in the 

intracellular fluid. The hydroxyapatite of bone also acts as a buffer.  

The medullary respiratory center senses and responds to the pH of blood perfusing it 

and is the source of pulmonary control. Pco2 and perhaps Po2 also influence the center, 

together with nervous impulses from higher centers of the brain. A decrease in pH 

results in an increased respiratory rate and deeper breathing with a consequent 

increase in the respiratory exchange of gases and lowering of Pco2 which elevates the 

pH. Similarly, a decrease in respiratory rate leads to accumulation of CO2, increase in 

Pco2, and decrease in pH. Pulmonary responses to fluctuations in blood pH are rapid, 

while renal compensatory mechanisms are relatively slower.  

The kidneys actively secrete H + ions through three mechanisms:  

1. Na+/H+ exchange, 

2. Reclamation of bicarbonate, and 

3. Production of ammonia and excretion of NH+.  

The proximal tubule is responsible for reclamation of most of the 4500 mEq of HCO3- 

filtered through the glomeruli each day. H+ secreted into the tubules in exchange for Na+ 

from the tubular fluid (an energy dependent process mediated by Na+, H+-ATPase) 

combines with HCO3- to form CO2 and water. The CO2 diffuses into the tubular cells, 

where it is rehydrated to H2CO3 by carbonic anhydrase and dissociates to bicarbonate 

and H+. The HCO3 diffuses into the bloodstream, resulting in reclamation of bicarbonate.  

At higher levels, HCO3- appears in the distal tubule and may be excreted in urine. Under 

conditions of elevated Pco2, H+ secretion is more active, possibly owing to intracellular 

acidosis. In proximal renal tubular acidosis, HCO3 reabsorption is impaired and 
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saturation occurs at a lower concentration (about 16-18 mEq/L), so that plasma [HCO3-] 

is low while urine pH may be high because of the presence of HCO3-. 

 

15.8 SUMMARY: Water is the most abundant compound in the body (65-95% of body 

weight). Water has some unique properties and can serve as  

1. Powerful solvent for ionic and neutral molecules.  

2. Dissociation of macromolecules of the cell along with dilute salt solutions. 

3. Influence on the structural and functional components of the cell.  

4. Cooling of the body by evaporation of moisture in the lungs and from the skin. 

Body fluids: 

1. Extracellular fluids: Fluids 

outside the body cells 

(heterogenous) 

a) Plasma b) Interstitial and 

lymph fluid c) Dense 

connective tissue, cartilage 

and bone d) Trans cellular 

fluids: salivary glands, 

pancreas, liver, billiary tree, 

kidneys, CSF etc. 

2. Intracellular fluid: Fluid within the body cells (fairly constant in composition). 

Daily intake of water: 2500 ml /day (average) 

1. Water & other fluids - 1200-1500 ml.  

2. Foods - 770-1000 ml.  

3. Metabolic water - 200- 300 ml  

Routes of water loss:  

1. Skin (sensible & insensible perspiration) 

2. Lungs (water vapour in the expired air) 

3. Kidneys (urine) 

4. Intestine (feces) 
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Distribution of body water is affected by the osmotic forces that direct the water 

movement between body compartments. Factors that affect the production & control of 

osmotic forces are:  

1. Electrolytes : the most important substances 

2. Organic substances of large molecular weight & size (serum proteins): maintain 

the osmotic balance between circulating blood & the tissue spaces. 

3. Organic compounds of small molecular weight (glucose, urea, amino acids etc.): 

diffuse relatively free across cell membranes & not important. 

Electrolytes: The most important substances that influence the distribution and 

retention of body water. The most important osmotically effective electrolytes are 

Na+: main cation of extracellular fluid 

K+:  main cation of intracellular fluid 

 

 

15.9 KEY WORDS: Water, Body-Fluid Compartments, Sodium, Potassium, Kidney, CSF, 

Plasma, Acidosis, Alkalosis, Electrolytes 

 

 15.10 QUESTIONS FOR SELF STUDY: 

1. Explain distribution of water in the body 

2. Describe the water compartments  in human body 

3. Write a note on the following organs role in water balance in human body: a) Skin, 

b) Kidney, c) Lungs  
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4. Write about regulation of water loss in human body and the organs involved in 

water balance 

5. Write in detail about, a) Water electrolyte imbalance b) Acid-Base Balance 

6. Describe the role of Sodium, Potassium and Chlorine in water balance. 
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16.0 OBJECTIVE: After studying this unit systematically, you should be able to:  

 Define macro and micro nutrients. 

 Remember the sources, requirements, and functions of macro and micro 

nutrients. 

 Explain deficiency symptoms of macro and micro nutrients. 

  Understand the requirement of special nutrition for infants, children, and old 

age people. 

  Describe the special requirements of macro and micro nutrients during 

pregnancy & lactation. 

 

16.1 INTRODUCTION: Nutrients are chemicals that any living organism needs to 

continue their survival. Food is composed of a wide distribution of nutrients, which 

have very specific metabolic effects on the human body. Some of these nutrients are 

considered to be essential while others are considered to be non-essential. 

They help give us energy to perform daily functions, as well as fuel to build tissues and 

grow. Essential nutrients are nutrients that cannot be synthesized by the human body 

and therefore must be derived from food sources. Essential nutrients include vitamins, 

minerals, amino acids, fatty acids and carbohydrates. Non-essential nutrients are 

nutrients which the body has the ability to synthesis from other compounds, as well as, 

from food sources. The nutrients are also divided into two categories namely macro 

nutrients and micro nutrients. There are three primary macronutrients defined as being 

the classes of chemical compounds humans consume in the largest quantities and which 

provide bulk energy. These are protein, fat, and carbohydrate. Macronutrients can also 

refer to the chemical elements humans consume in the largest quantities. 

Micronutrients are nutrients required by humans and other organisms throughout life 

in small quantities to orchestrate a range of physiological functions. For people, they 

include dietary trace minerals in amounts generally less than 100 mg/day. The 

micronutrients/trace elements include iron, cobalt, chromium, copper, iodine, 

manganese, selenium, zinc and molybdenum etc. Micronutrients also include vitamins, 

which are organic compounds required as nutrients in tiny amounts by an organism. 

We have studied in detail about the functional requirements of vitamins and 

macronutrients in our previous units. Both vitamins and minerals are necessary to a 
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well-balanced diet. As a matter of fact, vitamins control your body's utilization of 

minerals. In addition, each vitamin seems to have a specific role to play in normal body 

function. On the other hand, if the mineral supply is deficient, there is little benefit from 

the vitamins, and vitamins are powerless without minerals. Thus it is essential that one 

receives the necessary amounts of both. 

This unit is dedicated to introduce the concept of micro nutrients and to discuss the 

importance of the micro nutrients especially the minerals to the students. In this unit 

we will learn in detail the importance of the minerals such as Iron, Calcium, Magnesium, 

Phosphorous, Zinc etc., for normal development and functioning of an individual. In 

addition we will understand the physiological processes where these minerals play role, 

how they are stored, where they are stored etc. Further, we also will know the richest 

sources and the deficiency diseases associated upon insufficient consumption of these 

minerals.  

 

16.2 CONCEPT OF MACRO AND MICRO NUTRIENTS: Macronutrients are substances 

that provide caloric value (calories) which are metabolized for energy. Macronutrients 

are called “macro” because we need them in large amounts and because they are large 

in molecular standards: -macro literally means large, or in its Greek understanding, 

“big” or “far”. Essentially, we need more of these large nutrients, making them ‘macro’. 

On the other hand, micronutrients are nutrients we need in smaller quantities: hence, -

micro, which is Greek for “small”. These are just as important as macronutrients in the 

sense that we need them, but the key difference lies in the sheer amount of the nutrients 

we need to digest. 

Why are Micronutrients important? 

Micronutrients, while in smaller quantities, are just as important as macro nutrients for 

healthy living. Micronutrients are vitamins and trace minerals. Vitamins and trace 

minerals are labelled as micronutrients because the body only requires them in very 

small amounts. We have already studied the importance of Vitamins and they “act as 

catalysts, substances that help to trigger other reactions in the body”.  

Trace minerals are inorganic substances that once ingested play a role in a “variety of 

metabolic processes, and contribute to the synthesis of glycogen, protein, and fats. 

When the body uses oxygen, it undergoes wear and tear. That wear and tear is a little 



Unit-16: Minerals: Macro and micro nutrients, special nutrition. 
 

KSOU-BC-1.3; Block-4: Unit-16 Page 267 
 

something we call aging, and it can be destructive to our health; you can think of this 

like biological rust. Micronutrients, which include vitamins and minerals – like Zinc, 

Magnesium, and Iron – help to safeguard our bodies. Let’s understand the role of each 

mineral individually. 

 

16.3 CALCIUM 

Calcium is the most abundant mineral and the fifth most plentiful substance in the body. 

The average adult contains from 2 to 3 pounds of calcium, of which 99 percent is found 

in the bones and teeth. The remaining 1 percent is found in the circulatory system and 

aids in regulating various body functions. The newborn’s skeleton contains about 30 

grams of calcium, most of which is deposited during the third trimester of pregnancy. 

Calcium, which is absorbed from the small intestine, requires the presence of vitamin D. 

 

Functions of Calcium: 

1. Calmodulin is a calcium binding regulatory protein which is identical to muscle 

protein Troponin C. Calcium binding leads to conformational change which cause 

activation of this enzymes. Calmodulin is a part of various regulatory kinases like 

glycerol-3- phosphate dehydrogenase, glycogen synthase, pyruvate kinase, etc. 

2. Calcium mediates excitation and contraction of muscle fibres. Calcium activates 

ATPase; increases reaction of actin, and myosin and facilitates excitation -concentration 

coupling. The inactive myosin kinase is made active by calcium ions. Calcium decreases 

neuromuscular irritability. 

3. Blood coagulation: Several reactions in the cascade of blood clotting process are 

dependent on Ca2+ (factor IV). 

4. Calcium is necessary for transmission of nerve impulses from pre-synaptic to post 

synaptic region.  

5. Calcium is used for bone and teeth formation. Bones also act as reservoir for calcium 

in the body. 

6. Secretion of hormones such as insulin, parathyroid hormone, calcitonin, vasopressin 

etc. from the endocrine cells is mediated by calcium. 

Deficiency: Osteoporosis is the most common and serious complication of inadequate 

calcium intake or absorption. As calcium intake diminishes, calcium is resorbed from 

bones, especially the spine and jaw, the first bones to show evidence of osteoporosis. 
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Vitamin D is essential for the utilization of calcium, and it may be prudent for women at 

highest risk, such as those older than 65 who are housebound, reside in nursing homes 

or live in areas where winters are long with minimal sun exposure. 

Low blood-calcium levels cause increased muscle sensitivity, resulting in muscle 

spasms, or tetany. Muscle cramps occur when blood-calcium levels are very low and are 

particularly more common during pregnancy.  

Recommended dietary allowances: Normal level of calcium in blood is 9-11mg/dl. 

Children 6 to 10 years require 800–1,200 mg/day. Adolescents and young adults 

require 1,200–1,500 mg/day (11 to 24 years) and Men need 500-1000 mg/day. Older 

women need more than 500-1000 mg/day. Pregnant or nursing women require 1,200–

1,500 mg/day. 

Sources of calcium: Milk is a good source for calcium. Milk products like curd, cheese 

serves as good source of calcium. Egg, fish and green vegetables are medium sources of 

calcium. 

 

16.4 PHOSPHORUS: Phosphorus is the second most abundant mineral in the body. It is 

a major component of bones and teeth 

Functions of Phosphorous:  

1. Inorganic phosphorus in the form of the phosphate (PO43−) is required for all known 

forms of life. Phosphorous plays a major role in biological molecules such as DNA and 

RNA where it forms part of the structural framework.  

2. Living cells also use phosphate to transport cellular energy in the form of adenosine 

triphosphate (ATP). Nearly every cellular process that uses energy obtains it in the form 

of ATP.  

3. ATP is also important for phosphorylation, a key regulatory event in cells.  

4. Phospholipids are the main structural components of all cellular membranes.  

5. Calcium phosphate salts assist in stiffening bones. Phosphorus aids in the structural 

component of bones and teeth.  

6. Phosphorus helps in activating many enzymes and B vitamins. It also plays a role in 

acid/base balance of the body. 

Recommended dietary allowances: Children require 800mg/day and adults require 

500-700mg/day. During pregnancy and lactation 1000-1200mg/day is required. 
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Dietary source: Milk is the rich source of Phosphorus. Cereals nuts and meat are the 

moderate sources. Absorption of phosphate is mainly from jejunum and calcitriol 

increases phosphate absorption. Serum level of Phosphate is 3-4mg/dl. 

Deficiency: Hypophosphatemia, which is a condition of low levels of soluble phosphate 

levels in the blood serum, and therefore inside cells. Symptoms of hypophosphatemia 

include muscle and neurological dysfunction, and disruption of muscle and blood cells 

due to lack of ATP.  

Too much phosphate can lead to diarrhoea and calcification (hardening) of organs and 

soft tissue, and can interfere with the body's ability to use iron, calcium, magnesium, 

and zinc.  

 

16.5 MAGNESIUM: Magnesium is a metallic element whose salts are essential nutrients 

and required for more than 300 enzymatic reactions that are necessary for normal cell 

function.   

Functions of Magnesium: 

 Magnesium functions in the conversion of carbohydrates, protein and fats to energy, 

and assists in the manufacture of proteins and genetic material with in cells. The central 

nervous system is dependent on magnesium for the transmission of impulses.  

 Muscles contract when calcium flows into muscle cells and relax when magnesium 

replaces calcium. Magnesium also aids in the removal of toxins such as ammonia from 

the body.  

 Metabolic reactions involving thiamine (vitamin B1) and biotin are dependent on 

magnesium.  

 Magnesium has a role in insulin sensitivity. Insulin dependent uptake of glucose is 

reduced in magnesium deficiency. Magnesium supplement improves glucose tolerance. 

Magnesium blood levels are regulated by the kidneys. 

Deficiency: Muscle tremors and spasms, depressed tendon reflexes, personality 

changes, anorexia, nausea and vomiting are signs of magnesium deficiency. Tetany, 

convulsions and coma may result if severe. The symptoms of hypercalcemia, or 

abnormally high levels of blood calcium, are similar to inadequate levels of magnesium. 

Low and high protein intake inhibit magnesium absorption, and other factors such 

as phosphate and fat affect absorption.  
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Food Sources: Although all unprocessed foods contain magnesium to varying degrees, 

richest concentrations are found in nuts, legumes, unmilled grains, green vegetables and 

bananas. Removing the germ and outer layers of cereal grains, results in an 80% loss of 

the mineral content. 

Recommended dietary allowances: The requirement is about 300-400mg/day for 

men and 300mg.day for women.   Infants need 30-60mg/day, children requires 100 

mg/day. During pregnancy 420mg/day is required and in lactation 300-400mg/day is 

required. 

Supplements: Magnesium supplementation may prevent the formation of oxalate 

kidney stones. The body seems to require a balance of calcium, magnesium and 

phosphorous. Therefore, some nutritionists advocate maintaining a ratio of two to one, 

calcium to magnesium when taking supplements.  

 

16.6 SODIUM: Sodium is the alkaline metallic element. Sodium is widely distributed in 

body. About 50% in bones, 40% in extracellular fluid and 10% in soft tissu 

Functions of Sodium:  

 Sodium is the chief cation of the extracellular body fluids and the primary regulator 

of body-fluid volume.  

 Sodium regulates the osmolarity, or concentration of body fluids, as well as their 

acid-base balance.  

 Sodium is involved in active transport across cell membranes and must be pumped 

out in exchange for potassium (called the “sodium pump”) in order to maintain a proper 

balance of fluids and other substances within body cells.  

Sodium homeostasis, or balance, is controlled primarily by the hormone aldosterone’s 

action on the tubules in the kidneys. Aldosterone levels increase when sodium levels are 

low and urinary levels are practically zero. The hormone is decreased when sodium 

levels are excessive, increasing the excretion of sodium in the urine. Despite the 

kidneys’ ability to conserve sodium, some of this electrolyte is lost in sweat and faecal 

waste. 

Sodium (and chloride) deficiency does not generally result from inadequate dietary 

intake, even in those on very low-salt diets. 

Hyponatremia: Hyponatremia, defined as a serum sodium concentration of less than 

136 mmol/liter, may result from increased fluid retention (dilutional hyponatremia) or 
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increased sodium loss. Dilutional hyponatremia may be due to inappropriate anti-

diuretic hormone (ADH) secretion, which is associated with disorders affecting 

the central nervous system and with use of certain drugs. In some cases, excessive 

water intake may also lead to dilutional hyponatremia. Conditions that increase the loss 

of sodium and chloride include severe or prolonged vomiting or diarrhea, excessive and 

persistent sweating, the use of some diuretics, and some forms of kidney disease. 

Symptoms of hyponatremia include headache, nausea, vomiting, muscle cramps, fatigue, 

disorientation, and fainting. Complications of severe and rapidly developing 

hyponatremia may include cerebral edema (swelling of the brain), seizures, coma, and 

brain damage. Acute or severe hyponatremia may be fatal without prompt and 

appropriate medical treatment 

Daily requirements:  Infants- 0.10-0.40 g/day, Children-1-4 g/day, Adults- 1- 4 g/day, 

Pregnancy and Lactation- 1.5-4g/day. 

Food sources: Table salt is the richest source of sodium. Some of the vegetables like 

spinach, carrots cauliflower radish, garlic has moderate amount of sodium. 

 

16.7 POTASSIUM: Potassium is the principal cation (ion carrying a positive charge) of 

muscle and most other cells. Adult bodies contain about 250 grams of potassium. 

Functions of Potassium: 

It is essential in maintaining the fluid balance in our cells and is required for all cell 

reactions. Most of the potassium is concentrated in cells at a concentration more than 

30 times greater than in the plasma and interstitial fluid. Potassium is needed in the 

conversion of glucose into glycogen for storage, for the transmission of nerve impulses, 

for skeletal muscle contraction and the function of hormones. Potassium may also play 

an important role in maintaining normal blood pressure. 

Deficiency: An abnormally low plasma potassium concentration is referred to as 

hypokalemia. Hypokalemia is most commonly a result of excessive loss of potassium, 

e.g., from prolonged vomiting, the use of some diuretics, some forms of kidney disease, 

or metabolic disturbances. The symptoms of hypokalemia are related to alterations 

in membrane potential and cellular metabolism. They include fatigue, muscle weakness 

and cramps, and intestinal paralysis, which may lead to bloating, constipation, and 

abdominal pain. Severe hypokalemia may result in muscular paralysis or abnormal 

heart rhythms (cardiac arrhythmias) that can be fatal.  
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Daily requirements: Infants-400-700mg/day, Children-3000-4500mg/day, Adults- 

4,700 mg/day, Pregnancy- 4700mg/day, Lactation- 5000mg/day. 

Dietary source: Many dairy products, except for cheese; meats; poultry; fish; legumes; 

fruits; vegetables; and whole grains are rich in potassium. Although bananas, oranges 

and tomatoes are reputed to contain large quantities of potassium, ingesting them is not 

an efficient method of maintaining adequate potassium levels in the body. 

 

16.8 SULPHUR:  Non-metallic element found in all body tissues especially those high in 

protein content. Sulphur is a constituent of the amino acids cystine, cysteine and 

methionine, building blocks of protein. It is also found in the B-complex vitamins 

thiamine, pantothenic acid and biotin. 

Functions of Sulphur: 

 Sulphur containing amino acids are important constituents of body proteins. The 

disulfide bridges keep polypeptide chain together, e.g. insulin. Keratin is rich in sulphur 

and is present in hair and nail. Many enzymes contain -SH groups at the active site, e.g. 

thiamine, lipoic acid. Sulphates are important in detoxification mechanisms, e.g. 

production of indoxyl sulphate. 

Daily requirement: Daily intake is usually 800 to 900 milligrams of sulphur per day. 

Dietary sources: As part of four amino acids, sulphur is readily available in protein 

foods. Meats, fish, poultry, eggs, milk, and legumes are all good sources. Egg yolks are 

one of the better sources of sulphur. Other foods that contain this somewhat smelly 

mineral are onions, garlic, cabbage, Brussels sprouts, and turnips. Nuts have some, as do 

kale, lettuce, kelp and other seaweed, and raspberries.  

Deficiency: A sulphur deficiency is unknown. Dietary protein supplies adequate 

sulphur. 

 

16.9 IRON: As much as 30 percent of iron is stored in the spleen, liver and bone marrow 

as ferritin and hemosiderin. 

Recommended Daily allowances: Infants-0.27mg/day, Children-7-10mg/day, Adults - 

10-20 mg/day, Pregnancy- 27mg/day, Lactation- 10mg/day. 

Function of Iron: 

Oxygen transport and storage: Heme is an iron-containing compound found in a 

number of biologically important molecules. Hemoglobin and myoglobin are heme-
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containing proteins that are involved in the transport and storage of oxygen. 

Hemoglobin is the primary protein found in red blood cells and represents about two 

thirds of the body's iron. The vital role of hemoglobin in transporting oxygen from the 

lungs to the rest of the body is derived from its unique ability to acquire oxygen rapidly 

during the short time it spends in contact with the lungs and to release oxygen as 

needed during its circulation through the tissues. Myoglobin functions in the transport 

and short-term storage of oxygen in muscle cells, helping to match the supply of oxygen 

to the demand of working muscles. 

Electron transport and energy metabolism: Cytochromes are heme-containing 

compounds that have important roles in mitochondrial electron transport; therefore, 

cytochromes are critical to cellular energy production and thus life. They serve as 

electron carriers during the synthesis of ATP, the primary energy storage compound in 

cells. Cytochrome P450 is a family of enzymes that functions in the metabolism of a 

number of important biological molecules, as well as the detoxification and metabolism 

of drugs and pollutants. Nonheme iron-containing enzymes, such as NADH 

dehydrogenase and succinate dehydrogenase, are also critical to energy metabolism.  

Antioxidant and beneficial pro-oxidant functions: Catalase and peroxidases are 

heme-containing enzymes that protect cells against the accumulation of hydrogen 

peroxide, a potentially damaging reactive oxygen species (ROS), by catalyzing a reaction 

that converts hydrogen peroxide to water and oxygen. As part of the immune response, 

some white blood cells engulf bacteria and expose them to ROS in order to kill them. 

The synthesis of one such ROS, hypochlorous acid, by neutrophils is catalyzed by the 

heme-containing enzyme myeloperoxidase. 

DNA synthesis: Ribonucleotide reductase is an iron-dependent enzyme that is required 

for DNA synthesis  

Deficiency: Iron deficiency is the most common nutrient deficiency in the world. Three 

levels of iron deficiency are generally identified and are listed below from least to most 

severe. 

Storage iron depletion: Iron stores are depleted, but the functional iron supply is not 

limited. 

Early functional iron deficiency: The supply of functional iron is low enough to impair 

red blood cell formation but not low enough to cause measurable anemia.  
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Iron-deficiency anemia: Iron-deficiency anemia results when there is inadequate iron 

to support normal red blood cell formation. The anemia of iron deficiency is 

characterized as microcytic and hypochromic, meaning red blood cells are measurably 

smaller than normal and their hemoglobin content is decreased Low red cell count, 

low hematocrit, and low hemoglobin concentrations are all used in the clinical diagnosis 

of iron-deficiency anemia. 

Symptoms of iron deficiency: Most of the symptoms of iron deficiency are a result of 

the associated anemia and may include fatigue, rapid heart rate, palpitations, and rapid 

breathing on exertion. When body hemoglobin is lower than 10gm/dl, body cells lack 

oxygen patient lose interest in surroundings. In iron-deficiency anemia, the 

reduced hemoglobin content of red blood cells results in decreased oxygen delivery to 

active tissues.  

Decreased myoglobin levels in muscle cells limit the amount of oxygen that can be 

delivered to mitochondria for oxidative metabolism. Iron depletion also decreases the 

oxidative capacity of muscle by diminishing the mitochondrial content of cytochromes 

and other iron-dependent enzymes required for electron transport and ATP synthesis.  

Lactic acid production is also increased in iron deficiency.  

The ability to maintain a normal body temperature on exposure to cold is also impaired 

in iron-deficient individuals.  

Severe iron-deficiency anemia may result in brittle and spoon-shaped nails, sores at the 

corners of the mouth, taste bud atrophy, and a sore tongue.  

Dietary sources: Iron containing food stuffs are leafy vegetables, pulses, cereals, liver 

and meat. Jaggery is a good source of iron. Milk is a very poor source of iron. 

 

16.10 COPPER: Copper is seen in muscles, liver, bone marrow, brain, kidney, heart and 

in hair. Copper containing enzymes are ceruloplasmin, cytochrome oxidase, cytochrome 

C, tyrosinase etc. are called cuproenzymes. 

Functions of Copper: 

Central nervous system: A number of reactions essential to normal function of the 

brain and nervous system are catalyzed by cuproenzymes. 

Energy production: The copper-dependent enzyme, cytochrome c oxidase, plays a 

critical role in cellular energy production. By catalyzing the reduction of molecular 
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oxygen (O2) to water (H2O), cytochrome C oxidase generates an electrical gradient used 

by the mitochondria to create the vital energy-storing molecule, ATP. 

Melanin formation: The cuproenzyme, tyrosinase, is required for the formation of the 

pigment melanin. Melanin is formed in cells called melanocytes and plays a role in the 

pigmentation of the hair, skin, and eyes. 

Iron metabolism: Two copper-containing enzymes, ceruloplasmin (ferroxidase I) and 

ferroxidase II have the capacity to oxidize ferrous iron (Fe2+) to ferric iron (Fe3+), the 

form of iron that can be loaded onto the protein transferrin for transport to the site of 

red blood cell formation. 

Deficiency: What are the signs and symptoms of copper deficiency?  

Since copper is important for producing ceruloplasmin, the protein that transports iron 

in the bloodstream, some of the symptoms of copper deficiency come from a lack of 

available iron. The most common is anemia, or a low red blood cell count. Copper 

deficiency can also cause a decrease in white blood cell numbers, which can affect 

immunity to infection. Lack of copper also affects the central nervous system and spinal 

cord and can mimic the symptoms of B12 deficiency. 

Recommended daily allowances: Infants-200μg/day, Children-500 -800μg/day, For 

adults 19 years and older: 900μg daily, For pregnant women: 1,000μg daily. For 

breastfeeding women: 1,300µg/daily. 

Dietary sources: Copper is found in a wide variety of foods and is most plentiful in 

organ meats, shellfish, nuts, and seeds. Wheat bran cereals and whole- grain products 

are also good sources of copper. Milk is very poor in copper content. 

 

16.11 IODINE: Iodine, a non-metallic trace element, is required by humans for the 

synthesis of thyroid hormones 

Functions of Iodine: Iodine is an essential component of the thyroid hormones, 

triiodothyronine (T3) and thyroxine (T4), and is therefore essential for normal thyroid 

function. To meet the body's demand for thyroid hormones, the thyroid gland traps 

iodine from the blood and incorporates it into thyroid hormones that are stored and 

released into the circulation when needed. 

Deficiency: The spectrum of iodine deficiency disorders (IDD) includes mental 

retardation, hypothyroidism, goiter, and varying degrees of other growth and 

developmental abnormalities. 
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Goiter- A low amount of thyroxin (one of the two thyroid hormones) in the blood, due 

to lack of dietary iodine to make it, gives rise to high levels of thyroid stimulating 

hormone (TSH), which stimulates the thyroid gland to increase many biochemical 

processes; the cellular growth and proliferation can result in the characteristic swelling 

or hyperplasia of the thyroid gland, or goiter. 

Daily allowances: Infants-100-130μg/day, Children-90-100μg/day, Adults-   

150μg/day, Pregnency-220μg/day, Lactations- 290μg/day. 

Dietary sources: Seafood is rich in iodine because marine animals can concentrate the 

iodine from seawater. Certain types of seaweed (e.g., wakame) and processed foods may 

contain slightly higher levels of iodine due to the addition of iodized salt or food 

additives. 

16.12 MANGANESE: Manganese is a mineral element that is both nutritionally essential 

and potentially toxic. 

Functions of Manganese: 

Antioxidant function: Manganese superoxide dismutase (MnSOD) is the 

principal antioxidant enzyme in the mitochondria. MnSOD catalyzes the conversion of 

superoxide radicals to hydrogen peroxide, which can be reduced to water by other 

antioxidant enzymes. 

Metabolism: A number of manganese-activated enzymes play important roles in the 

metabolism of carbohydrates, amino acids, and cholesterol. Pyruvate carboxylase, a 

manganese-containing enzyme, and phosphoenolpyruvate carboxykinase, a manganese-

activated enzyme, are critical in gluconeogenesis, the production of glucose from non-

carbohydrate precursors. 

Deficiency: Deficiency manifestation includes impaired growth and skeletal 

deformities.  

Daily requirements: Infants-0.003mg/day, Children-1.2-1.5 mg/day, Adults-1.8-2.3 

mg/day, Pregnancy-2 mg/day, Lactation-2.6 mg/day. 

Sources: Rich sources of manganese include whole grains, nuts and leafy vegetables. 

 

16.13 ZINC:  Concentrations of zinc are seen in muscle, pancreas, leucocytes, nail and 

hair.  

Sources: Grains, beans, nuts, cheese, meat, and shellfish. 
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Functions of Zinc: On the cellular level, the function of zinc can be divided into three 

categories: 1) catalytic, 2) structural, and 3) regulatory. 

Catalytic role: Nearly 300 different enzymes depend on zinc for their ability 

to catalyze vital chemical reactions like carboxy- peptidase, carbonic anhydrase. 

Structural role: Zinc plays an important role in the structure of proteins and cell 

membranes. A finger-like structure, known as a zinc finger motif, stabilizes the structure 

of a number of proteins. 

Regulatory role: Zinc finger proteins have been found to regulate gene expression by 

acting as transcription factors (binding to DNA and influencing the transcription of 

specific genes) 

Deficiency: Deficiency manifestation includes poor wound healing, lesions of skin, 

impaired taste sensation 

Daily requirements: Infants- 2mg/day, Children- 5-8mg/day, Adults- 11mg/day, 

Pregnancy- 12mg/day, Lactation- 13-15mg/day. 

 

16.14 MOLYBDENUM: Molybdenum is an essential trace element for virtually all life 

forms 

Function: In humans, molybdenum is known to function as a cofactor for three 

enzymes: 

 Sulphite oxidase catalyzes the transformation of sulphite to sulphate, a reaction that 

is necessary for the metabolism of sulphur-containing amino acids (methionine and 

cysteine). 

 Xanthine oxidase catalyzes the breakdown of nucleotides (precursors 

to DNA and RNA) to form uric acid, which contributes to 

the plasma antioxidant capacity of the blood. 

 Aldehyde oxidase and xanthine oxidase catalyze hydroxylationreactions that 

involve a number of different molecules with similar chemical structures. Xanthine 

oxidase and aldehyde oxidase also play a role in the metabolism of drugs and toxins. 

Deficiency:  Deficiency of the enzymes which requires molybdenum as a cofactor will 

lead to neurological deficit, mental retardation, ectopia lentis, and death in childhood. 

Daily requirements: Infants- 2-3μg/day, Children- 20-30μg/day, Adults- 40μg/day, 

Pregnency and lactation- 50μg/day 
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Sources: Legumes, such as beans, lentils, and peas, are the richest sources of 

molybdenum. Grain products and nuts are considered good sources, while animal 

products, fruits, and many vegetables are generally low in molybdenum.  

 

16.15 NICKEL: Ni–Fe containing enzymes are involved in the biological utilization of 

carbon monoxide, carbon dioxide, and hydrogen 

Function: Nickel containing enzymes are urease and methyl coenzyme reductase. 

Nickel inhibits acid phosphatase and this property is used in differentiation from 

nucleoside phosphatase.  

Daily requirements: Requirement of nickel is 500ug/day.  

Sources: Nickel is found in several foods including nuts, dried beans and peas, 

soybeans, grains, and chocolate. 

 

16.16 CHROMIUM:   The two most common forms of chromium are trivalent chromium 

(III) and hexavalent chromium (VI). It is a strong irritant and is recognized as 

a carcinogen when inhaled. 

Function: A biologically active form of chromium participates in glucose metabolism by 

enhancing the effects of insulin. The efficiency of binding of insulin to its receptors on 

peripheral cells is improved by chromium. 

Deficiency: Chromium deficiency will develop abnormal glucose utilization and 

increased insulin requirements. 

Daily requirements: Infants- 1μg/day, Children- 11μg/day, Adults-20-30μg/day, 

Pregnency-30μg/day, Lactation- 40μg/day.  

Sources: Processed meats, whole grain products, ready-to-eat bran cereals, green 

beans, broccoli, and spices are relatively rich in chromium. 

16.17 FLUORIDE:  Fluorine occurs naturally as the negatively charged ion, 

fluoride (F-). Function: Fluoride's high chemical reactivity and small radius 

allow it to either displace the larger hydroxyl (-OH) ion in the hydroxyapatite 

crystal, forming fluoroapatite, or to increase crystal density by entering spaces 

within the hydroxyapatite crystal. Fluoroapatite hardens tooth enamel and 

stabilizes bone mineral. Has been found to decrease the dental cavities in 

children and adults. 
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Deficiency: In humans, the only clear effect of inadequate fluoride intake is an 

increased risk of dental caries (tooth decay) for individuals of all ages.  

Daily requirements: Infants- 0.1-0.5mg/day, Children- 0.7-1mg/day, Adults, 

pregnency, lactation- 3mg/day.  

Sources: sea fish, cheese, tea and jowar.  

16.18 SELENIUM: Selenium is a trace element that is essential in small amounts, but 

like all essential elements, it is toxic at high levels. 

Function: In mammals Gluthaione peroxidase is the important selenium containing 

enzymes. It is an antioxidant enzyme that reduces potentially damaging reactive oxygen 

species (ROS), such as hydrogen peroxide and lipid hydroperoxides, to harmless 

products like water and alcohols. 

Thioredoxin reductase: In conjunction with the compound thioredoxin, thioredoxin 

reductase participates in the regeneration of several antioxidants.  

Deficiency: In Selenium deficiency the enzyme thyroxin becomes inactive, leading to 

hypothyroidism. Keshan disease is a cardiomyopathy that affects young women and 

children in a selenium-deficient region of China. The acute form of the disease is 

characterized by the sudden onset of cardiac insufficiency, while the chronic form 

results in moderate to severe heart enlargement with varying degrees of cardiac 

insufficiency.  

Daily requirements: 50-100μg/day. 

Dietary sources: The richest food sources of selenium are organ meats and seafood. 

Grains and other seeds are dependent on the soil for selenium content. 

 

16.19 LITHIUM: It is essential for growth factors. Lithium appears to be multifactorial 

and is inter-correlated with the functions of several enzymes, hormones and vitamins, 

as well as with growth and transforming factors. 

Dietary sources: primary food sources are grains and vegetables; in some areas, the 

drinking water also provides significant amounts of the element. Requirement for an 

adult is around 500µg/day. 

Deficiency:  lithium deficiency can lead to mood disorders. 
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16.20 SUMMARY: 

 

Summary of major characteristics of principal elements (macro-elements) 

Element 
 

Major 
functions 

Deficiency 
disease/symptoms 

Major source 

Calcium 
 

Constituent of bones and 
teeth: muscle contraction. 
nerve transmission 

Rickets: 
Osteomalacia. 
osteoporosis 

Milk and milk 
products, leafy 
vegetables, beans 

Phosphorus Constituent of bones and 
teeth; in the formation of 
high energy phosphates, 
nucleic acids, nucleotide 
coenzymes 

Rickets, Osteomalacia Milk, cereals, 
leafy vegetables 

Magnesium Constituent of bones and 
teeth; cofactor for enzyme 
e.g. kinases.  

Neuromuscular 
weakness, irritation 

Cereals, 
vegetables, 
fruits, milk 

Sodium Chief cation of extracellular 
fluids: acid-base balance. 
Osmotic pressure; nerve and 
muscle function 

Almost unknown on 
Normal die 

Table salt, salt 
added food 

Potassium Chief cation of intracellular 
fluids: acid-base balance: 
osmotic pressure; muscle 
function 

Muscular weakness, 
Mental confusion 

Fruits, nuts, 
vegetables 

Chlorine Regulation of acid-base 
balance; formation of HCl 

Almost unknown on 
Normal die 

Table salt 

Sulfur Constituent of sulphur 
containing amino acids, 
certain 
Vitamins (thiamine, biotin) 
and other compounds 
(heparin, chondroitin 
sulphate) 

Almost unknown Sulfur 
containing 
amino acids 
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Summary of major characteristics of trace elements (microelements) 

Element 
 

Major 
functions 

Deficiency 
disease/symptoms 

Major source 

Iron 
 

Constituent of heme e.g. 
hemoglobin, myoglobin, 
cytochromes; involved in 02 
transport and biological 
oxidation 

Hypochromic, 
microcytic anemia 

Organ meats 
(liver, heart), 
Leafy 
vegetables, iron 
cookware 

Copper Constituent of enzymes 
e.g. cytochrome C oxidase, 
catalase, tyrosinase; in iron 
transport 

Anemia, Menke's 
disease 

Organ meats 
cereals, leafy 
vegetables 

Iodine Constituent of thyroxine 
and 
triiodothyronine 

Cretinism, goiter, 
myxedema 

Lodized salt, 
sea food 

Manganese Cofactor for enzymes e.g. 
arginase, pyruvate 
carborylase; 
Glycoprotein synthesis 

Almost unknown  
 

Cereals, leafy 
vegetables 

Zinc Cofactor for enzymes e.g. 
alcohol dehydrogenase, 
Carbonic anhydrase, 
lactate dehydrogenase 

Growth retardation, 
poor wound healing, 
hypogonadism 

Meat, fish, milk 

Molybdenum Constituent of enzyme 
e.g. xanthine oxidase 

Almost unknown  Vegetables 

Cobalt Constituent of vitamin B12, 
required for the formation 
of erythrocytes 

Pernicious Anemia 
(as in vitamin B12 
deficiency 

Foods of animal 
origin 

Fluorine Helps in the proper 
formation 
of bones and teeth 

Dental caries, 
osteoporosis 
 

Drinking water 

Selenium Involved in antioxidant 
Function along with vitamin 
E; constituent of glutathione 
Peroxidise and 
selenocysteine 

Muscular 
degeneration, 
cardiomyopathy 

Organ meat, sea 
foods 

Chromium Promotes insulin function 
(as glucose tolerance factor) 

Impaired glucose 
tolerance 

Brewer's 
yeast, 
meat, 
whole grains 
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16.21 KEY WORDS: Macro-nutrients, Micro-nutrients, Calcium, Phosphorus, 

Magnesium, Sodium, Potassium Sulphur, Iron, Copper, Iodine, Manganese, Zinc, 

Molybdenum, Nickel, Chromium, Fluoride, Selenium, Lithium 

 

16.22 QUESTIONS FOR SELF STUDY: 

1. What are the function and deficiency of calcium? 

2. What are the sources of Phosphorus? 

3. What is the function of Sodium? 

4. How much of Iron is required daily for a) children b) Adults, c) Pregnant and lactating 

women? 

5. How does copper help in energy production? 

6. Explain the disease caused by deficiency of Iodine? 

7.  What are the functions of molybdenum? 

8. Write in detail about: a) Calcium b) Iron c) Phosphorous d) Sodium 

 

16.23 FURTHER REFERENCES: 

1) Text book of biochemistry-White, Handler and Smith. 

2) Text book of Medical Physiology - Arthur C. Guyton, John E. Hall, 9th Ed.  

3) Text book of Physiology- Chatterjee 

4) Essentials of Food and Nutrition- Swaminathan M. 

5) A text book of biochemistry- A.V.S.S. Rama Rao- UBS Publishers. 

6) Biochemistry- U. Satyanarayana and U. Chakrapani. 

 


