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CHAPTER' 1

Human Physiology

ANIMAL CELL

The cell can be defined as the unit of structure and function
of a living body. There is no typical shape for the animal cell.
Its size and shape vary considerably.. "

All cells ‘are composed of a living substance called protoplasm.
The protoplasm of each cell is bounded by a membrane called
the plasma membrane. This is very thin, less than ten thousandth
of a millimetre in thickness, and can be seen only under very high
magnification. It controls the movement of substances passing
into or out of the . cell and is unique in that it allows certain sub-
stances to pass through freely but prevents or restricts the flow of
others. Such a membrane is said to be selectively permeable. The
selectivity of the cell membrane is lost when the cell dies.
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7. Nucleus 8. Mitochondria. '
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The protoplasm consists of two very well defined parts—the
cytoplasm and the nucleus. The cytoplasm is a translucent,
watery or jelly-like material containing salts, fats, sugars, proteins
and many other substances. It can sometimes be seen streaming
about in the cell. The nucleus is a denser ‘spherical ' body
placed somewhere in the cytoplasm. It is also bounded by
a delicate covering called the .nuclear membrane. Within the
nucleus there is a still denser structure, the nucleolus. The special
substance constituting’ the nucleus is chromatin. This occurs in
the form of long, thread like structures called the chromosomes.
These threads usually occur as a confused network but, when
the cell begins to divide, they can be traced as individuals. Every
type. of organism has a characteristic number of chromosomes in
its cells. There are 46 chromosomes (23 pairs) in man.

The chromosomes bear many extremely mirute particles,
the genes, which control the characteristic form and growth of the
organism. In other words, they are the carriers of hereditary
characteristics. The nucleus controls and directs the work of the
cell. Although the nucleus has.a key role in the life of a cell, this
does not mean that the rest of the cell (cytoplasm etc) is unimpor-

- tant.. Because of the presence of the genes inside it the nucleus
is the control centre of the cell functions, while the cytoplasm is
the executive centre. The nucleus cannot exist without the cyto-
plasm just as the cytoplasm cannot exist without the nucleus.

Electron microscope studies have shown that the structure -
of the cell is exceedingly complex. For example, a fine network
called the endoplasmic reticulum extends throughout the cytoplasm
and forms a sort of ‘Skeleton’ for the cell. The cytoplasm, which
appears to be a homogeneous fluid mass under an ordinary micro-
scope, also contains many other concrete constituents.

All cells contain hundreds of extremely small bodies called
mitochondria. They are in the form of granules, -globules, rod
or threads. The mitochondria are the seat of breakdown of
food materials in the cells resulting in the release of energy during
respiration. )

In most cells there also exist numerous cup-shaped = structures
called golgi bodies or golgi apparatus, named after their discoverer



Golgi. The function of these bodies is not known with certainty
but some biologists think that they are concentrated with the
process of secretion. Secretion means formatlon and giving out
ofa substance by the cell.

‘Some other extremely small particles called the microsomes
or ribosomes are also present in the cytoplasm. These are impor-
tant because protein synthesis takes place on their surface.

In the cytoplasm one may also find one or more small bailoon-
like spaces filled with a watery, non-cytoplasmic fluid. These
areas are called vacuoles. The watery fluid of the vacuoles is
called cell sap and is separated from the general cytoplasm by a
delicate ‘membrane, the tonoplast.

. Cell Division

All cells grow and attain a maximum size. When they reach
- amaximum size they divide into two. Cell division is mainly of
three kinds namely amitosis, mitosis and meiosis. - :

Amitosis ‘ _
Anmitosis is the simplest kind of cell division. In this kind of
- cell division the cell directly divides into two. - Therefore it is.
known as direct cell division. The nucleus first elongates and
divides directly into two. This is followed by the division of the
cytoplasm. Amitosis takes place in certain unicellular animals
and in the diseased parts of the animal body.

"Mitosis

Mitosis takes place in the somatic parts of the animal body.
Therefore it is also known as somatic division. In this kind of
cell division the nucleus undergoes several changes and divides
into two. Therefore it is known as indirect cell division. It
involves two main processes namely karyokmems and cytokinesis.
During karyokmesxs the nucleus divides into two daughter nuclei.
During cytokinesis the cytoplasm divides into two by a construction
between the two daughter nuclei, resulting in the formation of
two daughter cells.
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Mitosis takes place in four stages namely prophase, metaphase,
anaphase and telophase.

() Prophase: The cell becomes turgid and spherical. The
central body or centrosome divides into two bits. Radiating fibres
appear around each bit. They are called astral rays. Each bit
of the centrosome with the surrounding astral rays is called
an aster. One aster remains stationary. The other moves to
the opposite pole of the cell. In the meantime the chromatin
reticulum splits into definite number of bits called chromosomes.
Each chromosome splits lengthwise into two daughter chromosomes
called chromatids. Then the chromosomes become shorter and
thicker. Cytoplasmic fibres appear in between the asters forming
spindle. In the meantime the nuclear membrane and the nucleoli
dlsappear

(ii) Metaphase : The chromosomes arrange themselves in
the centre of the cell at equal distances from the two asters.
The chromatids are clearly seen. They are attached to the
cytoplasmic threads of the spindle.

(iii) Anaphase : The cytoplasmic threads contract and in
each chromosome one chromatid moves towards one aster and
the other towards the other aster.

(iv) Telophase: The chromatids which have reached the
poles are reconstituted to form the chromatin reticulum. Nuclear
membrane and nucleoli appear. Thus two daughter nuclei are
formed, one in each pole of the cell. The spindle disappears.

Cytokinesis : A construction appears in the equatorial
region in between the two daughter nuclei. It is at right angles
-to the spindle. It grows deep and divides the cytoplasm into two.
Thus two daughter cells each with one nucleus are formed. The
aster forms the centrosome ‘of each daughter cell.

Significance : In mitosis.the nuclear material of the mother
cell is equally divided both qualitatively and quantitatively
and distributed to the daughter cells, so much so the number of
chromosomes in the daughter cels is exactly the same as the
number in the mother cell.



3. Meiosis \

During meiosis the cell divides twice producing four daughter
cells, each with haploid number of chromosomes. In the first
division the diploid number of chromosomes is reduced to haploid
number. The second division is similar to mitosis so that the
resulting daughter cells have the same haploid number.

Like mitosis it consists of four stages namely prophase, meta-
phase, anaphase and telophase.

(i) Prophase : Unlike the prophase of the mitotic division
it is much prolonged and complicated. It is divided into five
substages namely leptotene, zygotene, pachytene, diplotene and
diakinesis. \ ;

(a) Leptotene: The centrosome splits into two and the asters
are formed as in mitosis. Then one of the asters moves apart
towards the opposite pole of the cell. The chromatin reticulum
splits into definite number of chromosomes. The chromosomes
are long and thin. They appear chainlike with beads of
chromosomes. They are arranged like a boquet.

(b) Zygotene: We have already studied that the chromosomes
are always in pairs. Each pair of chromosomes has the same
size, shape and quality, of them one has come from the male
parent. Such identical chromosomes are called homologous
chromosomes. They now pair due to a force of attraction
between them. The pairing of homologous chromosomes is called
synapsis, and each pair is called a bivalent.

(¢) Pachytene : The chromosomes become short and
thick. Each one divides into two chromatids. However,
the centromere does not divide. Thus each bivalent has four
chromatids and is now called a tetravalent.

(d) Diplotene : The force of attraction between the
homologous chromosomes now ends. Instead there is now a force
of repulsion. However they do not separate completely but are
attached at certain points. These points appear like letter ‘X’ and
are called chiasmats. At these chiasmata an exchange of similar
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_parts of the chromatids of the homologous chromosomes takes
place. This is known as crossing over.

(e Diakinesis The chlasmata dlsappear and the homo-
logous chromosomes separate They  are now much shorter and.
thicker than before and are scattered throughout the nucleus;
In the meantime the nuclear membrane and the nucleolus
disappear. The spindle appears in between the two asters. -

(i) Metaphase : The chromosomes arrange themselves in the
centre of the cell equidistant from the two asters::' The spindle
fibres attach themselves to the centtomeres of the chromosomes. -

(iii) Anaphase: During anaphase the spindle fibres contract.
In each pair of homologous chromosomes one chromosome moves
towards one aster and the other towards the other aster.

(iv) Telophase : The chromosomes. which have reached
each pole are organised into a.daughter  nucleus. Nuclear
membrane and nucleoli appear, spindleé disappears. The
ytoplasm now divides into two. Thus two daughter cells each
with haploid number of chromosomes are formed.

Meiotic Division
The second meiotic division takes place in each of the two
~ daughter cells produced by the meiotic division. This is

similar to mitosis and it also consists of four stages namely,
prophase, metaphase, anaphase and telophase.

(i) . Prophase: ‘The chromosomes become distinct. Each
_ chromosome has two chromatids which are held together by the

centromere. Nuclear membrane and the nucleoli disappear. Asters
and spindle are formed.

(i) Metaphase: The = chromosomes - arrange themselves
in a new equatorial plane at right angles to the original
equatorial plane. The chromatids of each chromosome separate
by the divisien. of the centromere: - ) o7



(i) Anaphase: One chromatid in each chromosome: moves
towards one pole and the other towards the other -pole by the
contraction of the spindle fibres.

(iv) Telophase: The chromatids in each pole are
reconstituted to form the chromatin reticulum. Nuclear membrane
and the nucleoli appear. Spindle disappears. This is followed by
the division of the cytoplasm into two. As each of the daughter
cells produced by the meiotic division has divided into two,
altogether four daughter cells are formed each with haploid
number- of chromosomes.

Differences between Mitosis and Meiosis 4
Mitosis Meiosis

1. Takes place in the somatic parts  Takes place in the repro-
of the body. ductive parts of the body.

2. The cell divides only once, so - The cell divides twice so
that two daughter cells are  that four daughter cells are
formed. formed. N

3. Daughter cells get the same " Daughter cells get only
number of chromosomes of the halfthe number of chromo-
mother cell. somes of the mother cell. -

4. Prophase is short and simple. Prophase of the meiotic
: i division is a complicated
process involving a number

N

of subphases.
- 5. Homologous chromosomes do Homologous chromosomes
not pair. ~ pair.
6. There is no exchange of the There is an exchange of the
similar parts of the chromatids. similar parts of the chro-

matids of the homologous
<chromosomes. Savs oE ol



7. Centromere divides during’ . Centromere does not divide
- metaphase so that each ’ during the metaphase so
chromosome is completely that the chromosome is not
split into two chromatids. . completely split into two

" chromatids.

8. During anaphase, one chromatid Dufing anaphase of the

of each chromosome moves meiotic division full chro-
towards one pole and the other mosomes of a homologous
towards the other pole.  pair move to-opposite poles.

Formation of Tissue, Organ and System

The cells in the body of the multicellular animals vary in
structure and function. It is seen that one variety of cell performs
one kind of work and constitutes one type of tissue. So a tissue
may be defined as an aggregate of same type of cells combined
by subserving the same general function independently and united
by varying amounts of inter cellular substance. An organ is
a group of more commonly two or more tissues which basically
function independently in some instances in particular patterns to
form larger functional umits. e. g., blood vessels, kidney, skin,
" glands etc. When several organs function inter relatdely they form
organ system. e.g. respiratory system comprising the nose, larynx,
trachea and lungs, urinary system comprising kidney, urethra
and ureters. This arrangement, based upon the,p'rinciple of divi-
sion of labour is an essential requirement for co-ordinated
living. One group of cells is set apart for one function and will
specialise for the job. During the initial stages of embryological
development the cells are all similar. As development proceeds
one group of cells takes up one particular work and in order to-
perform the work in the best possible way it undergoes the
necessary change in structure and mode of life. The process of
adoptation of a cell for the purpose of doing a particular function
is called differentiation or specialisation. The fertilised ovum divides
first into two cells, these again into two more and so on until a large
mass of embryonic cells are formed. The first few cells are believed
to be potent which means that, each one 6f them has got potency
of creating a total individual. The first evidence of differentiation
is found in this eellular mass, where the cells become arranged
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in three distinct layers, known as the ectoderm, mesoderm and the
endoderm. The following tissues in general are derived from the
three layers. : '

Ectoderm—epithelium of mouth, nose, anterior *surface of
cornea, external auditory canal, skin, hair, urethra, sweat gland,
sebaceous gland, mammary gland, pituitary, adrenal medulla,
brain, cranial nerves etc. Mesoderm—-conneptive tissue
including blood and bone marrow cells, the three different
-kinds of muscle in general, lymphatic organs, endothelium of blood
vessels,. epithelium of urinogenital tracts and the adrenal cortex.
Endoderm — epithelium of the digestive and respiratory tract
bladder, thyroid, parathyroid and the thymus.

TISSUES
The tissues of animals may be classified into four major groups:

(1) Epithelial or Covering tissue, (2) Muscular or ConEractile tissue, -
(3) Connective or Supporting tissue and (4) Nervous tissue.

(1) Epithelial or Covering Tissue -
The epithelial tissue forms the outer protective covering all
over the body, and, lines the inside of all cavities such as those of

a7 -Fig. 2
Kinds of Tissues
A. Epithelial Tissue B. Squamous Tissue C. Cuboidal Tissuee
D. Ciliated Tissue E. Glandular Tissue F, Columnar Tissue
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the stomach, intestines, mouth, throat and windpipe. Some
epithelial cells can secrete drops of mucus, a slimy substance that
lubricates the nose and throat. Such a secretary epithelial tissue
isknown as mucous membrane. \

Cells lining the stomach secrete a digestive fluid. Often the
secretary epithelial cells are aggregated into special areas called
glands. As examples may be cited the sweat glands and oil glands of
the skinand the salivary glands in the mouth. The epithelial tissues
‘may be simple, i.e., composed of a single layer of cells, or it ‘may
be stratified, i.e., made of several layers. The shapes of the cells’

composing this tissue vary a great
1 deal. The epithelial tissue of the
0 skin, which protects the flesh

A A ' beneath, has broad, flat ~cells
resembling tiles in a pavement.
i There are no spaces between these
, T cells, so that the skin can peel off-
A $ in layers. The epithelial cells lining

N, the respiratory’ passages bear nume-

W ! rous hair-like structures called
S W cilia which make lashing movement
) and tend to-sweep germs out of ‘the

Fig. 3 ~ air passage. Some epithelial cells of
Striped Muscle the skin may become specilized to
1. Sarcolemma - receive external stimuli. Such
2. Nucleus 3. Striations sensory cells are found, for example,

in the bodies of earthworms.

(2) Muscular or Contractile Tissue

Do you know that your body
has more than 600 muscles which
control the various movements? -
Since all animal life is charac.

Fig. 4
Non-striped Muscle
1. Nucleus 2. Granules
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terized- by movements, this tissue plays an importanf part
in the life of the organism. ~ Tissues composing muscles are of
three types: Unstriated, striated and cardiac.
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Cardiac Musc‘l'e_
1. * Striations 2. Nucleus

Unstriated (also called smooth, involuntary or Visceral)
muscles have narrow, spindle-shaped, uninucleate celis. -These
are called involuntary musclés because, their movements are not
controlled by the mind. Such muscles are found in many internal
organs such as the stomach andintestine whereby they help to
push the food along the alimentary canal. They are also found
in smaller blood vessels, breathing passages and the organs concer-
ned with urination and reproduction. These muscles contract and
relax very slowly. . : i

Striated (élso called voluntary, striped or skélefal) muscles
are made of long cylindrical fibres each having many
nuclei enclosed in a thin membrane. Striated muscle fibres
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form groups or bundles which run paraliel to each other. They
bear cross bands or striations visible under the microscope. They
are just alternating light and dark bands placed at right angles to
the long axis. Flesh is made mostly of these muscles. They
form nearly 50 per cent of the entire body. They can contract
rapidly .and are responsible for the quick movements found in
animals. Not all the fibres of a muscle contract at the same time
and the strength of contraction of the muscle is attached to a bone,
the bone will also move whenever the muscle contracts. The
contraction of muscles is controlled by nerves that are richly
distributed in them. These muscles are called vbluntary because
their action is regulated by mind or will.

Cardiac muscles are found only in the heart. Though striated,
they are involuntary, i.e., not under the control of one’s will. Your
heart beats throughout your life on its own and cannot be controlled
by your will. The fibres composing heart muscles are branched
and form a close network.

(3) Connective or Supporting Tissue

This tissue, as the name indicates, serves to bind the cells of
other tissues and to give them rigidity and support. It is composed
of ordinary cells and numerous tiny, rope-like structures called
fibres. The cells secrete a ground substance or matrix in which
they are embedded.

Fibrous connective tissue contains rows of flattened cells
distributed throughout a gelatinous matrix and mesh of delicate .
fibres. There are two kinds of fibres—the white ones which are
non-elastic, unbranched and united into bundles. and the yellow
elastic fibres which occur singly but are branched extensively to
form a net work. The white fibrous tissue is tough and forms the
tendons, ligaments and coverings of muscles. Tendons serve. to
attach muscles to the bones. Ligaments are bands of tissue that
hold the bones together. The yellow fibrous tissue is found in
the walls of the arteries and lungs. Ic also binds the skin to
the muscles underneath it. Fibrous tissue is thus mainly a binding
tissue. ' :
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The adipose or fat tissue contains cells filled with fat globules
and surrounded by a matrix of yellow and white fibres. It
occurs in the deeper parts of the skin, in the bone marrow and
-around certain organs. It is, therefore, a filling tissue.
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Connective Tissues
Fat Tissue ~ Bone Tissue

. Cartilage is another connective tissue that covers the ends of
bones and gives support to certain organs such as the nose, ear,
food-pipes and wind-pipes. It consists of a clear ground substance
or matrix which contains a large number of spaces, each occupied
by one or several cells. The elastic cartilage of the ear contains
a large number of fibres in addition to cells. Bones, the chief
supporting structures of vertebrates, are also a type of connective
tissue. They have been cells embedded in a hard matrix of calcium
and phosphorus salts. This deposition is in the form of thin -
concentric layers around a central canal: The bone cells occupy
small spaces which are connected to one another by a system of
radiating canals.

The longer bonés have a central hollow cavity filled ‘with
bone marrow which is made of fat cells and red as well as white
blood cells. The bones are surrounded by a membrane of
connective tissue which catries nerves and blood vessels.

* Blood is also a kind of specialized connective tissue which
carries food materials and oxygen to all-parts of the body. It
consists of a fluid medium or plasma with numerous
red as well as white blood cells (corpuscles) and platelets
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floating in it. The fibres that
are so common in - other types

. of connectijve tissue are only
potentially present in the form
-of a blood protein called
fibrinogen. When the blood
clots, the fibrinogen is precipi-
tated into protein. fibres.

Fig. 7
‘Blood Corpuscles R &5 =
a. Red Blood Corpuscles b. White Blood Corpuscles

' @ Nervous Tlssue

This is a very. specialized tissue that serves to receive and
conduct sensations, and to stimulate other tissues to activity. It
is made by nerve cells which conyey messages from one cell to
the next. A nerve. cell or a neuron’ consists of a main body from
which numerous, dehcate, thread-like fibres are given out. Most
nerve cells have fibres of two kinds—the thinner ones or dendrites
which carry sensations to the cell; and a thlcker one or axon which
carries the messages away from the cell. The nerve cells are located
in the brain and spinal card from where nerve fibres branch out
to every part of the body Some of these fibres may be over a
metre in length. The nerves.in our bodies are like cables made
of many nerve cell fibres bound together by a sheath of connective
tissue.

BLOOD

Blood is a tissue which is found only in the higher animals
and performs some important functions. It is the vehicle which
carries the oxygen; water and-food material necessary to the tissues
and transports carbon dioxide and products of metabolism away
from these cells. The harmones produced by the endocrine glands
reach’ the target organs ‘through blood. "The blood has a protec-
tive function which is exerted by -the white blood corpuscles, which
fights the bacteria entering the body. Pus is the dead matter com-
posed of the destroyed white blood corpuscles. The protein of
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the blood also produces antibodies. The blood aiso, helps in

, the maintenance of the acid base balance and in the even distribu-
tion of heat.

Composition of Blood '

Blood consists of a straw fluid called plasma in which the
formed elements are suspended. Formed elements are called
blood corpuscles. Plasma constitutes about 55% and the cells
about 459 of the total volume of human blood. The plasma is
composed mainly of water with 77, of proteins which has very
important functions to perform. The proteins are albumin,
globulin and fibrinogen. Plasma also contains substances like
glucose, sodium, potassium chloride and many other ions, besides
urea, uric acid and cholesterol.

Formed elements

The red blood cells or R.B.C are the most important in the
group.

~

N Erythrocytes in Rouleaux

They are also called erythrocytes. Large numbers to the extent
of 5 million are seen in 1 cu. mm of blood. Each R.B.C is adisc

~ shaped biconcave structure. When seen from the side it has a
“dumb-bell shaped appearance. The R.B.C have a tendency to
stick to one another like a pile of coins known as “rouleaux forma-
“tion”. R.B.C contain red pigment, known as haemoglobin.
About 100 ml. of blood will contain about 15 gms of haemoglobin.
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Any condition in which the amount of haemoglobm in the blood
is reduced is known as anaemia.

.. White Blood Cerpuscle

The W.B.C. are called leucocytes. There are only abut 5000
to 8000 W.B.C. cumm of blood. There are different types of
W.B.C. They are neutrophils, basophils, eosmophxls lymphocytes :
and monocytes.

Fig. 9
White Blood Corpuscles g

1. Small' Lymphocyte - 2. Large Lymphocyte
3. Monocyte 4. Neutrophil 5. Eosinophil

Platelets

These are very small bodies présent along with W.B.C. and
R.B.C. in blood. They are about 2 lakhs to 5 lakhs of platelets
cu.mm of blood. The platelets are extremely useful in the process
of coagulatlon

Normal human body contains about five 11tres of blood.
Blood is normally a fluid when it is inside the body. But when
blood is shed it looses its fluidity within few minutes and set into
“a semi-solid jelly. This phenomena is known as coagulation.
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Blood transfusion

When more than 40 per cent of the blood is lost
over a short period of time, the body is usually unable to repair
the loss unaided. Some artificial means of replacing the lost
fluid must be resorted to. The intravenous injection of blood is
known as blood transfusion. .

7

Blood groups

For a long time physicians have been wanting to give blood
transfusion in order to save patients in cases of haemorrhage.
Somehow or other this was not possible as transfusion invariably
tended to produce severe reactions. Transfusion was successful
to a certain extent in animals, but this success could not be repeated
in human cases. Though a few stray cases of successful trans-
fusions were reported like the famous instance of the gynaecologist.
Blundell Spence who successfully transfused a case of haemorrhage
after childbirth, the process was altogether too hazardous to under-
take. It was the remarkable work of Karl Landsteiner and his
colleagues which put transfusion on a rational scientific pooling.
He put forward the theory that transfusion reaction were mostly
due to the presence of agglutinogens and agglutinine in blood.
The agglutinogens are found inside the R.B.C. There are really
two powerful agglutinogens A and B and two corresponding
agglutinin called alpha () and (8) beta which are found in plasma.
All human beings can be divided into four groups namely A, B, AB
and O. The R.B.C of group ‘O’ people do not contain any strong
agglutinogen as ‘O’ agglutinogen is practically inactive. Thus
‘A’ group people cannot give blood to ‘B’ group persons and vice
versa. ‘AB’ group cannot give blood to either A or B but can
receive from any group as their serum is deficient of any agglu-
tinins. They are called universal recipients. ‘O’ group on the
other hand can give blood to anybody and are termed universal
donors.

Rh factor s

After the ABO Blood groups became well established it was
found that certain transfusions which were done in conformity

H.S.—2
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with traditional blood groups still caused servere reactions. This
problem was worked out and it was found that the transfusion
reactions were due to the existence of another agglutinogen called
Rh factor. This is called by the first two letter of the word
‘Rhesus’ as it was seen first in Rhesus monkey, 859 of Westerners
are Rh positive while about 15% are Rh negative.

If Rh-++veblood is transfused to an Rh+ve. individual there is
no immediate reaction. But the Rh—ve person develops Anti-Rh
agglutininsand a second transfusion may produce disastrous results.
Supposing the father is Rh+4ve and the mother is Rh—ve then
they may have an Rh+ve or Rh—uve child. If the child is Rh-ve
there is every possibility that when the child’s blood enters the
mother’s circulation it might produce an anti-Rh substance. When -
it recirculates in the foetus it can cause haemolysis. ~Normally
the first child is spared and with subsequent pregnancies there is
a danger of haemolytic reactions and the child being born with
severe jaundice. Such a condition is called ‘Erythroblastosis foetalis.’

Several other groups like M, N and P-are known. These
groups have no clinical importance. But they are sometimes
used as medico legal evidence in disputed patency.

THE LYMPHATIC SYSTEM

- Tissue fluid is derived from blood plasma,- by process of diffu-
sion and filtration. This fluid occupies the intracellular spaces
and constitutes the internal environment of the body. Lymph is
a modified tissue fluid. Lymphatic vessels ‘arise as blind tubes
in the intercellular spaces.. These capillaries repeatedly join to-
gether to form bigger lymphatic vessels which pass through the
lymph nodes receive more tributaries and gradually increase in
size. All'the lymph from the body is finally collected into two
big channels - the right lymphatic duct and the thoracic duct which
open respectively at the right and left subclavian veins. The
primary lymphatic vessels that remain in the centre of small intes-
tinal villi are known as lacteals and during the course of digestion
lacteals are filled with milk white fluid, chyle. Lymphatics are not
present in the central nervous system or the bone marrow.
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Functions of Lymph

1. Lymph forms the medium for
the interchange of oxygen and
catbon dioxide and also for
taking in the products of -
digestion and sending out the
waste products of metabolism -
from the blood to the tissue -
cells and vice versa.

2. It" actsas an alternative drai-
nage system for the cells and
takes in salt and extra vascular

 protein.

3.It is part of the reticulo-endo-
thelial system and helps in
the defence of the body against
invading bacteria from outside.
The lymph glands are small
aggregation of cells placed
in the course of lymph vessels.
It is these glands which are
inflamed and enlarged in
inflammations and infections . :
of the different parts of the - Fig. 10
body. ' ' Lymphatic System'

CARDIO-VASCULAR SYSTEM

Structure of the Heart

The human heart consists of four chambers, that is two auricles
and two ventricles. The auricles are thin walled chambers placed
above the ventricles which have thick walls. The right auricle
receives venous blood from the great veins namely the superior vena
cava and inferior vena cava and diverts it to the right ventricle.
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The wall of the right ventricle is comparatively thinner than the
left ventricle as it has to pump blood only through the pulmonary
circuit.” The blood after oxygenation is returned to the left auricle
and inturn sent to the ventficle. The wall of the left ventricle
is very thick as it has to pump the blood through the systemic
circulation to the entire body.

Fig. 11

- . Heart - Longitudinal Section

1. Left Pulmonary Artery = 2. Left Sub-clevian Artery
3. Aorta 4. Pulmonary Artery

5. Auricles 6. Pulmonary Valve

7. Muscular Fibres ) 8. Ventricles

9.

Right Sub-clavian Artery 10. Superior Venacava
11. Auriculo Ventricular Valves
12. Inferior Venacava

The functioning of the pump is dependent on the existence
of valves which allow the passage of blood only in one direction.
The mouths of the pulmonary artery and aorta are guarded by
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semilunar valves which allow the passage of blood only into the
vessels and do not permit any regurgitation. The right auricle
and ventricle are separated by a tricuspid valve which allows blood
. only to enter from the auricle to the ventricle. There is a similar
valve on the left side which has only two cusps and is called the
bicuspid valve. It is also known as the mitral valve because of
its resemblance to a bishop’s mitre. The cusps of the atrio
ventricular valves are anchored to the ventricular muscle wall by
strings called chordaetendineae which are attached to muscular
papillae.

Layers of the Heart Wall \

The heart is a hollow organ the walls of which are made up
of three different layers: (1) Endocardium-This membrane lines the
interior of the heart and also is the material of which the valves
of the heart are formed. (2) Myocardium—which is the muscle
of the heart and is much the thickest layer. (3) Pericardium which
forms the outermost layer of the heart wall as well as serving as
the lining of the pericardial sac.

The cardiac muscle shares the properties of excitability and
contractility. The property of rhythmicity which the cardiac
muscle exhibits is unique. It beats at a specific rate because of
this property, the rate in. man being about 70 to 80/minute.. This
rate can be changed by many factors. The influence of tempera-
ture on the heart rate is well illustrated by the rise seen in fever.
Temperature and heart rate are directly proportional to one another-
heat increases it, cold depresses it. Similarly the heart rate changes
when there is a change in the carbon dioxide and oxygen tension
of the blood or its pH. Apart from these factors the heart rate
is also controlled by the nerves supplying heart.

Blood Pressure

Blood pressure is defined as the lateral pressure exerted by
the column of blood on the arterial wall. This is the pressure
which drives the blood through the vascular channels and brings
it back to the right side of the heart. Therefore the pressure

'
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'Shoul\d be high on the arterial side and should show a fall in the
subsequent sections till it reaches the minimal valve in the big
veins. Though the discovery of circulation itself was made by
William Harvey in 1623, the existance of a high pressure in the
arterial system was demonstrated only in 1733 by Rev. Stephen
Riva Rocci. He constructed the sphygmomanometer for measure-
ment of the blood pressure in man. The blood pressure depends
on four factors. They are cardiac out put or the amount of blood
pumped by the heart, the peripheral resistance offered by the blood
vessels, the'viscosity of the blood and the fullness of the vascular
systems. .

Coagulation of Blood

When blood is shed it loses its fluidity in a few minutes and
sets into a semisolid jelly. This phenomenon is called coagulation
or clotting. On further keeping the clot retracts to a smaller
volume and presses out a clear straw coloured fluid called the
serum. Serum will not clot any more.

When the process of coagulation is studied under the micros-
cope, itis seen that minute granules appear at first. These granules
join together to form needles which again unite with one another
to form long threads. These threads cross one another and form
a sort of network, into the meshes of which the red and white
cells become entangled. The clot gradually retracts and serum
separates out.

It is to be noted that coagulation is the property of plasma
alone. The red and white cells do not take part in it. They only

become caught up in the meshes of the clot and are removed.

Normal coagulation time varies from 3 to 8 minutes.

Mechanism of Coagulation

Morawitz described the basic facts about the mechanism of
blood clotting in the following manner. When blood is shed,
the platelet (by coming in' eontact with rough surface)
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disintegrate and liberate thromboplastin. Certain amount of
thromboplastin is also derived from the damaged tissues of the
injured locality. Thromboplastin converts prothrombin into
thrombin with the help of calcium ions and thrombin interacts
with fibrinogen forming fibrin. This is the clot This can be
summarised in the following step.

) Thrombdpiastin +calcium ions--prothrombin — thrombin
(2) Thrombin+fibrinogen — fibrin (clot)

Since 1940 research work has indicated that the clotting
mechanism is a complex process. In 1954 an international
- committee was established. This committee suggested an inter-
national system of nomenclature time to time with the appearance
of new factors. ‘

Clotting Factors

I  Fibrinogen

II  Prothrombin
Il - Tissue Thromboplasﬁn
IV Calcium

V  Labile factor or Proaccelerin
VI  Accelerin

VII  Stable factor or Proconvertin
VIII  Anti haemophilic factor

IX Plasma Thromboplastin Component (PTC) or Chrlstlmas
factor

X - Stuart factor

_XI Plasma Thrombop]astm Antecedent (PTA) or Ant1 haemo—
philic factor

- XII Hageman factor
XIII Fibrin Stabilising factor or Fibrinase
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Factor I (Fibrinogen): It is a soluble plasma. .protein which
is acted upon by thrombin to form insoluble fibrin clot. In the
absence of fibrinogen clotting does not occur.

Factor II (Prothrombin): This inactive precursor of thrombin
is formed in the liver and is decreased in hepatic disease. Its
formation depends on the presence of vitamin K. It is converted

to the proteolytic enzyme thrombin by prothrombin activator
or thromboplastin.

Factor III (Thromboplastin): This converts prothrombin to
thrombin in the presence of factors V, VII & X, Ca and phos-
pholipid. This is formed in two. ways.

Factor IV (Calcfum): Calcium is essential for clotting. It
is required for the formation of prothrombin activator, for conver-

- sion of prothrombin to thrombin and for the formation of insoluble
fibrin clot.

Factor V (Labile factor): This factor is required for conversion
of prothrombin to thrombin by tissue extract and plasma factor
of blood constitutents. In both cases the key reaction is the conver-
sion of factor X to its active form Xa. Factor Xa then interacts
with factor V and phospholipid to form prothrombin activator.

Factor VI (Accelerin) This factor is a hypothetlcal activation
of proaccelerin (Factor V).

Factor VII (Stable factor)—This factor is required for the forma-
tion of prothrombin activator by tissue extract.

Factor VIII (Anti haemophilic factor): Classical haemophilia is
due to the congenital absence of this factor. This is required for
the formation of prothrombin - activator.

Factor IX (Christimas factor): It is needed for the formation of
prothrombin activator. :

Factor X (Stwart factor): This is essential for the formation
of prothrobin activater. - ‘
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Factor XI (Plasma Thromboplastin Antecedent): It is required
for formation of prothrombin activator from blood constituents.

Factor XII Hageman factor): It takes part'in the forniation of
prothrombin activator from blood constituents.

Factor . XIII (Fibrin Stabilising factor): This is a plasma protein

which causes polymerization of soluble fibrin to produce insoluble
fibrin.

Platelets contain phospholipids which are essential for clott=
ing in the absence of tissue extract.

Prothrombin activator or Thromboplastin is formed in
two main ways, one as the result of tissue damage (extrinsic system)
and the other due to interaction between different plasma factors
intrinsic. ’

In the extrinsic system the reactions are as follows :

. Tissue extract -+ Factor VII - VIIa

Ca T¥

Factor X - X a

/
“Ca 1T

Factor V. =~ Va
N
Va T Xa T Phospholipid
} ,

Prothrombin activator

Extrinsic Coagulation

_ In the extrinsic system the reactions leading to the formation
Xa are more complicated and take several minutes for completion.
Macfarlane has proposed an enzyme casoade hypothesis to explain
the sequence of reactions involved. :
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Enzyme cascade Hypothesis: Macfarlane suggests that surface
contact induces a sequence of changes in which an inactive pre-
cursor is converted to an active enzyme which then acts in the
next procusor to form the next active enzyme and so on as set
out in the diagram. -

XIT Surface contéct XII a

$ .
XI -~ Xla
¢ v,
X = - Xa
: ¥
VII | - Vila
«/ | |
X - V - Phospholipid

Intrinsic thromboplastin

INTRINSIC COAGULATION

Thus the clotting mechanism of the intrinsic system is regarded
as a series of enzyme substrate reactions leading to the formation
of Xa which then acts in the same way as the extrinsic system.

Arteries o

Arteries carry blood from heart to the tissues. FEach
artery is made up of three layers. The outer layer is made up of
fibrous tissue and elastic. tissue (tunica adventitia). The middle
layer is made up of plain .muscles-and a network of elastic
fibres (tunica media) and -the inner layer of endothelium
(tunica intima). In the arteries tunica adventitia and tunica
media are very thick because they have to withstand
considerable blood pressure. A special system of vessels—
the vasa vasorum—passes into the arterial wall to supply these
two layers. The intima layer consists of a single layer of endothe-
lium, set upon a basement membrane of elastic tissue known as
elastic lamina. This lamina is thrown into folds to prevent injury
to the endothelial lining as may occur owing to pulsation.

i
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Capillaries

Capillaries consist of a single coat—the intima only,
having a single layer of flat endothelial cells. Obviously " this
is * highly suitable for filtration, diffusion, osmosis etc. Lying
upon the outer surface of the capillary wall is a peculiar type of
branching cell known as. Rouget cell. Their branches join.with
one another forming a network around the capillaries. These ‘
cells are supposed to be the modified muscle cells being the
remnants of tunica media. By their contraction and relaxation
the size of the capillaries can be altered. E

Veins

Veins carry blood to heart. Each vein is made up of tunica
adventia, tunica media and tunica intima similar to that of
arteries. But tunica adventia and media are not very thick as
arteries. - They are present in much smaller quantities. At
intervals the intima is thrown out into transverse folds and
constitute a sort of incomplete valve. This helps to make the
circulation one way, by allowing blood to flow towards heart but
not in the opposite direction. '

’

The Work of the Heart

Although the right and the left sides of the heart are comple-
tely separated from each other they work together. “The blood
is squeezed through the chambers by a contraction of heart muscle
beginning in the thin walled upper chambers the atria and followed
by a contraction of the thick muscle of the lower chambers the
ventriclés. This active phase is called systole and in each case it
is followed by a short resting period known as diastole. The
contraction of the walls of the atria is completed at the time the
‘contraction of the ventricles begins. Thus the resting phase
(diastole) begins in the atria at the sametime as the contraction
(systole) begins in the ventricles. As soon as the ventricles have
emptied, the atria contract while the ventricles relax and again
fill with blood. Then the ventricular systole begins.

- Heart Sounds and Murmur

The nprmal heart sounds are usually described by the two
syllables ‘lubb’ and ‘dupp’. The first is a longer and lower-pitched
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sound which occurs during the ventricular systole. It is caused
by the closure of the atrioventricular valves. The second or
‘dupp’ sound is shorter and sharper. It occurs at the beginning
of ventricular relaxation and is due to the sudden closure of semi-
lunar valves. The normal nature of the rhythm of the sound is a
factor looked for in cardiac examination. In valvular diseases,
where there is either a narrowing of the passages or regurgitation
due to widening of the passage, the character of the sound is altered
and it may be replaced by a murmur.

THE SKELETAL SYSTEM

The human body is built upon external framework of bones
called, the skeleton. Actually bone is a specialized type of connec-
tive tissue which is reinforced by calcium to give it strength and
solidity. The skeletal system may be divided into an axial portion
consisting of the skull, vertebrae, the chest bones and the pelvic

bones, and (b) an appendicular portion consisting of the framework
of the limbs.

The Skull

The bones which form the cranium are flat bones which are
immovably fixed to each other by sutures. The frontal bone is in
front. The parietal bones form the lateral part of the cranium,
with the temporal bones below the parietals. The posterior portion
of the cranium is constituted by the occipital bone. There is a
big opening on the lower aspect of the cranium called the
‘foramen magnum’ through which the spinal cord enters the
brain. Apart from the bones forming the cranium there are bones
which are part of the face and provide cavities for lodging the
organs of the special senses. The only bone in the head which is
movably articulated is the ‘mandible’ which forms the floor of the

‘mouth. Both the maxilla and mandible have sockets, which carry
the teeth.

The skull is placed on top of the vertebral column. The
vertebral column is composed of 33 vertebrac which can be
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divided into cervical (seven), thoracic (twelve), lumbar (five),
sacral (five) and coccygeal (four) portions. Each of these groups
have their characteristic features. Of these the first two cervical
vertebrae are different from the rest of the cervical group. The

Fig, 12

Skull-Side View
1. Parietal Bone 2. Occipital Bone
3. Temporal Bone 4. Eustacian canal
5. Mandible 6. Frontal Bone
7. Sphenoid Bone 8. Nasal
9. Cerbital 10. Zygomatic Bone
11. Maxilla

Atlas is a mere ring of bone with surfaces for resting the skull.
The second cervical vertebra is the Axis. It has an upward projec-
tion called the ‘odontoid process’ which projects through the ring
of the Atlas and forms a pivot on which the head can turn from
side to side. The skeletal frame work of the neck consists of five
cervical vertebrae which are designed in the shape of flat discs
placed one on the other.

The thoracic region contains 12 vertebrae. These differ from
all other parts of the vertebral column in that here are attached
12 pairs of ribs.
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Atlas axis
Fig. ‘13

1. Anterior Arcii 2., 4. Neural canal
3. Posterior Arch

The lumbar area, which is usually curved inward contains
five large vertebrae. The sacral portion is made up of five verte-
brae. This serves to complete the framework of the pelvic girdle
at the back. The coccygeal or tail part has four or five vertebral

Fig. 14

Coccyx
1. Body 2. Spinal canal -~
3. Traverse Process 4. Articular Feed

\

bones in the child, but these fuse to torm a single coccyx in the
adult.
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. These vertebrae are like discs placed one on the other, forming
a column. The hollow rings of the vertebrae also form a canal
which lodges the spinal cord. The vertebrae are so articulated
to one another, that while they give a rigid support, they also allow
limited movement. . :

The limbs are attached to the axial skeleton. The upper
extremity is attached to the bony cage of the chest of the shoulder
girdle, which consists of the Scapula behind and the Clavicle in
front. The most proximal bone of the upper extremity is the
Humerus which articulates with Scapula. The lower arm consists
of two bones. They are the Radius which is at the outer
and to the Ulna which is inside. ' '

The hand is made up of a large number of bones. Eight
carpal bones constitute the wrist joint, while the metacarpals form
the bony framework of the palms. Fourteen phalangeal bones
form the fingers, two for the thumb and three each for the other
fingers.

The pattern of formation of the lower limbs is also basically
the same as the upper limbs. The hip joint by which the lower
extremity is attached to the pelvic girdle is formed by the Aceta-
bular cavity of the Ilium and the head of the Femur which is the
largest bone in the body. The lower end of the Femur articulates
with the upper end of the tibia which is the main bone in the
lower leg. The fibula is a thin slender bone on the outside of the
tibia.” The bony framework of the leg is exactly similar to that
of the hand, the tarsals and metatarsals replacing the carpals and
* metacarpals. '

The Joints of the Skeleton .

The joints in the human body are of three categories. T hey are
(a) immovable (b) slightly movable and (c) freely movable joints.
A typical example of the immovable joints are those formed by the
flat bones of the cranium, which interlock with one another by
their serrated edges. The intervertebral discs are examples for
the slightly movable joints, where only restricted movement is
possible. The freely movable joints are found in the extremities.
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Freely Movable Joints
. The freely movable joints can be subdivided into four catego-
ries.  They are: '
1. Hinge joint 2. Ball and socket joint
3. Pivot joint and 4. Gliding joint.

Hinge Joint

The hinge joints can be seen at the elbow, knee and between
the phalanges. In the case of the elbow joint, the olecranon
process of the ulna articulates with the lower end of the humerus.
In the knee joint the lower end of the femur moves over the upper
surface of the tibia. In the knee extra ligaments in the nature of

Fig. 15

Ball and Socket Joint
Tibia’ ‘ . Head of the femur
Articular cartilage Synovial membrane

Joint cavity Filuous capsule
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éoc\:"!"

Ligament " Fernur
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crucial ligaments are provided for strength. The ends of the bones
are attached to each other by a strong ligament, which is called
the capsule. The joint cavity is lined by a thin synovial membrane
which secretes a slimy fluid to provide lubrication to the joint.

Ball aid Socket Joint

In the ‘Ball and Socket Joint’ one end of the articulating bone
is modified into a rounded shape forming as it were a ball which
fits into a cavity or socket formed by the other bone. The features
of a Ball and Socket Joint is that it allows movement in all direc-
tions. The hip joint and the shoulder joint belong to this group.
In the hip joint, the upper end of the femur is shaped like a ball
which falls into the acetabular cavity of the ilium which acts as
the socket. The glenoid cavity of the scapula is the shallow socket
in the shoulder joint, where the head of the humerus is the ball.

Pivot Joint

The pivot joint is seen between the Atlas and the Axis of the
cervical vertebrae. The Atlas rests over the Axis with the additional
process of the Axis projecting through the arch of the Atlas. In
this type of joint, only rotation is possible.

Gliding Joint

The category of gliding joints which are limited in scope, are
between the flat surfaces of two bones. The movements of the
carpal bones when the hand is moved and the activities of the
tarsals when the leg is moved and the activities of the tarsals when
the leg is shifted in position are examples of gliding movements.

NERVOUS SYSTEM

The nervous system is the most important organisation which
controls and integrates the different bodily functions. This system
is necessary for the reception, storage and release of different
informations for regulating or initiating a particular behaviour
of the individual. This system can be divided into the central

HS—3
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nervous system, the peripheral nervous system and the autonomous
nervous system. The central nervous system includes brain and
the spinal cord. Peripheral nervous system consists of cranial
and spinal nerves. Autonomous nervous system consists of sympa-
thetic and parasympathetic nerves.

Histology

Nervous system is composed of nervous tissue. The nervous
tissue consists of two elements : (1) the nerve cell or neuron
(2) the neuroglia.

Neurone
N\ ) /
Ly ) »
4
)
_ S
S
Zan
| Fig. 16
. Neurone
1. Axon 2. Mpyelin Sheath 3. Neurolemma

4, Den@ron 5. Nucleus
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Neurons are the structural and the functional unit of the
nervous system. A nerve cell with all its processes is called a neuron.
The processes are collectively called the nerve fibres. They are of
two types: (1) axon or axis cylinder (2) dendron.

Axon

It is the efferent process. It carries impulses away from the
nerve cell. It arises from the axon hillock. It contains no
Nissil granules. It is covered by one membrane called medullary
sheath.

Dendron

It is the afferent process. It collects impulses from other
neurons and carries them towards the nerve cell. It is generally
short with many branches, contains Nissil granules.

Cell Body

It is called the neurocyton. Neurons are commonly
classified according to the number of their processes: (a) Apolar
having no process (b) Unipolar having only one process—the
axon, and (c) Bipolar. These are spindle shaped cells possessing
the axon at one pole and a dendrite at the other.

3

Fig. 17
Types of Neurons

1. Apolar 2. Unipolar
3. Bipolar 4. Multipolar



36

Neuroglia

In between the nerve cells certain other cells are also present.
Based on their shape and size they are classified into three types:
(1) Astrocyte (star-shaped) (2) Oligo dendroglia or Oligo
dendeocyte (cells with few processes) and (3) Microglia (small
insize). The first two are ectodermal in origin. But microglia is
mesodermal and belong to the Reticulo endothelial system.

Functions : (1) Support (2) phagocytosis (3) 'Oilgodeg-
drocyte are believed to participate in the formation of myelin
sheath.

Central Nervous System

The CNS is symmetricallyiarranged into two lateral halves-
It consists of spinal cord inside the vertebral column and brain
- inside the skull. The foramen magnum is the limiting membrane.

Fig. 18
Spinal cord (Section) ,
1. Grey matter 2. White matier 3, Epenalyma

The spinal cord consists of 31 segments. The cord is shorter
than the vertebral column. The space in between the two contains
cerebrospinal fluid. From spinal cord 31 pairs of spinal nerves
arise. Histologically spinal cord is composed of two parts, inner
- grey matter and outer white matter. Grey matter is composed of
nerve cells whereas white matter is composed of only nerve fibers.

Neuroglia cells are present in between the nerve cells and the nerve
fibres.
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Functions of the Spinal Cord

. Spinal cord is responsible for reflex activities. It also acts as
the pathway for ascending or sensory and descending or motor
“tracts. A tract may be defined as the group of fibers carrying
" sensory impulses or motor impulses in the central nervous system.

" The Brain

Brain consists of the following ﬁarts:

1. Cerebrum .

This is the largest part
of the brain. It is divided
into two lateral halves by
corpus callosum. Each half
is again divided into four'
lobes by three fissures.
The lobes are frontal
(anterior), parietal (middle
top), occipital (postetior)
and  temporal = (below
parietel). The three fissures
are: (1) central sulcus found
between parietal and frontal

Fig. 19

e (?) parieto-occipital found

;' (L?;gb];l::;n i I(;,‘sll;:bellum between parietal and occi-
5' Medulla Oblong.ata pital and (3) syl_vian fissure

6- Siginal, Gord between  parietal and
’ temporal.

Frontal Lobe '

This is relatively much larger in the human being than in
any organism. This contains the motor cortex which controls
the voluntary muscles. The left side of the brain governs the
right side of the body and the right side of the brain governs
the left side of the body. '
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Parietal Lobe

This occupies the upper part of each hemisphere just
behind the central fissure. This contains the sensory area in
which the general senses such as pain and temperature are
interpreted. ’

Temporal Lobe

This is lateral and folds under the hemispheres on each side.
This contains the aunditory center for interpreting impulses from
the ear.

Occipital Lobe

This is the most posterior and extends over the cerebellum.
This contains the visual area for interpreting messages from the
retina of the eye.

"Functions of Cerebrum

(1) Cerebrum is responsible for voluntary movement, regula-
tion of tone, posture and equilibrium. (2) It is the chief seat of
conditioned reflexes. (3) It also acts as the center for general sensa-
tions such as pain, touch, temperature and also special sensations
such as taste, smell, vision and hearing. It is responsible for
all intellectual functions viz. memory, intelligence, planning,
judgement etc.

2. Thalamus

This is a collection of nerve cells at the top of the midbrain
just below the cerebral cortex.

Functions : The thalamus is the main sensory relay station
of the brain. It is the centre for crude sensation. In Iower
animals where cerebrum is absent, thalamus acts as the highest
sensory centre. The- emotional reactions are mediated through
the thalamus.

3. Hypothalamus

Found just under the thalamus and forming a part of the
wall and floor of the 3rd ventricle. It has got close connections
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- with the hypophysis. It consists of anterior group, middle group
and posterior group nuclear masses.

Functions: (1) It is the highest centre for autonomic nervous
system.  Stimulation of posterior nuclei of hypothalamus
causes sympathetic activity. Stimulation of middle nuclei of
hypothalamus cause parasympathetic activity.

(2) Takes part in the regulation of body temperature.

(3) Important reflex centre for emotional expression. Stimu-
lation of anterior group of nuclei in the case of dog produces
erection of hairs, dilation of pupils, growling, lashing of the tail,
sweating etc. (anger reaction).

"(4) It is concerned with personality of the subject. Lesions
causes changes of personality and psychic disturbances. Feeding,
thirst and sleep centres are also found in the hypothalamus.

4, Brain Stem

Brain stem includes the Midbrain, Pons and Medulla Oblon-
gata ‘ :

(a) Midbrain : Midbrain connects the forebrain with the
hindbrain. This midbrain contains important correlation centres
and also nuclei concerned with motor co-ordination..

(b) Pons: It is a thickening located above the medulla
oblongata. Pons is primarily concerned with the maintenance of
normal rhythm of respiration.

(c) Medulla Oblongata: Itis the upward continuation of the
spinal cord. It is approximately 28 mm. in length. It contains
the fourth ventricle. Grey matter remains inside composed of
various centres or nuclei. Among these respiratory centre, cardiac
centre, nasomotor centre are very important. The last four
cranal nerves arise from the medulla. Tt also carries both
ascending and descending fibres.
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5. Cerebellum:

It is the largest part of the hind brain and lies behind the pons
and medulla oblongata. Average weight is 150 gm. In general
form, the cerebellum consists of right and left cerebellar hemi-
spheres joined by vermis. -Anatomically cerebellum is divided into
anterior lobe, middle lobe and posterior lobe. The anterior
lobe is separated from the middle lobe by primary fissure.
Middle lobe is seperated from the posterior lobe by postero-
lateral fissure. Anterior lobe consists of lingula, central lobule
and culmen. Middle lobe is composed of declive, folium vermis,
tuber vermis, lobulus simplex, pyramid, uvula and biventral
lobules. - :

Fig. 20 ' Fig. 21
Cerebellar Hemisphere

1. Lingula 2, Central lobule

3. Primary Fissure 1. Vermis

4. Posterio lateral fissure 2. N. globo.us

5. Nodula 6 TUvula 3 N. emboliformis
7. Pyramid 8. Tuber 4, N. fastigri .

9. Declive ; 5. N. Dentatus

10. Lobulus Simplex

11. Culmen 12. L. Paramedian
13. Lobulus Arsiformie/

Posterior lobe consists of flocculus and nodules. Functionally
itis divided into Archicerebellum, Palacocerebellum and Neocere-
bellum. Archicerebellum includes anatomical posterior lobe and
lingula, pyramid and uvula. Neocerebellum is the largest and
include the whole of the posterior lobe with the exception of

the pyramid and uvola. Four pairs of nuclei are found in the
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cerebellum. They are nucleus fastigi, nucleus globosus, necleus
emboliformis and nucleus dentatus.

Functions: Archicerebellum—It is connected with vestibular
nuclei and plays an important role in regulation of posture and
equilibrium. Palaeocerebellum—The anterior lobe helps in the
maintenance of nucletone and synergic movements, necessary for
the regulation of posture. Uvula and pyramid probably help in
the regulation of equilibrium. Neocerebellum—It helps with
integration and co-ordination of muscular movements.

The brain and spinal cord remain covered by three membranes
(Meninges) which form outside inwards are known as
dura mater, arachnoid mater and pia mater. Under the arachnoid
there is subarachnoid space containing cerebrospinal fluid. The
interior of the nervous system is hollowed out by four cavities
{ventricles) filled up with cerebrospinal fluid. One cavity is present
in each cerebral hemisphere called the lateral ventricle. They open
into a common central cavity—the third ventricle through an open-
ing on each side of the foramena.
The third ventricle is continued
down through the midbrainasa
cerebral aqueduct. The aqueduct
opens into another dilation in °
the medulla the fourth ventricle,
which again continued down-
wards as the central canal of the
spinal cord. The roof of the
fourth ventricle has three perfora-
tions—the central one is called
Foramen of Magendie and two
lateral foramena of Luschka.
Through these foramena, the cere-

1. Lateral Ventricle

2. Foramen of Monro
3. Third Ventricle
4,
5'-

Fig. 22
Ventricles of the Brain

Aqueduct
Fourth Ventricle
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brospinal fluid enters the subarachnoid space. Thus the
cerebrospinal fluid surrounds the whole central nervous system
both inside and outside it. The ventricles and canals
are lined by cliliated cubical epithelium called the ependyma.
The movement of the cilia helps the circulation of the cerebro-
spinal fluid.

Peripheral Nervous System
Peripheral nerves are (1) cranial nerves (2) spinal nerves.

Cranial Nerves:— There are 12 pairs of cranial nerves
emerging from the brain. Theyv are in their order of origin as
follows :

1. Olfactory—carrying the sensation of smell.
2. Optic—carrying the sensation of vision from the retina.

3. Oculomotor—supplying all the extrinsic muscles of the
eye ball except superior oblique and lateral rectus muscle
of the eye ball.

4. Trochlear—supplying the superior oblique muscle of
the eye-ball.

5. Trigeminal—This is a big nerve which splits into three
important branches, the ophthalmic, maxikay and the
mandibulen serving the sensations of the corresponding
areas of the face.

6. Abducens—supplies the lateral rectus muscle of the eye
ball.

7. Fécial—gives motor supply to the muscles of expression.

8. Auditory—conveys the sensation of audition and the sense
of equilibrium.

9. Glossopharyngeal-—carries taste fibres from the posterios
part of the tongue.
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10. Vagus—is the largest cranial nerve. It supplies most
of the organs in the thoracic and abdominal cavities.

11. Accessory—supplies muscles of the neck.

12. Hypoglossal-is the motor nerve to the muscle of the tongue.

Spinal Nerves : There are 31 pairs of spinal mnerves
and each nerve is attached to the spinal cord by two
roots, the ‘dorsal root and the ventral root. These are
mixed nerves due to contents of motor and sensor fibres.
Each spinal nerve is formed by the union of anterior and
posterior spinal root. Anterior root is entirely of motor fibres.
Posterior spinal root consists of sensory fibres. Each spinal nerve
continues only a very short distance away from the spinal cord
and then branches into small posteriof divisions and large anterior
divisions. The larger anterior branches interlace to form networks
called plexuses which then give off branches to the body parts.
The three main plexuses are : ’

(1) The cervical plexus which supplies motor impulses to the
muscles of the neck and receives sensory impulses from the neck
and the back of the head. The cervical plexus, also givés off the
phrenic nerve, which activates the diaphragm.

(2) The branchial plexus which sends numerous branches to
the shoulder, the arm, the forearm, the wrist and the hand.

(3) The lumbo sacral plexus which qupphes nerves to the
lower extremities.

The Auntonomic Nervous System

It is that of nervous system which controls the activity of
viscera. Its actions are generally unconscious and independent of
will. Hypothalamus, thalamus, cerebrum control this system.
This system can be classified in three ways. According to the
nature of function, it is classified into sympathetic and parasym-
pathetic. These two are functionally opposite. Broadly speaking



44

functions of sympathetic are catabolic while that of parasympa-
thetic are anabolic in nature. :

Anatomically it is divided into (a) cranio sacrelarises from
3,7, 9, 10 cranial nerve nuclei and sacrel 1 and 2 spinal cord (b)
Thoraco lumbar—arises from thoracic 1-12 and lumbar 1-3.
Chemically Anatomic system is divided into (1) adrenergic-
those producing adrenalin at the nerve endings. This includes only
the post-ganglionic fibres of sympathetic except the sympathetic
fibre supplying sweat gland. (2) cholinergic—produces acetylcholine
at the nerve endings. This includes (i) The whole of parasym-
pathetic both preganglionic and post ganglionic fibres (ii) all the
ganglionic sympathetic fibres (iii) post ganglionic sympathetic fibre

supplying the sweat-gland.
Functions of sifmpathetic and parasympathetic systems

The sympathetic and parasympathetic system, by acting
oppositely take part in maintaining the body temperature mecha-
nism in response to change in external or internal environments.
The sympathetic system directs to strengthen the subjects ability
to adopt itself following a change in its internal environment,
such as fall in heart rate, blood sugar, blood pressure etc; and 1n
external environment for securing foods and protection, whereas
the parasympathetic system is concerned with restoring and
conserving energy.

Reflex action

Brain is like a very fine electrode computer receiving informa-
tion from various sources, collecting and analysing it, and giving
appropriate stimuli for action. There are a large number of actions,
which do not require the intervention of the brain and can be
executed at lower levels. Of course, there are classical examples
of the heart beat, respiratory movements and gastric secretion
which are done automatically without conscious effort. These
are controlled by the autonomous nervous system. Apart from
this there is a large group of activity, many of them voluntary in
nature which are also done similarly. The closing of the eyelid
when light falls on it, removing the hand when it touches some-
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thing hot, locking a knee joint to support the body when the
other joint relaxes, coughing when the throat is irritated are all
examples of reflex activity. Indeed most of the voluntary activity
that we do are reflex in nature and reflex action can be considered
as the most elementary type of nervous activity.

Let us take the example of the knee jerk. When the patellar
tendon is tapped by a knee-hammer there is a sudden unconscious
tensing of the thigh muscles resultingin an upward movement
of the leg. Thus the minimum criteria required for reflex activity
are the following : There should be stimulus and a receptor which

6

Fig.; 23
Reflex Arc
1. Centre ‘2. Muscle 3. af. nerve

4. ef. nerve 5. Ventral root 6. Dorsal root
7. Skin : :

responds to the stimulus. The stimulus must be ‘carried by a
sensory nerve called the afferent arc. There should also be'a
centre reacting to the stimulus, which in this case is situated in
the spinal cord. The motor impulse is carried in the peripheral
direction by the efferent limb of the arc. There should be an
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effector organ capable of reacting to this stimulus, which in this
particular instance-is the muscle of the thigh.

Reflex action possesses a large number of special characterisics
depending on the synapses between the nervous existing on
an indjvidual case. A sensory stimulus in a specific spot always
produces a definite localization of motor reaction. More over
two sensory stimuli can be summated both in space and time.
Facilitation is the property by which a second impulse produces
a better reaction than a previous one. Another property of reflex
action which is very useful for co-ordinated muscular activity
is reciprocal innervation. Contraction of the flexor muscles
produces purposeful muscular activity if it is associated with the
relaxation of the contralateral extensor muscle or facilitation in
one direction must co-exist with inhibition of all opposite reflexes.
Thus in all reflex activity one particular pathway must be prepo-
tent. This is achieved by inhibition of all opposing activity and
facilitation of the useful reflex arc which is due to reciprocal
innervation. The reflexes are poorly developed in children and
it can be developed and controlled by will power and training.

Conditioned reflex

There is another type of reflex which is developed only with
experience. A new born child will not secrete saliva if food is
shown or if it smells food. On the other hand, an adult will salivate
on the sight or smell of food because of the association of these
special senses with food. These types of reflexes are called condi-
tioned reflexes. If 'a specific stimulus applicable to a special
sensation like the ringing of a bell or showing of light is followed
by food, a conditioned reflex is built up. After a few times the
ringing of the bell alone will cause salivation. This training is -
called a lesson and there is practically no limit to which a special
sense can be employed in this manner. Moreover secondary and
tertiary reflexes can be built up on primary reflex. The conditioned
reflex can be inhibited or stopped by a painful stimulus from out~
side. This is called external inhibition.
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E SENSORY SYSTEM

One of the important functions of the central nervous system

is the collection of information both from the outside world as

- well as from inside the body. There are a large number of specia-

lized end-organs situated in the different parts of the body called

receptors. The receptors are divided into general receptors which

carry general sensations and special receptors which are respon-

sible for special sensations. Special receptors are limited to a

relatively small area in the body where as general receptois are
scattered through out the body.

General sensations

1
0 2
4 2 )
Fig. 24
Sensory Receptors
1. Messiner’s corpuscle 2. Pacinian corpuscle

3. End bulb kranse 4. Organ of Golgi Mazzoni
5. Free Terminals '

General sensations are touch, pain, temperature and pressure.
The receptors responsible for touch are tactile corpuscles and free
perve terminals, for cold endbulb of krause, for heat organ of
Golgi Mazzoni. Each receptor is sensitive to specific stimulus. The
stimuli which are received in these end-organs are converted as
electrical impulses which travel up through the sensory portions
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of the peripheral nerves and reach the posterior horn cells of the
spinal cord. From there the impulses are carried out by fasciculus
gracilus, fasiculus cuniatus, ventral and later spinothalamic tract
to thalamus and the crude sensations end in the thalamus itself
wheres fine sensations ascend upwards and end in the cerebral
cortex.

Special sensation

Special sensations are vision, hearing, smell and taste. Eye
is responsible for vision, ear is responsible for hearing. Nose
and Tongue are responsible for olfaction and taste respectively.

The Eye-Vision

Human eye ball is roughly spherical in shape found in the
orbit. Optic nerve enters the eye ball through optic disc. No
visual receptors are present in this area. Hence it is called blind

“spot. From outside inwards the wall has three coats (1) fibrous
coat (2) vascular coat (3) nervous coat.

_ Fig. 25
 Structure of the Eye ,
1. Retina 2. Lens 3. Cornea 4. Pupil

5. Tris 6.. Ciliary Muscles 7. Sclerotic coat
8. Choroid Plexus 9. Posterior chamber
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1

Fibrous coat is again divided into two parts (1) Posterior —g—th

is opaque and called sclera (2) Anterior % is transparent
‘and called cornea. Vascular coat is composed of three parts.
(a) Choroid plexus found in between the fibrous and nervous
coat (b) the ciliary body (c) the iris. The pupil is the aperture
surrounded by the iris. The inner most layer of the eye
ball is retina. It is the light sensitive layer situated
between the choroid and vitreous. This retina contains
photoreceptors. These are rods and cones. Human eye
ball is divided into two by a lens. This lens is attached to
the eye ball by suspensory ligaments. Anterior to the lens is
known as anterior chamber which contains a thin fluid—aqueous
fluid. Posterior to the lens contain posterior chamber - which
is filled up with a fluid known as vitreous humour. These
aqueous as well as the vitreous humours are transparent and
allows light to pass through.

The exposed part of the eye ball is covered by a thin stratified
mucous membrane which is reflected on to the inner surface of
the eyelids. It is called conjunctiva. Its function is protection
and lubrication. The rays of light which fall on the eye first passes
through the cornea, aqueous humour, vitreous humour and finally
falls on the retina. The iris is a dark screen and by its movement
acts as a diaphragm to adjust the amount of light which travels
through the eye. When a bright light is focussed on the eye it
contracts while it dilates in poor light admitting as much light as
possible. The lens is biconvex and is designed to converge the
rays of light, and focus it on the retina which is the chemically
sensitive film of the human eye.

Physiology of Vision

When light falls on the retina certain chemical, electrical
and sensory changes result. The sensitive elements in the retina
are the rods and the cones.  The rods contain a purple coloured
matter called visual purple. This is bleached into visual yellow.
The visual purple is reformed in the darkness. Bleaching and
regeneration are independent of nerves. It is held that either the
bleaching process itself or some product formed during bleaching

HS—4
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stimulates the rod to generate the visual impulses.. In other words
radiant energy is converted into nerve impulse through this photo
chemical process. Visual impulses arise in the rods and cones
pass through optic nerve. These nerves cross each other in the
optic chiasma in front of the pituitary fossa and relay in the lateral
geniculate bodies. From here fresh fibres arise which end in the
occipital lobe of the cerebral cortex after travelling as optic radia-
tions. The areas 17, 18, 19 of the cortex analyse and interpret the
visual sensation.

Light and dark adaptation

If the eye after being exposed to dark be rapidly exposed to
strong light or vice versa, the eyes take a little time to get adopted.

Hearing — Ear

Hearing like vision is one of the sensations which we
can appreciate from distance and is equally useful as vision for -
orientation in space and conveyance of information. Sound
" travels in the form of waves. It is the amplitude of these waves

Fig. 26
Inner parts of the ear
.. Inner Ear 2. Pinna 3. Auditory canal
Semi circular canals 5. Hammer Bone
Cochlea 7. Tympanic membrane 8. Tympanic Gland

O A e

which denotes loudness, while the wave length determines the pitch.
The sound waves enter through the pinna or external ear which
serves as the horn of a megaphone. In lower animals the pinna
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can be removed and sound waves can be caught. Man has lost this
ability due to evolutionary rise. The sound waves pass through
the external auditory meatus which is directed medially and upwards.
The inner end of the meatus is covered by the tympanic membrane

" Fig. 27
Schematic diagram of internal ear
1. Cochlear 2. Sacqule 3. Utricle

which vibrates in unison with the sound waves falling on it. The
sound waves are carried through the middle ear into the cochlea
or inner ear through a chain of very small bones called the ossicles.
The three ossicles are named after their shapes, that is the malleus
or the hammer, the incus which is like an anvil and the stapes or
stirrup. The ossicles convert the periodic vibrations of the tymp-
anic membrane into periodic ones and give them a direction.
The middle ear cavity communicates with the pharynx by the
pharyngo-tympanic tube which helps the regulation of the pressure
inside the cavity.

The Cochlea consists of a tunnel which takes two and a half
turns round a centrally placed bone called the modiolus. The
tunnel is further sub-divided into three concentric passages by
means of two membranes: called thebasilar membrane and Reissners
membrane. The whole cavity is filled with endolymph and the
sound vibrations falling on the middle wall causes ripples in the
fluid. Certain specialized cells are present on the basilar membrane

. .
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and these cells are the essential end-organs of hearing. The cells
have small hairs projecting from their surface and the pull or wayy
motion of these hairs are the stimuli for the sense of hearing,
The basilar membrane has smaller strings or fibres at the base and
the longer ones at the apex. Depending on the pitch different
regions vibrate and it is the place of vibration which determines
the appreciation of the pitch. The stimulus is carried upto the
brain by the cochlear portion of the VIII nerve or auditory
nerve and forms the lateral leminiscus and ends in the media]
geniculate body. Because the medial and lateral geniculate
bodies are near each other visual and auditory radiations can
be co-ordinated. The auditory radiations ultimately end in
the temporal lobe, which is the highest centre for hearing.

Olfaction

The olfactory sense is a true chemical sense. Unless the
molecule of the odoriferous substance get dissolved in the secretions )
of the nasal mucous membrane and comes into intimate physical
contact with olfactory cells, it is not possible for anybody to appre-
ciate the sense of smell. This is the cause of the loss of the sensation
of smell in common ¢old (where there are no secretions).

P/

The olfactory eipthelium lies' in

1 the upper most part of the nasal-

cavity and differs from the respira-

tory epithelium in its appearance.

It is brownish in colour and con-

sists of bi-polar nerve cells, with

supporting columnar cells and basal

@ () .., 3 cells. The bi-polar nerve cells are

' the essential end-organ cells and

their axons end in the olfactory

vesicle. From here they proceed

through the cribriform plate of

the ethmoid bone to end in

Fig.28 - olfactory glomerni.

Olfactory Epithelium ’ '

1. Hairs 2. Bipolar cell The olfactory tract  which

3. Supporting cell starts from there goes to the
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centre for smell. The sense of smell is closely associated with’
that of taste so that it has been nicknamed as “taste at a dis-
tance”. Actually what is meant by the term flavour is the com-
“bined effect of taste and smell,

Loss of sense of smell is known as Anosmia. Hyperosmia
is the morbid sensitiveness to odours. It occurs in hysteria, in.
raised pressure etc. ,

Taste

Taste is also another chemical sense. Tongue is maijnly
concerned with taste sensation. Taste buds are the end organs .
of taste. There are mainly four taste sensations such as sweef,
salt, sour and bitter. Sweet and salt are chiefly at the tip, sour
at the sides and bitter at the back of the tongue.

Fig. 29 Fig. 30

Tongue Taste Buds
15 Sour 2, 4-Salt 1. Gustatore Pore 2. Supporting Cell
3. Sweet 3. Neroepithelial cell 4. Nerve
Taste buds

Taste buds are oval about 70 # long and 50 # broad.
Vessels and nerves enter through the bottom. Taste bud is made
up of two types of cells (a) neuro epithelial cell or taste cells. These
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are fusiform in shape and contain hairs; (b) supporting cells found
in between the taste cells.

The substance to be tested must be in solution. Normally
saliva acts as the solvent. It has been calculated there are about
9000 taste buds in man. The sensation of taste is carried mainly
by the chordae, tympani branch of the facial nerve and the glosso-
pharanyngeal nerve and ends in the inferior part of the
post-central gyrus of the cerebral cortex.



CHAPTER II

Foods and Nutrition
NUTRIENTS

Nutrition and Health

Man can live in happiness without many earthly possessions
. but not without good health. Health means complete physical,
mental and social well being which enables a person to live most
and serve best. Good nutrition is necessary for good health.
The body is the product of its nutrition. What is nutrition? It
has been defined in many ways. Nutrition is the combination of
processes by which the living organism receives and utilises the
materials necessary for the maintenance of its functions and for the
growth and renewal of its components.

In the promotion and maintenance of health, the food we
eat, the way in which it is cooked and consumed and the various
factors which establish food habits and constitute the nutritional
status have a vital part to play.

There must be adequate food for all the people both in quan-
tity and quality. “Malnutrition arising out of deficiencies in both
food and nutrients is the cause of many diseases that are rampant
~ in our country. Malnutrition adversely affects mental and physical
development of children. This prevents the chances of their
becoming readers and writers. Malnourished children cannot
" concentrate on their studies. Early childhood nutritional
-deficiency makes the victim incapaciated for future life. Malnutri-
tion affects national productivity by placmg limits on individual
productivity.

Therefore, knowledge of nutrition and its relation to health
is necessary for good living.
What Foods Contain

The foods that we eat contain nourishing substances called
nutrients. They are — carbohydrates, proteins, fats, vitamins and
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minerals. Most foodstuffs contain more or less all the nutrients
but in varying proportions. Some foods like cereals, roots and
tubers like potato and yam, oil seeds and sugar and jaggery give
more energy than the others. Foods like dhal contain ‘protein.
Milk contains several nutrients. What exactly are these nutrients?
Carbohydrates, proteins and fats are needed in large amounts
and all of them supply energy to keep the body going. Vitamins
and minerals are requlred in very small amounts to regulate body
functions.

Energy

The human body is an engine, which can set free the chemicals
energy in fuels present in foods. These are carbohydrates, fats
and proteins. Since the body continually converts and replaces its
component parts energy is needed for the synthesis of new organic
substances in this continuing process of maintenance. The body
also has to have energy for physical growth and internal work,
such as the action of. the heart in circulating the blood and the
movements of the diaphragm in. breathing. Additional fuel is
needed for external work performed by the muscles such as moving
the body about, maintaining its posture, lifting and carrying loads,
and the varied physical activities of everyday life.

It is customary %o express the energy content of foods and the
energy requirements of man and animals in terms of kilocalories.
A Kkilocalorie (kcal) is defined as the amount of heat required
to raise the temperature of a litre of water from 15°C to 16° C.
The new term for quantitatively expressing. energy is Joule. One
kllocalorle is equal to 4. 134 kilojoules (kj).

The approximate energy value of the body fuels are the follow-
ing: for carbohydrate, 4 kcal or 16.7 kj per gram; for fat, 9 kecal
or 37.7 kj per gramy for protem 4 kcal or 16.7 kj per gram. These
are not values.

Energy Requirements of Adults

The energy requirements of persons of different occu-
pation, age, and size can be considered by reference to a man
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and woman 25 years of age and weighing 55 kg and 45 kg respec-
tively. Assuming that one spends eight hours each in bed, at work
and in non-occupational activities, the total energy expenditure of
men and women can be calculated.

The energy expended during the eight hours at work is thus
determined by occupation and affected only to a small degree by
the individual. A rough classification of the different occupations
by level of activity is given below.

Light (Sedentary)
‘Men:  Office workers, lawyers, doctors, teachers, architects.

Women: Housewives, teachers and professional.

Moderately active

Men: Most men in light industry, students, farm workers, sold-
iers, fishermen.

Women : Industrial workers, housewives, students and shopkeepers.
Very active (Heavy work)

Men: Some agricultural workers, forestry workers, mine
workers, steel workers and athletes.

Women: Some farm workers, dancers, athletes.

Excei)tionally active

Lumberjacks, blacksmiths, rickshaw pullers.

~* The energy expendityre per hour by men and women for
light work is 140 and 100 Kcal respectively; for moderately active
work, 175 and 125 kcal and for very active work, 240 and 175
keal and for exceptionally active work 300 and 225 kcal.

In addition to physical activity and to the type and nature
of non-occupational activities, the energy requirements of indivi-



58
duals vary chiefly according to (a) body size and composition and
(b) age. _

Body size and composition

. Energy expenditure may be influenced by the effect of body
size and composition on (a) resting metabolism (b) the physical
activity (c) the physical efforts and the quantity of adipose tissue
in his body.

Age

The energy expenditure of adults may alter with age because
of (a) changes in body weight (b) a decrease in the basal metabolic
rate (c) a decline in physical activity and (d) an increasing prevalgnce
of disease and disabilities.

Calorie inadequacy

Underweight results when the energy intake does not fully
meet the energy requirements. This occurs commonly in people
who are very nervous and who get little rest. Irregular eating
and poor selection of foods are responsible for an inadequate
calorie intake. In underweight individual, the resistance to disease
is lowered, growth during childhood retarded, eﬂicmncy is impaired,
fatigue sets in easily.

Energy requirements

Infants : The energy requirements of infants during the first
six months of life can be estimated from the observed
intakes of breast fed infants who are growing normally.

Children and adolescents: Recommendations for the energy
requirements of children are based mainly on measurements of
the actual food intakes of healthy. children who are growing
normally.

During adolescence both girls and boys grow at a faster
rate than at any other time except in infancy.
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.. Pregnancy and Lactation: During pregnancy extra energy
is needed for the growth of the foetus as well as the placenta
and associated maternal tissues, and for ‘the increased cost of
movement for the heavier mother. Since a reserve energy of
36,000 kcal deposited as fat during pregnancy is available for

lactation, the additional energy requirement for lactation will be
550 kcal per day.

Selection of food for enmergy

More foods from the cereal gtouR will not only increase the
caloric intake but will enhance protein, iron and B complex level
of the diet. Fats and sugars are concentrated sources of energy
and may be used to rapidly increase the caloric level of the diet.
Fats and sugars do not contain protein minerals and vitamins.
When they constitute a large proportion of the total calories in the
diet there is a danger of other nutrients not being met.

CARBOHYDRATES

Carbohydrates are simple sugars or substances that can be
reduced to simple sugars by hydrolysis.  They are made up of
carbon, hydrogen and oxygen, the last two being in the proportion
to form water—hence the term carbohydrate. ’

Classification of Carbohydrates

« The carbohydrates in food may be classified intgi three
groups as given below

I. Monosaccharides

These are simple sugars and are the smallest of the carbohy-
drate molecule. They cannot be split further. They are easily
soluble in water. The three important monosaccharides or
single sugars are glucose, fructose and galactose.

Glucose: Glucose is sometimes called dextrose group sugar
or corn sugar. This is the only sugar known to exist in the
free state in the fasting human body. Glucose is a reducing



60

agent. It can reduce alkaline copper compounds. Few
natural foods except some fruits such as grapes contain more
than traces of free glucose.

Fructese: Fructose is also known as levulose or fruit sugar.
It is found in free form in some fruits and also in honey.
Fructose is sweetest of all sugars.

Galactose: Galactose results from the hydrolysis of lactose
or milk sugar. It does not occur in the free state in nature.

II. Disaccharides

Disaccbarides or double sugars are formed when two
monosaccharides unite or condense together with the elimina-
tion of one molecule of water. They are split to simple sugars
by hydrolysis and by digestive enzymes. The three important
sugars in this group are:

Sucrose: Sucrose the table sugar is found in sugarcane,
sugar beets, sorghum cane and in many fruits and vegetables.
Sucrose on hydrolysis yields glucose and fructose.

Maltose: Maltose or malt sugar is found in malted
products such as cereals and beer. It is formed from the
breakdown of starch in malting of barley. Maltose - on
hydrolysis yields two molecules of glucose.

Lactose: Lactose or milk sugar is produced only by mammals.
It is derived from two monosaccharides linked together, one of
which is glucose and the other galactose. It is not very soluble
and is much less sweet than the other single or double sugars.

M. Polysaccharides

Polysacharides are complex compounds. They are not as
crystalline as mono and disaccharides. They are generally inso-
luble. As the name indicates, these are formed by the condensation
of many monosaccharide units with the elimination of water.
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Starch: Starch is the form in which plants store carbohydrate
and this is the primary source of energy in the diet. Cereal grains,
seeds, roots, potatoes, green bananas and other plants contain
considerable starch. It is insoluble in cold water but in boiling
water the cell walls are ruptured, the starch abosorbs water and
thickening results. The starch molecule can be broken down by
heat, enzymes or acids to intermediate products called dextrins
and finally to glucose.

Cellulose: Cellulose is the fibre on which green plants
depend for support. It is present in wood, stalks, leaves, skins
of fruits, the coverings of seeds and bran of grains. Cellulose
like starch is made entirely of glucose. It does not disperse in
water and is resistant to hydrolysis by acids and enzymes in the
human gut.

Hemicellulose:  Hemicellulose belong to the walls of plant
cells. On hydrolysis they yield monosaccharides or mixtures of
monosaccharides and disaccharides. Man has no ability to
digest hemicellulose. It contributes to roughage that passes
undigested.

Glycogen: Glycogen is the animal equivalent of starch
and is found in human tissues. Liver is the principal store
house of glycogen. Excess sugar in the body is converted into
glycogen and stored in liver or muscles. Glycogen can be broken
down to glucose later to yield energy.

Functions

Carbohydrates supply potential energy. Each gram of
carbohydrate yields four calories. Dietary carbohydrate has a
protein sparing action. The body will use carbohydrate as a source
of energy if it is adequately supplied, sparing the protein for
synthetic purposes. A certain amount of carbohydrate is necessary

-in the diet so that the oxidation of fats can proceed normally.

Digestion and absorption

Most of the digestive action on carbohydrates takes place
in the small intestine. Simple sugars are ready to pass through
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the absorbing walls of the digestive tract as soon as they reach the
small intestine. The double sugars are carried one step in diges-
tion to become simple sugars. Starches are broken down finally
to glucose. The simple sugars are carried by blood stream to
liver and to the tissues. There is no chemical change in fibre
in the human digestive tract. Fibres are broken down and excreted.

Daily allowance

The Indian Council of Medical Research makes no exact
recommendation for carbohydrate. At least 50-60 per cent of the
dietary calories can come from carbohydrates.

PROTEINS

Proteins are indispensable constituents of living protoplasm
and as such participate in all vital processes. Proteins are large
molecules made up of nitrogen containing amino acids that are
linkedftogether by a peptide linkage. Some amino acids are not
essential as they are synthesized by the body. Whereas some
are indispensible or essential they must be supplied by
the diet.

Functions
1. Proteins are essential for growth.

2. The body is constantly undergoing wear and tear which
is repaired by proteins.

3. Proteins supply raw materials for the formation of diges-
tive juices, - hormones, plasma, proteins, haemoglobin,
vitamins and enzymes.

4. One gram of protein supplies four kilocalories of energy.

5. Proteins function as buffer, thus ‘helping to maintain the
reactions of various media.
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Classification

Proteins can be classified as either animal proteins or vegetable
proteins. Animal proteins contain more of the essential amino
acids than vegetable proteins and in general have a higher nutritive

~value. More recent knowledge of the biological differences among
-amino acids has lead to the classification of proteins as biologically
complete or as biologically incomplete.

~ Complete protein '

A 'biologically complete protein is one which contains all of
the essential amino acids in adequate amounts to meet human
requirements.

Incomplete protein

. A biologically incomplete protein is deficient in one or more
of the essential amino acids. This deficiency may be either abso-
lute or relative. Most of the vegetable proteins lack one or more
of the essential amino acids and are thus classified as biologically
incomplete proteins although mixtures of vegetable proteins may
present all the amino acids in adequate quantities.

Digestion and absorption

After ingestion, dietary proteins are acted upon by proteolytic
enzymes like pepsin, trypsin and chymotrypsin and converted into
amino acids, which are absorbed and used for tissue synthesis or
the formation of enzymes, certain hormones and other proteins
of special significance.

Requirements

All estimates of protein requirements are valid only if energy
requirements are fully met. If not there is a possibility for the
protein to be utilised for energy purposes. Soyabean, groundnuts,
pulses, oilseeds and nuts also provide protein. Recently proteins
from leaf have been processed and efforts are being made to
popularise them.
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Deficiency

A reduced protein intake over an extended period of time
leads eventually to depletion of the labile tissue reserves and then
to lowering of blood protein levels. The speed with which the
deficiency develops depends upon the quality and quantity of the
protein intake, the calorie intake, the age of the individual and
other factors.

Kwashiorkor is a public health problem occuring in infants
of underdeveloped countries. It occurs mostly in infants after
weaning when the diet which replaces the mother’s milk is markedly
deficient in protein but high in carbohydrate especially starch.
Kwashiorkor has its highest incidence between the ages of one
and four years when the need for essenetial amino acids for tissue
synthesis are great. The classic symptoms include growth failure,
retarded development, loss of appetite, mental apathy, oedema,
diarrhoea, pellagra, skin lesions and colour and texture changes of
the hair. There may be various vitamin deﬁ01enc1es Anaemia is
frequent and is aggravated by worm infestations.

- In protein deficiency in adults, blood proteins are lowered
and loss of weight occurs. Oedema, anemia, liver troubles, deceased
resistance to infections and reduced muscle tone follow. Infections
and infestations affect protein requirements during infancy. Need
for protein in childhood and adolescence are greater than those
of adults due to the growth.

When breastfed by a healthy well nourished mother with
normal lactation, the. new born child consumes adequate amount
and quality of dietary protein to meet this protein requirements.
After the age of five when the growth rate slows down a child
thrives on a normal diet with adequate protein.

The nutrition of the pregnant woman has an important
influence on the course of pregnancy and the health of the infant.
The pregnant woman requires an additional allowance of good
quality protein such as that of milk or egg to cover the extra needs,
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The additional protein needed by the lactating woman can
be estimated from the volume and composition of the milk secreted.
During the first six months the average volume of milk secreted is
850 ml per day. As human milk contains an average of 1.2 grams
of protein per 100 millilitres, the protein content of the daily secre-
tion is about 10 grams. An additional allowance of 17 grams of
good quality protein of the same covers the extra needs.

Sources

Cereals supply the largest amount of ‘proteins in the diet in
under developed areas. Animal foods provide proteins of high
biological value.

FATS

Fats are made up of essential and non-essential fatty acids
and glycerol. They are the most concentrated form of all energy-
giving foeds. :

Functions

(1) Fat supplies 9 kcalories per gram. (2) Vegetable fats
provide essential fatty acids such as linoilec and arachidonic acids,
(3) Being concentrated fuels, fats reduce the total bulk
of food in the meals. They lend staying power to food
and add satiety value because they are digested and
absorbed slowly and therefore remain in the stomach for a longer
period. ‘4 They are stored in the body to be used as reserve in
times of need and emergency, such as starvation and sickness.
(5) Fats act asa padding material and give protection against -
injuries to the vital organs such as liver, heart etc. (6)-As an
insulating material fats guard the body against cold and heat.
(7) Fats give roundness, beauty, shape and contour to the body.
(8) Fats are solvents for vitamins A,D, E and K. (9) They add
to the taste, texture and flavour of food.

Deficiency

Like vitamins, the essential fatty acids also play a role in
several metabolic reactions and a deficiency of these acids in the

HS—5
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diet leads to a skin condition known as phrynoderma in which
skin becomes rough, and thick, horny papuls of the size of a pin-

head erupt in certain areas of the body, notably thigh, buttocks,
arms and trunks.

kequirements

The quantity of fat that should be included in a well-balanced
diet is not known with any degree of certainty. But a total of
about 40-60 g. of fat can therefore be consumed daily which should
include 15 g. of vegetable oils.

Sources

Vegetable oils, oil-seeds, nuts, butter, ghee and fatty meat
provide fats.

MINERALS

By the term minerals we mean the elements in their simple
‘inorganic form’. In nutrition they are commonly referred
to as mineral elements or inorganic nutrients. There are
many mineral elements. Approximately 17 have been proved
essential in nutrition. The essential - minerals have been
classified as macro nutrient elements and the minerals of
the body include calcium, phosphorous, potassium, sulphur,
sodium, chlorine, magnesium, iron, zinec, selenium,
manganese, copper, iodine, molybdenum, cobalt, chromium,
fluorine and traces of other minerals. They exist in the.
body and food in organic and inorganic combinations. Only
four per cent of man’s weight is in the form of minerals.

Functions

Mineral elements have many essential roles both in their
ionic forms in solution in body fluids and as constituents of essen-
tial compounds. The balance of mineral ions in body fluids
regulates the metabolism of many enzymes, maintains acid base
balance and osmotic pressure, facilitates membrane to transfer
essential compounds, maintains nerve and muscular irritability
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and in some cases as building constituents of body tissue. In-
directly many minerals are involved in the growth process; other
minerals have no known functions.

Calcium

Calcium is by far the most abundant mineral element in the
body about 99 per cent of it occurring in the bones and teeth. The
one per cent not contained in bones and teeth is present in
blood, extracellular fluids and within the cells of soft tissues
where it regulates many important metabolic functions.

Functions

In addition to the major function of calcium to build
and maintain bones and teeth, the remaining one per cent
of the body’s calcium which is found in the body fluids and soft
tissues is principally in ionic form and has-important metabolic
functions. It is necessary for the activity of certain enzymes, in
release of energy for muscular contraction.

In the blood clotting process, calcium must be present. Calcium
controls the permeability of the cell membrane to various nutrients.
‘'For normal nerve transmission and regulation of the heart beat
calcium is required. Calium together with correct amount of
sodium, potassium and magnesium maintain muscle tone and
muscle irritability. '

Absorption and utilization

Calcium absorption in human is very inefficient. Usually
only 20to30 per cent of the ingested calcium is absorbed.
About 70 per cent is unabsorbed and is excreted in the faeces.
Most of the absorption of calcium occurs in the upper part of
the small intestine.

Many factors favour calcium absorption. Vitamin D is required
for efficient absorption of calcium. Calcium is made soluble by
acids. The hydrochloric acid secreted in the stomach provides
the acid medium which favours absorption. In the presence of
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lactose absorption of the mineral is improved.  Fat in moderate
amounts moving slowly through the digestive tract facilitates
absorption. When the intake of protein is high, the action of

certain amino acids upon the formation of soluble complex with
calcium facilitates calcium absorption.

There are many factors which depress the absorption of calcium.
Lack of vitamin D decreases or prevents the absorption of calcium.
Excessive intake of dietary fats lead to poor absorption. In an
alkaline medium calcium will form insoluble compounds which
cannot be absorbed. Stress and immobilization also hinder
absorption and the ratio of elements. Excess of either one in the
dietary causes poor absorption.

Effects of deficiency

Suboptimal intakes of calcium may result in retarded calci-
fication of bones and teeth in the young. Such deficiency leads to
stunted growth and bones become soft and fragile. Rickets
develop in children as evidenced by bowing of legs, enlargement
of the ankles and wrists and a hollow chest. Adult rickets or osteo-
malacia are seen in adults; with advancing age the bones become
fragile and may break more easily. If this process is accelerated
it gives rise to the disease known as osteoporosis common in old

people in all countries, which may cause great pain and eventual
disability.

Requirements

'

An adult requires 0.4 to 0.5 gram of calcium per day. The
requirement is greatly increased during pregnancy and lactation.

Children require adequate amounts of calcium for strong bones
and growth.

Sources - .

Milk and cheese are the richest sources of clacium; certain
green leafy vegetables like spinach, amaranth and drumstick are
also rich sources. In fish, it is as low as 10 per cent. Meat and
cereal grains' with the exception of ragi are poor sources.
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Phospherus
\

Phosphorus ranks nekt to calcium in the total amount of
mineral present in the body and constitutes about one fourth
of all body minerals. About 80 per cent is in the form of insoluble
calcium phosphate crystals that give strength and rigidity to bones
and teeth. The remaining phosphorus is distributed in every
cell in the body and in the extracellulor fluid in combination with
carbohydrates, lipids, proteins and a variety of other compounds.

Function

Phosphorus has numerous functions in the body beyond its
important part in the structure of bones and teeth more than
any other mineral element. It occurs in nerves, nerve cells and
the brain. It is necessary in the metabolism of glucose. It is
a component of adenosine triphosphate which supplies energy
for muscle contraction. It is also constituent of enzymes that
participate in the metabolism of carbohydrates and fats, It plays
an essential part in regulating the neutrality of the blood.

Absorption

Normally about 70 per cent of the phosphorus ingested in
food is absorbed. Most favourable absorption takes place when
calcium and phosphorus are ingested approximately in equal
amounts. The factors that aid or prevent the absorption of
calcium act essentially in the same manner with regard to
absorption of phosphorus.

Requirements

The daily intake of phosphorus should at least equal that
of calcium for all age groups except the young infant. The phos-
phorus allowances for young infants to one year of age are slightly
less than those of calcium. Because phosphorus is widely distri-
buted, there is little possibility of a dietary inadequacy, if the food
contains adequate protein and calcium.
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Sources

Meat, poultry, fish and eggs are excellent sources of phos-
phorus. Milk and milk products are good sources as are nuts
and legumes. =

Iron

Iron is present in the body in relatively small amounts (3 to 4
grams) of which more than two thirds is present in haemoglobin,
the pigment of red blood cells. The rest of the iron in the body is
present as a reserve store in the liver and to a lesser extent in the
kidney and spleen.

Functions

Iron is one of the mostimportant elements in nutrition and
of fundamental importance to life. Iron is a component of haemo-
globin, myoglobin, the cytochromes, catalase, peroxidase and
certain other enzymes. It serves important functions in oxygen
‘transport and cellular respiration.

The red blood cells and the pigment within are broken down
and replaced every 120 days but the liberated iron is not excreted
as most of it is utilized to form new haemoglobin.

Absorption v . ,

Absorption of iron can take place from the stomach and
throughout the whole of the small intestine; however the greatest
absorption occurs in the upper part of the small intestine.

It is estimated that only 15 to0 30 per cent of the iron in food
is absorbed by normal adults. From 2 to 10 per cent of iron in
vegetables and from 10 to 30 per cent of iron from foods of animal
origin can be absorbed. Ascorbic acid, sulphydryl groups and
similar reducing substances facilitate the absorption of ingested
iron. Iron absorption is increased in haemoglobin synthesis—for
example following haemorrhages or resulting from anemia. Absorp-
tion alse inereases during growth and pregnancy. Phytic acid
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and excess of phosphates may impair iron absorption because of
the formation of insoluble iron salts which pass through the intes-
tinal tract without being absorbed.

Effects of deficiency

Inadequate dietary intake of iron by growing children, by
adolescent girls or by women especially during pregnancy and
in lactation will produce nutritional anemia, characterized by a
decrease in the amount of haemoglobin and by small pale red
blood cells, depleted iron stores, and a low plasma iron content.
The number of red blood cells may also be reduced. Iron defi-
ciency anemia is a medical and public health problem of primary
importance causing a few deaths but contributing seriously to the
weakness, ill health and substandard performance of millions of
people.

Requirements

Infants are born with a small reserve of iron. In the case of
infants the iron requirements should not only compensate for
basal iron losses but also provide for an increase in haemoglobin
mass.

In pregnant woman iron is required not only to replace basal
physiological losses but also to allow for expansion of the red
blood cell mass and to provide for the needs of the foetus and pla-
centa; The net cost of pregnancy is 565 mg of iron. The iron
secreted in breast milk has beenggstimated to be 0.25 mg per day
and an additional requirement of 12 mg of iron daily will meet
the demands of lactation. The increased requirements of iron
during pregnancy and lactation can easily be met by the normal
additional needs for menstruation. Since there is a cessation of
menstruation during pregnancy and early lactation, the allowances
for non-pregnant and non-lactating women of child bearing age
suffice during pregnancy and lactation.

Sources

Of all nutrients, the iron allowance is most difficult to provide
in the diet. Approximately equal contributions to the daily iron
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intake are made by meat, poultry and fish, whole gram or enriched
cereals and breads, and green or yellow vegetables. Certain
fruits, peaches, apricots, prunes, grapes and raisins are excellent
sources of available iron if they are eaten fairly often. While
fruits and other vegetables, including potatoes, contain lesser
concentrations of iron, the daily intake of these food groups may
be- sufficiently high to account for important additions to iron
intake. )

Todine

Iodine is an essential nutrient for man becauyse it is an integral

- component of the thyroid hormones, thyroxine and triiodo thyro-

nine, both of which have important metabolic roles. The body
normally contains 20 to 30 mg of iodine.

Function

Todine functions as a contituent of thyroxine and other com-
pounds synthesized by the thyroid gland. This is apparently the
only role of iodine in"the human body.

Absorption

TIodides are readily absorbed and excreted chiefly in the urine.
Todides absorbed from the intestinal tract are rapidly transported
via the blood stream to the thyroid gland where they are oxidised
to iodine and incorporated into the throxine molecules of thyroglo-
bulin, converting them to thyroxine and triioidothyroxine.

Effects of deficiency

In the absence of sufficient iodine, the gland attempts to
compensate for the déficiency by increasing its secretory activity
and this causes the gland to enlarge. Ths condition is known as
simple or endemic goitre. Endemic goitre of varying degrees is
found among certain population groups whose sources of dietary

_iodine are limited. Foods grown on iodine poor soil contain
insufficient iodine to meet human needs. The amount of iodine
in the local drinking water may be regarded as a measure of iodine
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content of soil. Endemic goitré does mnot occur when the
iodine intake by adults ranges upwards from 0.075 mg per day.

Hypothyroidism which develops in foetal life or early infancy
is referred to as cretinism. The two main causes for cretinism are
insufficient thyroid in the new born because (1) the structure
is.defective or (2) the iodine intake of the mother has been inade-
quate. The face is puffy and there is a dull expression. There is no
social smile. They have enlarged tongue. They are very
lethargic and there is a tendency towards overweight.

Hypothyrodism acquired prior to adolescence is known as
Jjuvenile myxedema. It usually is suspected in an older - child
when he begins to lag or drop behind in school, loses interest,
tires easily and has definitely delayed growth and development.

Requirements

The optimum daily requirement of iodine is 0.14 mg for an
adult man and 0.10 mg for an adul twoman. Growing children
and pregnant and lactating women need more. The need for
iodine increases in pregnancy because the foetus must derive its
iodine requirement from the mother. Maternal iodine is lost
during lactation through secretion in the milk, so the minimum
iodine requirement increases to almost one and a half times normal.

Sources

Among natural foods, the best sources of iodine are sea foods
and vegetables grown on iodine rich soil. Dairy products and
eggs may be good sources if the producing animals have access
to iodine enriched rations. Most cereal grains, legumes and roots
have low iodine content.

Of the various methods that have been proposed for assuring
an adequate iodine intake, especially among populations in iodine
poor regions, the use of iodized salt (1 part potassium iodide to
10,000 parts of salt) has thus far proved to be the most successful
and therefore the most widely adopted method.
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Fluorine

Fluorine is normally present in the bones and teeth, and a
proper intake of this element is essential for maximum resistance
to dental caries or decay. For these reasons fluorine is consi-
dered as essential nutrient. The beneficial effects of fluorine in
the prevention of dental caries is particularly evident during infancy
and early childhood and persists throughout adult life.

Intake of Fluorine

Fluorine is widely but unevenly distributed in nature.—It is
found in many foods, but sea foods and tea are the most significant
dietary sources. An average daily diet provides 0.25 to 0.35. mg
of fluorine. In addition, the average adult may ingest 0°1 mg
daily from drinking and cooking water that contain 1 ppm of
fluorine. For children of 1-12 years old, water may contribute
anywhere from 0.4 to 1.1 mg of fluorine per day.

Fluoride Excess

The fluoride content of water increases, sometimes excessively,
when it passes through rocks and through soils of certain composi-
tion. Use of such water supplies leads to dental fluorosis,
characterized by motiling of the enamel of the teeth. This condi-
tion is endemic in a number of communities where the natural
water supply contains more than 2 ppm of fluoride. The fluoride
content of such water can be reduced by iron exchange treatment.

Other trace elements essential for Human Nutrition

“Trace elements other than iron, iodine and fluori