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G CE 'O LEVEL LESSON 11

EpMAN BI OLOGY

The Circulatory sttemPart 111

This is the last of three | essons on the
circulatory system This |esson is about
The Functions of the Bl ood

A. The blood as the transport system of the
body.

B. The bl ood as the body’'s mai n defence system
In part A of this | esson we shall study the
ways in which blood transports various
subst ances around the body. In part B of the
| esson we shall study the ways in which the
bl ood fights bacteria which enter the body.
You shoul d go back to I esson 10 and revi se
the circulation of blood in the body again
bef ore you start to study this |esson.
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PART A

THE BLOOD AS THE TRANSPORT SYSTEM OF THE BODY

a) Blood transgorts oxygen around the body

The human body is quite large and i s conposed

of countless nunbers of cells. Mst cells in

the body are not near the surrounding air and
they cannot obtain their own supplies of oxygen
The lungs. therefore, have the job of obtaining
Oxygen for all other parts of the body. Once

the oxygen has been renpoved fromthe air by

the lungs it has to be carried to all parts

of .the body. It is the blood which picks up
oxygen fromthe lungs and carries it to every

cell in every part of the body.

As you learnt in lesson 9, the blood contains

vast nunbers of red blood cells. It is the job

of these red blood cells to carry oxygen and

they can do this because they all contain a
red- col oured chem cal called haenogl obin

(Haenogl obin is a special kind of protein

with ironinits molecule.)

Haenggl obi n has one remarkabl e property. Wen

it is in an area of high oxygen concentration
(much oxygen present) it picks up oxygen and
becones a substance cal | ed oxyhaenogl obin
HAEMOGLOBI N e OXYGEN- - 90OXYHAEMOGLOBI N

VWhen oxyhaenopglobin is in an area of | ow oxygen
concentration (little Oxygen present) it rel eases
its oxygen and becones haenogl obin once nore.
OXYHAEMOG DBI N- _ 9HAEMOGLOBI N e OXYGEN

This ability of haenpglobin to pick up oxygen
enables it to carry Oxygen around the body.

The lungs are an area of high oxygen concentration
When bl ood flows through the lungs in the pul nonary
circul ati on the haenoglobin in the bl ood picks up
oxygen and becones oxyhaenogl obi n. This Oxyahaeno-
globin in the blood returns to the heart and is then
punped out along the body circul ati on which carries
blood to all the tissues of the body.

The tissues of the body al ways have a | ow oxygen
concentration because they are constantly using
up oxygen during respiration. As the blood fl ows



through the capillary networks in these tissues

t he oxyhaenogl obin rel eases its oxygen and becones
haenmogl obi n once nore. The rel eased oxygen passes
out of the capillaries to the cells, which require
it to oxidise sugar during respiration. The
haenogl obin is returned to the heart and punped
out along the pulnonary circulation to the |ungs
where it can pick up another supply of oxygen.
This process repeats itself continuously throughout
one’'s life.

The transport of oxygen in the body is

sunmari sed in the follow ng di agram

HAEMOGLOBI N | S RETURNED I N THE BLOOD TO THE LUNGS
UCH OX YGEN L | TTLE OXYGEN

BODY TI SSUES

This is carried.

in Ha bbod.

b) Bl ood distributes-heat around the body

The liver is the largest and nost active

organ in the human body. The chem cal processes
taking place in this organ produce much heat.

As bl ood flows through the liver it becones

warner as it picks up heat. This warnmer bl ood

will eventually beconme cooler as it passes

through cool er parts of the body.

VWhen nuscl es are doing work, (i.e. when the body

i s being noved), they produce a |l ot of heat. Sone
of this heat is carried to cooler parts of exhe body
(less active parts of the body).



You can see that the blood helps to distribute
heat evenly throughout the body and prevents the
bui |l d-up of too much heat in any one area.

The tenperature of the normal human body is
approxinately 370C. You will see in a |ater

| esson how the blood carries unwanted heat to the
surface layers of the skin where it can be | ost

by radiation.

c) Blood transports food materials

The di gestive system prepares food for use in

the body by digesting the conplicated food substances.
The sinpl e substances, which are the products of

di gestion, are assimlated through the wall of the
small intestine. It is the job of the blood to

di stribute these sinple food substances to the parts
of the body where they are required. (You should
check in |l esson 8 about the assimlation and use of
food in the body.)

d) Blood transgorts waste Eroducts.

Hundreds of chem cal reactions are constantly
taking place inside each cell in the body. Many

of these chem cal reactions produce waste products
which would, if they were allowed to accumul ate, be
poi sonous to the cells. These waste products
normal |y pass out of the cells into the [ynph and
are carried away before they can build up to a
dangerous | evel. The |ynph eventually drains into
the bl ood which then carries the waste products

to the excretory organs of the body.

The excretory organs of the body are the |ungs,

ki dneys, sweat glands and liver. Their jOb is to
renove harnful waste products fromthe body and
pass themto the outside. The process of renoving
wast e products fromwi thin the body is called
excretion; you will learn nore about this process
and about the excretory organs in a later |esson
You have now | earnt about four ways in which

the bl ood transports substances around the body.

O her substances, which will not be nentioned
here, are also carried around the body by the

bl ood but the four topics in the first Section

of this |l esson are the nost inportant.
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EXERCI SE 1

(1) The red chemical in red blood cells is

call ed

This chemi cal contains the mnera

(2) A high concentration of oxygen is found

in the .

(3) is the process of

renovi ng waste products fromthe body.

(4) The four excretory organs of the body

are the

and

(5) Waste products pass out of the cells into

t he

(6) The npbst active organ in the body is the
PART B

THE BLOOD AS THE BODY' S MAI N

DEFENCE AGAI NST DI SEASE

In this part of the |lesson we are going to study
the different ways in which the blood defends the
body agai nst bacteria and other foreign substances
whi ch invade the bddy.

1. Wiite blood cells destroy bacteria

Wiite blood cells are the body' s defence agai nst
i nvaders. They have the follow ng three
characteristics,which give themthe ability to
carry out this function.

(a) Wiite blood cells, mainly granul ocytes,

can form"false feet" and nove through the

body to the site of invasion by bacteria.
These"fal se feet" are call ed Eseudopodi a
(singular - pseudopodi um. A pseudopodiumis
fornmed by the cell wall bul gi ng outwards and
cytoplasmflowing into it. As the cytoplasm
flows into the pseudopodi umthe whole cells
noves forward.
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This nmethod of nmovement is often called
"anmpeboi d novenent" and white cells nmove in
this way to the site of invasion by bacteria.
(b) Wiite blood cells, mainly granul ocytes, can
i ngest bacteria. (To ingest neans to take into
the cell). This is done by the white bl ood cel
pushi ng out pseudopodi a and surrounding the
bacteria. The bacteria are then drawn into
the body of the white blood cell and destroyed.
This process is called Ehagocxtosis. (A
Ehagocxte is any white bl ood cell which can
i ngest bacteria)
pseudopodua .
Bacteri a pseudopodaa Surround the, hoorerno
bocreric I ngesred
Any one white blood cell can ingest as nany
as 10-20 bacteria and destroy them
(c) Wiite blood cells, mainly | ynmphocytes3
produce anti-toxins and anti bodi es W hh
i nactivate or destroy bacteri a.
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Sone bacteria produce chem cal substances called
toxi ns which can harmthe body's tissues. Wite
bl ood cells can make anti-toxins which are chem ca
subst ances whi ch make toxins harnmnl ess.

Wiite blood cells also produce anti bodi es. These
are special kinds of chemical substances which

i nactivate or destroy bacteria. More will be said
about antibodies in a later part of this | esson
when we di scuss imunity.

An exangl e of what nay haREen when the bodx is

i nvaded.

Let us consider a very sinple case of the

body bei ng i nvaded. Suppose a dirty splinter

of wood breaks through the skin. Adirty
splinter will have bacteria on it.

1. Wiite blood cells nove in |arge nunbers to
the site of the invasion

2. The white blood cells forma wall around

the splinter to prevent the spreadi ng of

toxi ns and bacteri a.

3. The white blood cells attack and renove the
bacteri a by phagocytosis.

4. The white blood cells also break down and
renove damaged skin cells by phagocytosis.

They will also try and break down the

splinter itself.

5. Some white cells may be killed by the toxins
whi ch have been produced by the bacteria.

Dead white blood cells, danaged tissue

cells and bacteria collect in the invaded

area and form PUS

6. If the splinter of wood is renoved, the pus

i s discharged fromthe body.

7. If the splinter is broken or anything

happens to close in the pus an abcess my

be formed under the skin. The abcess will

get larger and eventually it will burst.

VWhen the abcess bursts the pus and the

splinter will be discharged fromthe body.



As you have seen fromthe previous exanple the
white bl ood cells recognise substances which are
foreign to the body. The white bl ood cells attenpt
to destroy any foreign substance which enters the
bodv. Particular attention has to be paid to this
fact when transfusions of blood fromone person to
another are given. In a later section of this

| esson you will |earn about blood transfusions and
bl ood groups.

2. Blood clotting

You will have seen your own blood clotting. If

you out yourself you bleed. At first the blood
flows freely. Then it slows down and sets into a
jelly. After a time it shrinks and becones harder
The clot seals the cut in the skin and stops the
bl eedi ng.

Bl ood clotting is useful to the body in two ways:
a) It seals ofi the cut ends of small bl ood
vessel s and prevents the body from ]l osing

too much bl ood.

b) It quickly seals off a cut in the skin to
prevent | arge nunbers of bacteria from

entering the body. (Bacteria cannot pass

t hrough heal t hy undanaged ski n)

If you |l ook at a bl ood clot under a microscope

you see a mass of fine thread-1ike fibres. Trapped
inthe fibres are white blood cells, red bl ood
cells and broken pl atel ets.



The threads in the clot are nmade froma protein
called FIBRIN. Alot of the fibrin threads seem
to conme fromthe broken platelets.
Bl ood clotting does not nornally take place
unl ess the blood is exposed to the air. It is
dangerous if blood clots are fornmed inside the
bl ood vessel s because these clots may bl ock- of f
the bl ood vessel s and cause serious damage to the
body.
Fibrin cannot normally be present in the bl ood
because it woul d harden and formclots. There is
a soluble protein in the bl ood call ed FI BRI NOGEN
whi ch can be changed into fibrin by an enzyme
called THROVBIN. Thronmbin also is not normally
present in the bl ood because an enzyne anti -
thronbin causes its destruction. The thronbin is
carried in the blood in an inactive formcall ed
PROTHROMBI N. So the chem cal s prothronbin and
firbinogen alongwith anti-thronmbin are al ways
found in the bl ood.
VWhen the skin is cut blood | eaks out of the
cut bl ood vessels and is exposed to the air
Thi s causes danaged bl ood pl atel ets, blood vessels
and tissue to rel ease a substance called
THROMBOKI NASE i nto the bl ood. This thronmboki nase
plus the mineral calcium which is always present
in blood, cause prothronbin to change into thronbin.
The thronmbin then changes fibrinogen into fibrin
The fibrin hardens to formthe fibres which trap
bl ood cells and forma clot.
PR 0-770? onsw m puna
35,1360 TISJ' UL
04A C | UM THROVBOKI NASE /
FNHR |
(w P4 93/719) (ENTER' Puma) G D 5m', mum
.3!) H46!) PLATTLE".
7HKOH8/ N w P144719
THROVB/ N 4° F/ BR | NOGENgF/ BRI N
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3. Bl ood transfusions

Bl ood transfusi ons nmust be gi ven when nore than
40% of the blood in the body has been | ost. They
may al so be needed to provide haenogl obin for
infants suffering fromsevere mal nutrition. \Wen
it is mainly a question of restoring the vol ume
of blood in the body, as in the case of burns,
then plasma or serumtransfusion may be given.
Pl asma i s bl ood which has had the cells renpved
Serumis plasma which has had the fibrinogen
renmoved

.a) Transfusions of whole blood.

These nust be gi ven when both fluid and

red bl ood cells are needed.

(1) Whole blood will clot so an ANTI -

COAGULANT nust be added. This is a

subst ance whi ch prevents the clotting

process fromtaking place.

(2) Wol e bl ood rmust be stored at | ow
temrper at ures but does not keep wellfor

a long tine.

(3) Whol e blood fromone donor (the giver)
cannot be given to just any other person.

It can only be given to a recigient

(receiver) with exactl matchin bl ood.

There are different groups (types; of

bl ood. M xing of certain groups can

cause deat h.

b) Transfusi ons of Elasna or serum

These can be used whenever red blood cells

are not urgently needed.

(1) Plasma or serum do not have to be matched.
Pl asma from any donor can be given to

any recipient. Plasma can be given to

people with any type of bl ood.

(2) Plasma will clot and can only be stored
with anti-coagul atnt added. Serum wil |

not clot.

(3) Plasma and serum can be dried and stored
for a very long tine. Wen needed the

powder is just mxed with the correct

quantity of conpletely pure and sterile

wat er .



Earlier in this section you |learnt that bl ood

can be divided into different groups and that whol e
bl ood nmust be exactly matched with the recipients
bl ood before a transfusion can take place. You are
now goi ng to | earn about bl ood groups.

4. Bl ood G ouEs

A donor’s bl ood nust be exactly natched to that

of the recipient. Wat happens if it is not?

If the donor’s blood is of the erng group the

red blood cells of the donoxls blood will AGGEUTI _
NATE (ie. stick together in clunps) when it nixes
with the recipient’s bl ood.

COVPATI BLE, NO CLUMPS | NCOVPATI BLE, CLUWPS

Groups of blood which, when m xed. result in
agglutination are call ed | NCOVWATI BLE

Aggl utination is caused by the com ng together

of two factors.

(1) Afactor in the donor’s red blood cells.

This is called an aggl uti nogen, (also known

as antigen).

(2) Afactor in the recipient’s plasma. This is
called an agglutinin, (also known as

anti body).

Al'l peoples’ blood can be divided into 4 groups
accordi ng to what happens when they are m xed.

The groups are called A B. 0 and AB.



The aggl uti nogens and aggl utjnins found in the
di fferent bl ood groups are as foll ows.

GROUP A Aggl utinogen A Agglutinin b

GROUP B Aggl utinogen B Agglutinin a

GROUP AB Aggl utinogen A No Aggl utini

n

Aggl ut j nogen B

GROUP 0 No Aggl utinogen Aggl utinjn

aé&hb

Aggl utination takes place when aggl uti nogens and
agglutinins of the sane type are brought together.
(e.g. Agglutinogen A mixed with agglutinin a
causes aggl utination.)

1)OhJ()R S BL. OCDD

AB

<

a

LA)
N
2...Blou 0.

?1
0

—cooo!
° >

| COVPATI BLE (No munps)
X | NCOVPATI BLE ( cwps)
If you |l ook at the chart above you will see that
the follow ng transfusions are pcssible wthout the
bl ood aggl uti nati ng.
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GROUP A may receive blood from G oups A and O
GROUPB" """ " BandO

GROUP AB" " " " " ABABand O
GROUPONHHUUDO

Peopl e with group AB bl ood can receive bl ood of
all four types. They are called universal reciEients
Or universal acceptors.

People with Group O blood can give blood to al
four groups. They are called universal donors.

5 I MMUNI TY

It is of two types i.e. Natural and

Artificial

Nat ural | nmmunitx

Immunity to a di sease can be produced by having
the di sease and recovering. This is called the
natural imunity.

When bacteria enter the body they may cause a

di sease. The white blood cells in the body react
towards the invading bacteria as described on
pages 7 and 8 of this lesson. If the white bl ood
cells are succeSSful in their fight against the
bacteria the body recovers fromthe disease.

One of the methods used by white blood cells to
fight invading bacteria is to produce antibodies.
These are chemicals which inactivate or destroy
bacteria. Wen the body recovers froma di sease
the anti bodies, which were produced to fight the
bacteria causing the disease remain in the bl ood.
These antibodies will be present in the blood to
destroy bacteria of the same txge, should they try
to enter the body again, before these bacteria can
multiply sufficiently to cause di sease.



When anti bodies for a particul ar disease are
present in the blood, the body is said to be

| MVUNE to that particul ar disease.

Immunity to diseases lasts froma few days to
Iife depending on the particular disease. The

ant i bodi es produced to fight the comobn cold
virus remain active in the blood for between 5
and 10 days. After this time we can catch anot her
cold. The anti bodi es produced to fight the nmeasles
virus remain active in the blood for the rest of
our life. Once having had neasl es a person cannot
be infected with the di sease again

ARTI FI CI AL | MMUNI TY

Doctors, over the |ast 200 years, have di scovered
that it is possible to make a person i mune to
certain diseases without he or she having to suffer
the disease. This type of immunity is often called
the artificial imunitx.

Artificial imunity can be produced in three
separate ways. These three ways all depend upon
stimulating the white bl ood cells and are descri bed
bel ow.

1) Dead bacteria are injected into the body. The
white bl ood cells produce antibodi es agai nst
these bacteria just as if they were |iving.
Sonetimes, as in immnisation against polio-
nyelitis, the dead bacteria are eaten on a

| unp of sugar.

2) Living, but weakened, bacteria are injected
into the body. These weakened (alternuated)
bacteria are not pOwerful enough to cause a

di sease. The white blood cells still produce

anti bodies to fight these bacteria.

3) The third nmethod can only be used agai nst
smal | pox. There is a disease called 00w pox

which is caused by viruses very simlar to

the viruses that cause snall pox. Cow pox is

not a very serious di sease and the body

qui ckly recovers fromit. Wen we are vacci nated
agai nst smal | pox the doctor introduces a

liquid containing cow pox Viruses into our

bodi es through a cut in the Skin (usually on

the arm). A blister soon devel ops and we suffer
for a few days from cow pox. After suffering
fromcow pox we cannot catch smallpox. This is
because the anti bodi es produced to fight cow

pox viruses will also kill small pox viruses.

- 14 -



| MPORTANT FACTS ABOUT | MMUNI TY

1) Antibodies are chenicals produced by white
cells to destroy or inactivate bacteria.

2) The anti bodi es produced to fight one type of
di sease will usually not act agai nst other
types of disease.

3) Antibodies, once produced may remain in the
bl ood for nmany years. This makes the body

i Mmune to the di sease which the antibodies
were produced to fight.

EXERCI SE 11

1. Wiite cells produce "false feet" called

2. They nmove in a Special way. This monent is
called .

3. The poi sons produced by bacteria are called
4. are chemicals produced by

white blood cells to destroy bacteria.

5. A blood clot consists of a network of fibres
made from a substance call ed

6. A person receiving a blood transfusion is
called a .

7. A person giving blood for a transfusion is
called a .

The four human bl ood groups are

8.

and



ANSVWERS TO EXERCI SE |
Haenogl obi n

I ron

Lungs

Excretion

Lungs, Kidneys, skin and liver
Pl asma

Li ver

ANSWERS TO EXERCI SE 11
Pseudopodi a

Anpeboi d npvenent

Toxi ns

Ant i bodi es

Fi brin

Reci pi ent

Donor

A. B, AB and O
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This lesson is a test which gives you sone

gui dance and practice in answering the types of
guestions set in the London University

Exami nati ons.

Bef ore you start doing the test please pay
special attention to the follow ng points:-

1. Revise all the lessons 1-11 very carefully
and thoroughly with special attention to the

di agranms. Sonetimes you can get nore marks for
an illustration than for the rest of the
answer. It is, therefore, essential that you
draw and |l bel all the diagrans neatly and
properly. (Read pages 6 and 7 of Lesson 1).

2. Read through the whol e question paper quickly
wi t hout concentrating on any particul ar
guestion. This gives you an idea of what sort
of questions there are at a first gl ance.

3. Select the easier questions to do first
instead of lingering on difficult ones

whi ch you can tackle later:

4. Spread your tinme wisely over all the questions
you wi sh to do rather than wasting too nuch
time on one question only.

5. Answer all the questions by yourself. Do not
refer to or copy fromyour |essons.

Noter- Wite the answers to Human Biol ogy 1
usi ng the spaces provided, and the answers

to Human Bi ol ogy 2 on separate sheets.

Send in your answered Human Bi ol ogy 1

together with your answers to Hunan Biol ogy 2
for marking



Hurman Bi ol ogy 2

One hour

Answer TWD questions; ONE from Section A and ONE
from Section B

Section A

Answer ONE question fromthis Section.

1. Prepare a list to show your diet yesterday.
Expl ai n how you think this was related to

your body needs. (25)

2. Gve an account of the evidence supporting

the theory of evolution. Illustrate your
answer wherever possible by reference to
man. (25)

3. Explain how the flow of blood through the
heart is maintained in a constant direction
What is the pul se?

Wiy does a doctor feel a patient’s pul se? (25)
Section B

Answer ONE question fromthis Section

4. Summari ze the nethods of prevention of

di seases spread by

(a) food,

(b) water. (25)

5. G ve an account of three different organisnmns,
ot her than bacteria or viruses, which are
parasites of nan.

(25)

6. State five mmjor deficiencies comopn in poor
housi ng and describe their probable effects

on the health of the residents. (25)

Total Marks : 50

100

Total marks for Paper 1 & 2
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This |l esson is about

A. The Living Nature of Bone.

B. Factors controlling its Healthy
Devel opnent .

C. CGeneral Structure and Functions of
t he Skel et on.

D. Main Parts of the Skel eton.



A. The Living Nature of Done.

A bone is a connective tissue which is also
called a skeletal tissue. The skeletal tissun
is of two types:

(i) Cartilage. Hyaline cartilage tissue
contains cartilage cells which are
separated 1y large ampunts of non |ixing
material called matrix. Hyaline cartil aqv
tissue is found near the edges of a bone
and al so provides a snooth surface for
joints to articulate. In the case of an
infant, it fornms the nmajor part of a hon
(ii) Bone Tissue. It is a stronger and nore
speci al i sed skel etal tissue. The bone
tissue is a Cylindrical tissue having
living bone cells, capillaries, |ynph
vessels and a nerve fibre as well as nun"
living deposits of calciumsalts. So thw
bone ti SSue on the whole is as nuch ajixr
as any other tissue.
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Cssification or bone formation begins before birth.
Bone is produced by bone producing cells called
OSTECBLASTS.

Bone formation takes place mainly in two places:
1) around the outside of the bone, ize in an area
call ed the periosteum

ii) at each epiphysis near each end of the bone.
The epiphySis is the extreme swollen end

of the bone and is separated fromthe

shaft by a cartilaginous plate called the

epi physeal plate. Bone grows in length by

new bone which is laid down at the epi physea

pl at e.

The cartil agi nous bone becones inpregnated wth
calciumsalts (mainly cal cium phogphate) and is
gradual | y repl aced by bone.

Growm h in thickness of dianeter is caused by the
activity of the periosteumand growh in |ength
is caused by the activity of the epiphyseal plate.
GSSI FI CATI ON OF A LONG BONE
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The bone formed by the petriosteumis solid and
conmkEact. The shaft of the bone becomes holl ow and
spongy. The bone tissue is replaced by bone marrow.
The bone formed within the cartilage is spongy and
is called the cancel |l ous bone. Both forns, conpact
and cancel l ous, are live and active tissues in which
there is a constant changing of materials. The bone
has the ability of repairing itself in case of a
fracture or any other injury.

The Structure 0? (1 Bone. (Fonup)

genceHous
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Bone Marrow. It is a soft tissue found in the
spaces of all cancell ous bones and in the holl ow
shafts of |ong bones.

It is of two Kinds: _

Yellow Marrow. It is made of fatty

tissue and soft, connective tissue.

Red Marrow. It contains a | ot of blood.

It is very inportant as it produces red

bl ood cells.

In adults, red marrow, is found in the skull
backbone and in a few other bones, but in

children it is present in npost of the bones.

- 4



B. Factors Controlling the Heal thy Devel oEment of
Bones.

The three main things essential for the healthy
devel opnent of bones are

1. proper food,

2. correct posture and

3. proper exercise.

1. ProBer Food

Chi l dhood is the nost inportant stage in

the devel opnent of the skeleton. 50, special care
must be taken about the diet of the child. Mnerals
cal ci um and phosphorus forma |arge part of the
bone. Vitanin Dis also very inportant in the
growm h of the bones.

Bones store cal cium deposits, so that they

can be used in case of energencies such as in
pregnanci es. A pregnant wonan’'s calciumintake is
three tines that of an ordinary person's. But
this is a tenporary requirenment to nmeet the needs
of the foetus inside the body. An adult needs
calciumto repair the worn out bone cells. But

a child needs |large supplies of calciumso that
hi s bone can grow heal thy and strong.

The rich sources of calciumare

a) mlk

b) cheese

c) fish

d) eggs

e) cabbage and sone ot her vegetabl es.

The mineral calciumitself cannot be absorbed

in the body unl ess phosphorus and vitamin D are
present. W al ways get enough phosphorus from our
ordinary diet but Vitamin D is obtained from

a) cheese

b) butter

c) egg yolk

d) cod-liver oil.



Utra-violet light present in the sunlight
enabl es the body to produce its own supply of
Vitamin D. But undue exposure to sunlight in hot
tropical countries can lead to a heat stroke. So
great care should be taken in obtaining Vitanmin D
in this way.

2. Correct Posture

The way we sit and stand is called our posture.

A child nust be taught to sit, stand and wal k
properly so that his bones take the correct shape
Wiile still in an early stage of devel Qpnent.
Once the bones have devel oped and hardened in

a wong posture, it is very difficult to bring
themin the correct position.
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3. ProEer Exercise Taking proper exercise
regularly is very inportant for the healthy growth
of bones. Pl aying games involving wal ki ng and
runni ng, swi mm ng and dancing are all good
exercises for this purpose.



C. Ceneral Structure of the Skel eton

A conpl ete di agram of the skeleton, with the
proper scientific names of its parts, is given
bel ow. There is no need to learn to draw it.
But learn the names of its parts and how they
are joined together.

THE HUMAN SKELETON

ShuH

| ower jaw

clavi cl e.

sternum

hurer us

spi ne

(ygrl’ ebral comma)

car pal

__meJ a

_- Xxecarpab

G phal anges

f erur

patell a

Ea sol s

"hf hum

meka- h -. hbul a
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Phal nge’s

In the front of the body, the collar bone
(claricle) joins the breast bone (sternum. Each
armis joined onto the outer edge of the shoul der
bl ade (scapul a).



The hip bone (pelvis) is made up of 3 bones joined
together. The pelvis is joined to the bottom of the
back bone (spine). Each leg or thigh bone (femur) is
joined to the bottom outside edge of the pelvis.

The rib cage is joined to the vertebral colum

(spi ne/ backbone) at the back, and the sternumat the
front. The ribs curve round to give shape to the
chest, and to protect the heart and | ungs.

Functions of the Skel eton

The skeleton is a framework which

(i) suEEorts the body,

(ii) gives it a sha e,

(iii) protects the internal organs,

(iv) has nuscles attached to it with the

hel p of tough tendons,

(v) allows novenent of the body at its joints,

(vi) produces red blood cells inits red bone
mar r ow and

(vii) acts as a store house for minerals the

body nmay need.

About two-thirds of the weight of a bone is

fornmed fromthe mneral salts which are mainly

cal ci um and phosphorus.

These salts are constantly dissolving and

passing into the blood stream while new supplies
fromfood and other tissues take their place. If

the diet |acks these mnerals or the body needs
themin excess (e.g. when a wonman i s pregnant),

the mineral salts in the bones are readily avail abl e
for use. But if they are not replaced by eating

food rich in them bones can becone soft and
def or med.

Now do the foll owi ng Exercise and check your answers
on page 16.

EXERCI SE 1

1. Describe 2 kinds of bony tissue.

(a)

(b)



2. (a) Were would you find the bone marrow?
(b) Wy is the red marrow so inportant?

3. (a) Do all bones have a hollow centre?
(b) What is the periosteumfor?

(c) Wiy are the ends of some bones covered
with cartil age?

4. Wite any 4 functions of the Skel eton.

(1)
(i)
- . 0- - -
(iii)
(iv)
D. MAIN PARTS OF THE SKELETON
a. The Skull. It has 2 main parts. One part, the
lower jaw called the mandiglf , is novable. The

ot her part called the craniumcontains the brain
The skull curves downwards to formthe upper jaw
which is the upper part of the nouth cavity. The
lower jaw is separate fromthe rest of the skul

but articulates (forns a joint) with it.

b. The SEine. It is also called the backbone or the
vertebral colum. It consists of 33 snmall bones
call ed vertebrae with pads or discs of cartil age

in between them These discs allow the vertebrae

to twi st and slide over each other a little.

The spine and skull formthe axial skeleton to
which 2 girdles are fixed. The upper, shoul der
(pecotral) girdle is fixed by neans of the ribs.
The lower, hip (pelvic) girdle articulates with it
near the bottom of the spine.

Both the shoul der and the hip girdles are called
the appendi cul ar skel et on.

The vertebrae are divided into the follow ng groupso



No. of Mbvable or
vertebrae fused

5 Movabl e Al | ow novenent
of trunk.

Fused Support pelvic
girdle.

YICAL V TEB A

Naur ul Spi ne

FUNCTI ON

Al | ow novenent

of head.

Neck ( CERVI CAL)

Supports ribs

and pectoral

girdle.

Chest (THORACI C

Loi n (LUVMBAR)

annsvu’ so

Process

Transver se

Process

Tn gnsvuvsc

Process

cunt:

Bod incl copd (155% Ne, |

j thro ugh hfn) 5FnRa

FRONT VEN ECE VWEW

Look at the diagram of the backbone. It has been

divided into the 5 regions.

The top nost vertebra is called the atlas

vertebra which carries and articulates with the

skull. The | ower vertebrae are |arger and
10



stronger than the cervical ones. Every vertebra,
except those of the tail, has a hole through it
called the Neural Canal. It beconmes a | ong cana
or passage when the vertebrae are placed on each
ot her. The Spinal cord of nervous tissue passes
through it. Nerves |eaving and joining the spina
cord pass through spaces between the sides of the
vertebrae. The neural canal is towards the back of
each vertebra. The main part of a vertebra is a bony
nmass called the Centrumor the body. Vertebrae
above and bel ow articulate with it. The neura
spine is a long bony part at the back of each
vertebra. Sone nuscles of the back are attached to
these neural spines which protect the spinal cord.
These neural spines can be seen projecting beneath
t he skin.
On either side of each vertebra, there is a
process (projection) called the transverse process.
The ribs articulate with the transverse processes
(projections) of the thoracic vertebrae. O her
processes have nuscles attached to them
The vertebral colum
(a) protects the spinal cord
(b) supports the head and neck
(0) allows novenent of the body,
(d) supports the shoul der and hip girdles,
(e) has muscles attached to it.
c. The Thorax. It contains the lungs, heart and
sone | arge bl ood vessels. The body cage of the ribs
protects them
There are 12 pairs of ribs, the last 2 of which
are not attached to the sternum These 2 ribs are
called the "floating ribs". The other 10 ribs
articulate with the thoracilLvertebrae and curve
round the sides of the chest forming rings or hoops.
They are joined.to the sternumin front by the
sternal cartil age.
d. The Pectoral Grdle
Each pectoral (shoulder) girdle consists of a
clavicle (collar bone), a scapula, and sone nuscl es
and |iganments. The clavicle is a flattened bone which
articulates with the sternumat one end and with the
acrom on process of the scapula at the other. The
scapula is a flat triangular bone which is also
call ed the shoulder blade. It is joined to the spine,
chest and to the hunmerus by nuscles.

11



Apart fromthe acronion process, the scapul a

has anot her projection, like a small knob, called
the coracoid process to which sone muscles are

att ached.

At the point where the clavicle, coracoid and
scapul a neet, there is a shallow round cavity
(socket) called the glenoid cavity. The round

head of the humerus fits into this cavity.
acrornon THE PECTORAL G RDLE

I avi cl

process c e

gl enoi d

cavity

sternum

head of

h umera 8

corocoid

Scapul a

process

E. The Pelvic Grdle

It is also called the hip girdle. It is nmade up

of two hip bones, the sacrum and sonme nuscl es. Each
hi p bone consists of 3 bones called ilium ischium
and the Rubis, all fused together. The hip bone is
joined to 5 fused sacral vertebrae (sacrum) by the
sacro-iliac joint. On each side of the pelvic
girdle is the acetabulumcavity into which the
rounded head of the fermur fits.

THE PELVI C Q RDLE

sacro- iliac

Joi nt -

acet abul um

cavity



The pelvic girdle forms a basin which supports
and protects organs such as the |lower part of the
i ntestines, the bl adder and sonme of the
reproductive organs.

The pelvic girdle of a woman i s wi der and

shal  ower than that of a man in order to help
her in child-bearing and child birth.

F. The bones of Linbs

The two arnms and the two | egs are called the

i nbs of the body.

The | eg bones are |onger and stronger than

those of the arm There is a knee cap (patella)
at the knee but no such bone exists on the el bow
But this one bone shortage in the upper linb
(arm is made up for by an extra bone in the
wist. There are 8 wist bones conpared to 7
ankl e bones so that the total number of bones in
each linb remains the same - 30.

The upper bone is a single |ong and strong bone
called the humerus in the case of the armand the
the femur in the case of the leg. The | ower part
of each is supported by two bones. The hunerus is
supported by the radius and ul na at the el bow,
and the fenmur by tibia and fibula at the knee-
The arm and | eg.

humans Fe Mur.
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llan (M

311de

Curfads

Met amrwds |1 g% % Tar sds

i nhahnys ’ 33.1 tuns



The tibia is called the shin bone. It articul ates
with the fermur but in the case of the arm both the
radius and ulna articulate with the humerus. The
radi us and ulna can tw st over each other so that
the pal mcan face upwards or downwards. But this is
not possible with the bones of the leg. The wi st
consists of 8 snmall bones called CarBals while the
ankl e contains 7 bones called tarsals. The biggest
tarsal is the heel bone.

The pal m of the hand contains 5 rod-shaped bones
call ed netacargals, and the sole of the foot has

5 netatarsals. Both the finger and toe bones are
cal | ed Bhal anges. Thereare 14 in each hand or foot.
Each finger and toe have 3 phal anges but the thunb
and the big toe have only 2 each

Now do this exercise. CHECK YOUR ANSWERS on page
16.

EXERCI SE 2

1. (a) How many vertebrae are there in the
vertebral colum?

(b) How many of the vertebrae are fused

t oget her ?

(c) What are the fused vertebrae call ed?

(i) (ii) i

(d) Which part of the vertebral columm does

the pelvis articulate with?

(e) What is the atlas vertebra?

(f) Wiich part of a vertebra does the spina

cord pass through?

(3) Wiich part of a thoracicvertebra

articulates with the ribs?

2. Name the parts of the pectoral girdle. (Use
scientific nanes.)

3. Nane the bones of the armfrom shoul der to
fingers
Upper arm Hand;
Fore-arm Fingers;
1

Wi st;



ANSWERS TO THE EXERCI SES

EXERCI SE 1.

1. (a) Conpact bone is very hard, dense and
conpact .

(b) Cancel |l ous bone is soft and spongy.

2. (a) Bone marrow is found in the spaces of
cancel | ous bone and in the holl ow

shafts of |ong bones.

(b) Because red blood cells are formed in it
3. (a) No.

(b) To protect the bone and to supply it
with bone cells.

(c) To protect bones where they neet.

4. Any 4 of the follow ng:-

(1) Supports the body.

(ii) Gves shape to the body.

(iii) Protects the internal organs.

(iv) Muscles are attached to it.

(v) Allows novenent of the body.

(vi) Produces red bl ood cells.

(vii) Acts as a store house for mnerals.
EXERCI SE 2

1. (a) 33.

(b) 9.

(c) (i) Sacrum (ii) Coccyx.

(d) Sacrum

(e) The top cervical vertebra; the

head bal ances on it.

(f) Neural Canal

(5) Transverse process.

2. Cavicle, Scapula and Sternum

3. Upper arm humerus.

Fore arm radius, ulna. Hand; netacarpals
Wist; carpals. Fingers; phal anges
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to make the desired novenents. The bones at the
joints have to be protected agai nst damage caused
by

The following are the three main types of joints:
1

JA NTS

Sut ur es

joint is where two or nore bones meet. A joint

t be strong enough to wthstand sudden novenents
shocks and yet supple enough to enable a person
rubbi ng agai nst each ot her.

sutures (fixed joints)

cartilagi nous joints (slightly noveabl e)

synovial joints (freely noveabl e)

The best exanple of such joints is a man's skull
The edges of skull bones are jagged like the
edges of a saw. They fit into each other to form
a tight snooth joint. In babies, there are spaces
bet ween the skull bones to allow roomfor grow h.
These spaces becone narrower and narrower as the
baby grows until they formthe tight joints

call ed Sutures.

An Intervertebral Cartilaginous Joint

As is clear fromits nane above, this is a joint
bet ween two vertebrae of the spine. In other
words, the spinal columm consists of vertebrae
joined together by the cartil aginous joints.

The nane of the joint is derived fromthe fact
that each bone is covered by a | ayer of CARTILAGh
which is a connective tissue. Also there is a
round pad or DI SC of CARTILACGE between each

pair of bones (vertebrae).
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The cartilage discs help to prevent any damage to
the spine by acting as cushions or shock absorbers
bet ween the bones if the spine is jarred by any
sudden shock or novenent.

As with all the other bones, the spinal vertebare
are held together by straps of fibrous connective
tissue called LI GAMENTS.

The snmooth slippery surfaces of cartilage all ow
the vertebrae to slide over each other slightly and
twist alittle. This results in the whol e spine
bendi ng and twi sting. A slight novenent at each joint
results in quite a |large general novenment of the
spi ne as a whol e.

slightly noveabl e vertebrae

because of the cartilaginous jclnts

3. A anovial Joint

The joint is enclosed in a bag of connective
tissue, called the JO NT CAPSULE, the outside of
which is covered with thick, tough Iiganments. The
capsul e and |iganments hold the joint together and
protect it. The INSIDE of the capsule is |ined
with a snoboth SYNOVI AL MEMBRANE. It produces a
thick SYNOVIAL fluid, also known as the 'joint
fluid . This fluid oils or lubricates the joint

whi ch nmakes novenent easier and protects the bone
surfaces.
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Joint fluid

Layers of smpoth slippery cartilage between the
bone surfacesal so protect them from damage by
rubbi ng agai nst each ot her.

Here are sonme exanpl es of synovial joints.

(a) Ball and Socket Joint. In such a joint one
bone has a rounded end like a ball which fits
into a rounded cavity called a socket in the
ot her bone. The shoulder and hip joints are
exanpl es. Such joints allow novenents in nany
directions.
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b) Hinge Joint. The el bow and knee joints are hinge
joints. Bones in a hinge joint can nove in one
direction only. They can open until they form

a straight line. Further novenent is not possible
because of the shape of the bones.

A hinge joint.

HUMY us.

mmm

We shall now di scuss one exanpl e each of Bal

and Socket Joints and Hinge joints.

The H12 Joint (Ball and Socket)

The head of the fermur, the shape of a ball, fits
into the socket in the pelvis. It is a very strong
joint and supports the weight of the body. It is
very stable and so, difficult to dislocate (nove
out of position). Its strength and stability are
due to

(i) a deep socket in the pelvis

(ii) a tight capsule around it

(iii) extra ligaments. A small |igament inside
the joint joins the head of the fenur to

the inside of the socket. A big strong Y

shaped |iganent outside the joint at the

front joins the femur to the iliumof the

pel vis. (See diagram on the next page).
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1. The |l eg can nove sideways.

2. It can rotate.

3. It can nove upwards until it reaches the
abdomen.

4. It can nove backwards but the Y-shaped |iganent
at the front will only stretch a little and
prevents further backward novenent.
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The El bow Joi nt (Hi nge Joint)

The convex surface at the end of the humerus fits
into the concave surface of ul na.

HUMERUS

CanEx SURFACE

/111 (WTH CART/ LAQE)

UL NA

CONCAYE SURFA cE

(WTH CART! LAq E.)

Both these surfaces are covered wth pads of
cartilage. The joint is enclosed in a joint
capsule as is the case with all the synovial joints.
The joint cavity is filled with the synovial fluid
produced by the synovial menbrane.

Moverents. The el bow joi nt novenents are very
limted. The armat this joint can nove in one
direction and back only as shown in the follow ng
di agrams: _

MOVEMENT

BENo/ Ng OF 7745 ARM



Now do the foll owi ng exercise. EXERClI SE

A freely nmoveable joint is called a

An intervertebral joint is called

Fi xed joints are called

There is a of

each pair of vertebrae.

The hip joint is a

An el bow joint is a

Underline the joint which is the nost

difficult to dislocate.

Shoul der joint, Hp joint, El bowjoint.

Wi ch of the following joints has nore
restricted novenent than the others?

H p joint

El bow j oi nt ANS.

Check your answers with those given on page 16.
B. The Living Nature of Muscles

| would like you to read pages 16-18 of lesson 1
again. Miuscle tissue is made up of bundl es of
nmuscl e cells. These cells are like fibres which
can contract (shorten) and relax. There are three
different types of nmuscles in the body:

1. striated nuscle

2. smoot h nuscle

3. cardiac nuscle



1. Striated Muscle

Striated neans striped, and the stripes are clearly
seen running across cells when they are seen
through a microscope. Striated nuscles are attached
to the skel eton and hence are also called the
"skel etal nuscles’. These are the nuscl es which
contract and cause our bodies to nove. They form
the red flesh of the body. Striated nmuscles are

al so called the VOLUNTARY muscl es as you can
contract them when you want to and produce vol untary
noverments such as those of |egs, arns and of other
parts of the body.

luau m

NucuEus
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CYTOPLASM

SARCOLEMVA

A S| NgLE MUSCLE FI BRE

Each fibre is covered by a delicate skin called

a SARCOLEMVA. The nuclei do not lie in the centre
of the cells but along the sides, just under the
sarcol emma. Each fibre is nade of smaller fibres
called MYOFIBRILS with alternating dark and |ight
sections which produce the striped appearance of
the muscle. Miuscle fibres formsmall bundles, and
these small bundl es are then bound up in |arger
bundl es which formthe actual nuscles with a tough
outer covering of connective tissue.

2. Snooth or Visceral Miscle

Smooth nuscle is found in the walls of the
arteries, the intestines, the stonach, the bl adder
and the uterus. This is also called viscera
muscle. Smooth nuscle cells are wider in the

m ddl e than they are at the ends. The nucleus is
large, oval and lies in the mddl e of each cell
The cells formflat bundles or |ayers of mnuscle
tissue. The flat bundl es are bound together into

| arger layers which formthe visceral walls.
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Anot her name for smooth nuscle is | NVOLUNTARY
muscle as it is not under the control of our wll;
we cannot stop the nuscle contracting when we w sh
to do so. As these nuscles have no stripes, so they
are sonetinmes called unstriped nuscl es al so.
Smooth nuscle is slow to contract, in conparison
with striped nuscle, and is much | ess subject to
fatigue (tiredness).

3. Cardiac Muscle

Cardi ac means 'of the heart’. This is a specia
type of nuscle which is only found in the heart.
Cardi ac nmuscle cells have no sarcol enma and only
faint stripes. They are not properly divided into
separate units; they branch and join up with their
nei ghbours so that a kind of network is formed.
CARDI AC MUSCLE

Li ke smooth rmuscl e, the cardiac muscle is not
under the control of the will. It contracts and
rel axes regularly and never gets tired, unlike

vol untary nuscl e which soon becones fatigued.



Factors Controlling the Heal thx Devel oEnent of
nmuscl es

There are three main factors for the healthy
devel opnent of nuscles, nanely

1. proper food

2. proper exercise

3. good posture

1. ProBer Food. Muscles are the flesh of our body
so the type of food which contains amno acids is
the best for their devel opnent. Protein foods,
especially the animal protein foods are essenti al
Food stuffs containing vegetable proteins are
beans, peas, nuts and lentils. The above food
stuffs do not contain all the am no acids needed
by our body. But the follow ng food stuffs give
us aninmal proteins which contain all the necessary
am no aci ds:- neat (beef, chicken and pork), fish
cheese, eggs and m | k.

We al so need energy giving foods carboydrates and
fats for the proper functioning of muscles.
Muscul ar activity uses a | ot of energy which nust
be repl eni shed by eating carbohydrates and fats.
(Read pages 19, 20 and 21 of Lesson 8 about A T.P.)
2. Prerr Exercise. Miscles becone slack and
flabby through inactivity. If not exercised
regularly they lose their tension (ruscle tone)
resulting in slackness. Wth exercise they becone
firmand strong.

Athletic events and sports activities are good
exercises for nuscles. But it nust be remenbered
that proper rest is as inportant as exercise.
During activity, chem cal reactions take place
resulting in nuscle tiredness called fatigue. If
no rest is given then the nuscles becone fatigued
and | ose efficiency. Fast and vi gorous exercises
tire the muscles much quicker than slow and mld
ones.

Exercise is essential for those who do jobs
involving little activity such as office workers,
teachers, students etc.



3. Good Posture. Please see page 6 of |esson 13
for the correct posture essential for the healthy
devel opnent of the skel eton. The sane correct
postures of standing and sitting are inportant

for the heal thy devel opnent of nuscles al so.

In order to maintain stability of posture,

muscl es and bones shoul d be positioned properly.
In a good standi ng posture, the muscl es concerned
possess a tone that causes the | east fatigue. But
in a "round shoul ders" posture the back is rounded
backwar ds, and the nuscl es of neck, shoul ders and
chest are affected. The chest becones cranped and
proper breathing is not possible. In the case of

a "hol |l ow back" the abdomen is pushed forwards
resulting in the slackening of the nuscles in the
wal | of the abdonen. Permanently sl ack abdomni na
nuscl es can cause breat hi ng di sturbances and

di sorders of the digestive system

Bef ore we conclude the topic on the nature of
nmuscl es, please renenber the foll ow ng points.
Muscl e Tone. This is, the slight tension which
exists in a nuscle. It is caused by the contraction
of a fewnuscle fibres at atine in relays or
turns. Exercise and good posture are essential for
good muscl e tone.



Muscle Fatigue. This is the tiring of the nuscles
due to the accunul ation of lactic acid in them
The lactic acid is produced by the nuscul ar activity,
and is renoved during the period of rest. Rest is
essential for fatigued nuscles.

Now do the follow ng exercise.

EXERCI SE 11

1. Striated nmuscles are also called

muscl es as you can contract them when you

want to.

Snmoot h nuscles are not under the control of

our will, so they are called

nmuscl es.

Nane the type of muscle which is

(1) nost subject to fatigue

(ii) least subject to fatigue

What are the three factors which control the
heal t hy devel opment of nuscl es?

(1) (i)

(iii)

VWhat is the slight tension which exists in a
muscl e cal |l ed? .

What is the tiring of the nuscles called 7

What chemical accumul ates in the nuscle cel

to cause the above condition?

How can we overconme the above condition?

Check your answers with those given on page 16.

C. Muscle G ouEs and Mvenent

Bot h bones and nuscl es are responsible for

any novenent of the body at the joints. Miscles
al ways work in opposing groups or pairs. Before we
study the actual noverment of a joint, we must know
the arrangenent of the bones and nuscles in that
-13-



joint. A good exanple is the arrangenent of bones
and nuscles of the el bow (a hinge joint). The pair
of muscles involved are the biceEs nuscle and the
tricegs nuscle. They al ways oppose the novenent of
each other i.e. when the biceps contracts, the
triceps rel axes and straightens.

Muscl es nmust be attached to each part of a joint.
For each joint;one part can be regarded as i mmbile
and the other as nobile. The attachnment of the muse
to the immobile bone is called the ORFGA N of the
muscl e and that on the noveabl e bone is known as
the | NSERTI ON

The origin covers a conparatively |large surface

of bone. The muscl es becone thinner, fibrous and
very tough towards the insertion until at the
insertion its end is cord-like and tough, and is
called a TENDON. The insertion tendon covers a very
smal | area of bone. This tough material (the tendon)
can withstand very great strains.

L

OUTER END OF

SCAPULA

TENDONS OF

Bl CEPS MuscL TENDONS OF

(omgm) Tncteps MJUSCLE

(aRanN)

Bl CEPS , TRI CEPS

MUSCLE . MJSCLE

_ Humanus

TENDCH

/ TEN ooN

(I NSLRTI ON)

In a nmuscle like the biceps contraction takes

pl ace near its origin, and the pull is transmt-
ted by neans of tendon to a point on the radius.

So, the joint acts like a |ever.

Both biceps and triceps are called opposing

nmuscl es as they have opposite novenents i.e. when
the biceps contracts, the triceps expands or

rel axes and vice versa. 50 any novenent, once

made, can be reversed by the action of the opposing
FLEXI ON, and the reverse (straightening) is called
the EXTENSION. The followi ng diagranms illustrate
these novenents: -

_1h |



@0")! Bundl e
Conrrocred
Bi ceps nuscl e
Humer us
Expanded
Hunerus e 1," biceps
1; wnsde
t Expanded
N¥Ceps Contract ed
nuscle friceps
vnusde
U na Fore arm
lo wered
Fl exi on. The forearmis raised by the contraction
of the biceps and the accompanying rel axi ng Of the
triceps.
Ext ensi on. The reverse action to flexion takes
pl ace when the forearmis straightened i.e.
rel axati on of the biceps and contraction of the
triceps.
Now do the foll owi ng exercise.
EXERCI SE 11|
1. A novenent at a joint is produced by
and .
2. Muscles always work in 3
3. The end of the nuscle attached to the
i mobil e bone is called the and
the other attachnent on the noveabl e bone is
called the .
4. The muscle end,a cOrd-11ke fibre on the
noveabl e bone, is called a .
5. The bending of a hinge joint is called
whi ch takes place by the
of the biceps and relaxing of the triceps.
6. The reverse action to the above is called
whi ch takes place by rel axation
of the biceps and of the triceps.
I



ANSVERS TO EXERCI SES

EXERCI SE |

1. synovial joint cartilaginous joint

3. sutures

5. ball; socket

di sc; cartilage

hi nge j oi nt

mt - PN

a

El bow j oi nt.

EXEECI SE 11

1. voluntary

2. involuntary

3. (i) striated or voluntary rmnuscle

(ii) cardiac muscle

4. (i) proper food

(ii) proper exercise

(iii) good posture

5. Muscle tone

6. muscle fatigue

7. Lactic acid

8. By taking rest.

EXERCI SE 11

1. bones; nuscles
pairs or groups

orlgln; insertion

t endon

flexibn; contraction

T wm

0

extensi on; contraction
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This lesson is about the Respiratory System
A. THE RESPI RATORY ORGANS

B. MECHANI SM OF BREATHI NG

C. PERSONAL VI TAL CAPACI TY AND VARI ATI ONS
I N RATE AND DEPTH OF BREATHI NG W TH

EXERCI SE

D. GAS TRANSPORT | N BLOOD AND BODY FLUI DS,
AND ACRCSS CELLULAR MEMBRANE

E. THE EFFECTS OF TOBACCO SMXXE ON THE
RESPI RATORY MJCOUS MEMBRANE



A. THE RESPI RATORY ORGANS

The function of the respiratory systemis to

nmake possi bl e a gaseous exchange so that oxygen
can be taken into the bl ood and carbon di oxi de and
wat er vapour can be renpved fromit.

The nostrils are the external openings of the
nasal passages or cavities. These cavities are
separated fromeach other by a seEtumwhich is
usually placed a little to one side of the centre
line. The cavities are separated fromthe nouth by
the alate. The nasal passages open into the
pharynx (throat) on the other end. There are
speci al |y shaped bones in the cavities which

i ncrease the surface area over which the air has to
to pass on its way to the lungs. The cavities
passages are |ined with mucus secreting cells and
with cilliated cells. The lining is rich in bl ood
capillaries. This lining is called the nasal mucosa.
Air that enters the nostrils is filtered by the
hairs at the openings. It beconmes warm by passing
over the specially shaped bones havi ng bl ood
capillaries. At the sane tine it is noistened by
the secretion of the nucous nenmbrane. During a
col d, the nmucous nenbrane becones inflaned and
produces extra nucus. The nucus traps harnfu
bacteria and dust particles.

gugacf

Eusrochi an fube

uvuw

pharynx (fhroaf)

epiglorris



As you can see, the air breathed-in through

the nose is filetered, warmed and noi stened. It
is therefore very inmportant for us to breathe-in
t hrough t he nose.

At the back of the palate is a flap called the
uvul a or the soft palate. If you open your nouth
you can see it at the other end with the help of
a mrror. The nasal passage can be closed by it.
At the bottom of the pharyx are two tubes, the

wi nd- pi pe (trachea) and the foodepi pe (oesophagus
or gullet). In order to understand how the air
goes down the trachea when you breathe in, and
how t he food goes down the oesophagus when you
swal | ow, please |ook at the follow ng di agrans
careful ly.

Bef ore swal | owi ng swal | owi ng

Fonsue poiare pal ate

Duri ng normal breathing the positions of uvula
and the epilottis are as shown in diagram (a) above.
But when we swal |l ow, the tongue nmoves back and
the uvula lifts up and cl oses the nasal cavity.

At the sanme tinme the toungue pushes down the
epiglottis to forma lid over the trachea as
shown in diagram (b). The voice box (l|arynx)
noves up under the epiglottis. These actions stop
the food going into the trachea instead of
entering the oesophagus.



But when we are tal king or |aughing,

is raised to let the air enter the trachea. This is
why it is dangerous to laugh and talk while there
is some food in the nouth because sone food
particles mght find their way into the w nd pipe
through the open epiglottis. This can cause choking
whi ch makes you cough violently in order to push
the food back into the throat. In serious conditions
choki ng may cause the death of the person

The trachea is about 13cmlong. Its top part is
called the larynx or the voice box. The ogening

of the larynx into the pharynx (throat) is called
the glottis and is protected by the epiglottis.

The larynx is nmuch broader than the rest of the
trachea and is protected by a nunber of plates of
cartil age. Between these plates are a nunber of
tightly stretched |liganments called the vocal cords.
It is the vibration of these vocal cords which
produces sound when air is breathed out over them
The quality of the sound depends on the tension

of the cords and the size of the glottis. The
tension is varied by the vocal muscles. For high
pitched notes, the tension is high and the glottis
is narrow. But when the cords are slack and the
glottis wide, the sound is |ow pitched. The pharynx,
nout h, and the nasal cavities act as resonating
cavities like the sound box of a guitar.

the epiglottis

At its lower end, the tree

and | eft bronchi (singular,

into the lungs thensel ves.

by i nconpl ete hoops of cart

open passage whatever

and neck.

hea forks into right

"bronchus’) which pass

The trachea is protected

il age which ensure an

position is taken by the head

The bronchi branch into many snall tubes known

as bronchi ol es which go on branching further unti
they are only one cell thick tubes like capillaries.
Each tube ends in tiny air sacs called alveol ar
sacs. Each sac consists of nany | obes called al veol
(singular, "alveolus'). Many tiny blood capillaries,
al so one cell thick, forma network over each
alveolus. It is here that the gaseous exchange takes
pl ace. The gass has to diffuse through only two
cells thick menbranes, one of the capillary and

the other of the alveolus. MIlions of alveol
formthe respiratory surface



rah?
bronchus rrachea
bronch iol e

t al vequs

bl ood

| capillaries
(c)

There are two | ungs which are sgongx elastic
organs. They surround the heart and al nost fill
the chest cavity. Their |ower surfaces rest on
the di aphragm The right lung has three | obes,
and the left has two.

Nght | ung

t - x1r

- /Y YXIxt/hl . CF lung

t ol

x/ W



A doubl e | ayer of nmenbrane called the PLEURA
covers each lung. It is like a sealed plastic bag.
The pleural cavity (the space between two pl eurae)
is filled with a fluid which acts as a |ubricant.
It allows the inner and the outer layers to slide
over one another very snoothly.

Now do the foll owi ng exercise and check your
answers on page 18.

EXERCI SE 1

1. The nasal cavities are separated from each
other by a , and they are

separated fromthe nouth by the

2. The other nane for the throat is the

3. The air passing through the nasal cavities

is (i) , (ii) and

(i)

4. The opening of the larynx into the pharynx is
called the which is protected by

alid called the

5. The voice is produced by the vibrating of

in the |arynx.

6. Name two factors which control the quality

of the sound.

(1)
M



B. MECHANI SM OF BREATHI NG

Breathing can be divided into two parts.

1. Inspiration, Inhaling or Breathing in.

2. Expiration, Exhaling or Breathing out.

1. InsEratjon

Breathing in takes place when the chest cavity
is made larger by (a) the ribs noving upwards
and outwards and (b) the diaphragm stretching
downwar ds.

(a) The intercostal nuscles between the ribs
contract noving the ribs upwards and outwards.
Their novenent is |ike that of the handl e of

a bucket as shown in the diagram bel ow.

Your ribs move

breast bone upwards

and out wards

er this bucket handle

(b) The di aphragm contracts and noves downwar ds.
As the walls (ribs) and fl oor (diaphragm of the
chest nmove outwardS, the lungs are pulled with them
as they are elastic in natureo So they expand to
fill the enlarged chest cavity.



The air inside the lungs is now at a | ower
pressure than the air outside in the atnosphere.
The air always rushes fromthe higher pressure
area to the one at the | ower pressure. So, the
air fromoutside rushes into the lungs to equalise
the pressures inside and outside the |ungs.

2. Eggiration: It is the opposite of inspiration
It is the result of the chest cavity becom ng
smal | er and squeezing the air out of the |ungs.

It takes pl ace by

(a) the intercostal nuscles rel axing making

the ribs nove downwards and i nwards.

(b) the diaphragmrel axes maki ng t he abdoni na
muscl es and organs push it up to its origina

posi tion.

As the ribs and di aphragm nove i nwards, the |ungs
are Squeezed. This helps to push the air out as the
air pressure nowis greater inside the |ungs than
t hat outsi de.

The noverent of the di aphragm and that of the

| ungs can be shown by the follow ng di agram

The bal | oons represent the |ungs, the rubber
sheet the di aphragm and the glass tubes the trachea
and the bronchi

0- b.

gl ass tube re resean

hmheoP 3

gl ass tube

re cnh’

ngi huJs

bal | oon

rgwmunang

| ung

rubber shearing

Momsenr ns

di aphragm

ar df hepumm

BREATH Ncaour WHO' Shwrsgdmm

8 BKEATH NC-v/ N



(C) EbRSONAL VI TAL CAPACI TY AND VARI ATI ONS | N RATE
AND DEPTH OF BREATHI NG W TH EXERCI SE

1. Personal Vital Cagacitx

The lungs are never conpletely enpty. In fact,

it is inpossible, even with the greatest effort,
to renove all the air Sromthem During norma
breat hi ng about 500 cm (0.0.) of fresh air is
breathed in, and after about two seconds, the
same vol une of used air is breathed out. This air
which flows into and out of |ungs w thout any
effort is known as the TIDAL AIR Wth nmaxi num
effort, we can breath-in about another 1500 cn8
of air which is called the COWPPLEVMENTAL AIR. Wth
an extra effort we can breathe-out an extra

1500 cm of air called the SUPPLEMENTAL Al R

The total volune of the air that can be exchanged
i.e. the total of the tidal air, conplenental air
and the supplenental air is called the VITAL
CAPACI TY. As the total volunme differs from person
to person, it is also called the PERSONAL VI TAL
CAPACI TY,

Tidal air 500 cnB

Conpl errental air 1 500 cnB

Suppl errental air 1 500 cnB

PERSONAL VI TAL CAPACITY : 3 500 cnB

As nentioned before, however hard we may try,

we can never enpty our lungs conpletely. Some air
is always left in the lungs. This air which can
never be expelled fromthe lungs is called the
RESI DUAL Al R which neans the renaining air. It is
about 1 000 cm. If we add this volume to the
vital capacity, we get the total capacity of the
LUNGS. Study the followi ng table very carefully:-

Tidal Air ------- 500 cn8

Conpl errental Ar ------- 1 500 cnB
Suppl enental Ar ------- 1 500 cnB
Resi dual Air ------- | 000 cnB

Total capacity of the 4 500 Cn8
Lungs



2. Variations in Rate and DeEth of Breathing with
Exer ci se
The rate and depth of breathing vary according to
the needs of the body. During sleep our energy needs
are mninmum and the breathing is very sl ow and
shal low. The tidal air is even |l ess than 500 cn8B.
But during vigorous exercise, for instance during
a kilometre race, the deEth of breathing increases.
The rate of breathing also increases trenendously.
So, the total volume of air flowing into and out of
the lungs in the sane tine increases nany folds.
Duri ng vigorous exercise, the body’'s denand for
energy increases trenendously, so the demand for
oxygen to liberate energy in the body cells increases
proportionately. Let us take examples of the vol une
of air breathed in while at rest and the vol une of
air after a vigorous exercise.
At Rest
Shal | ow breathing _ Tidal air : 500 cn8

Sl ow breathing rate : 15 times per mnute.

. Total volune of the exchan%ed air
per mnute : 15 x 500 cm: 7.5 litres
(1 1litre: 1 000 cnB)
After 1 Kilonetre race

Deep breathing _ Tidal air : 1 500 cnB

Fast breathing Rate : 25 times per mnute.

. Total volune of the exchanged ?ir per mnute

25 x 1 500 cm: 27.5 litres
If you conpare the two volunmes of air, 7.5 litres
at rest and 37.5 litres after the vigorous
exerci se, you would notice that the volune of air
exchanged had increased 5 tines in the latter case.
Now do the foll ow ng exercise and check your
answers on page 18.



EXERCI SE 2

1. The process of breathing in or inhaling is
called , while that of

exhaling is called .

2. In breathing in the chest cavity is nade

| arger by the diaphragm stretching

and the ribs noving and .

3. The novenents of ribs are caused by the
nmuscl es.

4. The air which flows into and out of the |ung
wi thout any effort is called

air, and the air we :an inhale with the

maxi mum effort is called air.

5. The capacity of the lungs is the total

vol ume of the air, air,

and the air.



D. GAS TRANSPORT | N BLOOD AND BCDY FLUI DS

AND ACROSS CELLULAR MEMBRANES

1. Gaseous Exchange in the Lungs.

Ext ernal ResEiration

Oxygen in the fresh breathed in air in the |ungs
enters the blood and carbon di oxide | eaves it by

DI FFUSI ON. In diffusion, the nmolecules of a

subst ance which may be a gas or a liquid fl ow
froman area of higher concentration to one of

| ower concentration. This flow continues unti

there is an equilibrium that is, the concentrations
in both the areas becone the sane.

When bl ood reaches an al veol ar sack through the
capillaries, there is a | ow concentration of

oxygen in the plasma. On the other side of the

al veol ar nmenbrane there is a film of noisture ful
of oxygen. So, the oxygen nolecules diffuse into
the plasnma. The passage of oxygen into the plasna
upsets the equilibrium (bal ance) between the

di ssol ved oxygen in the plasma and in the red cells.
Therefore the oxygen nol ecul es diffuse into the red
cells where they conmbine with the haenpglobin to
forma conmpound cal | ed oxyhaenogl obi n

Oxyhaenogl obin gives blood its bright red col our

In the nmeantine, oxygen in the |lung spaces

di ffuses to take the place of the gas which
escaped fromthe noisture on the al veol ar menbr ane.
Simlarly, oxygen in the tidal air diffuses into
the lung spaces to keep the bal ance.

There is a simlar diffusion gradient in the
opposite direction, in which carbon dioxide from
the plasma travels into the lungs to be excreted.
This chain of diffusion is called the D FFUSI ON
GRADI ENT and can be sumed up for oxygen as shown
on the next page.
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Oxggen -_) 0X39en _-) Oxggen
"mridal air in residual air
(lung spaces) on wal
di f fusion
menbr ane
-) HAEMOQLOBI N 4- OxygenHOXYI - QAEMOQLOBI N-
in red cel
The exchange of gases in the al veol ar sacs
of lungs is shown by the follow ng diagram
capillary leading ro
pul nonary vein
and carrying
oxygenat ed bl ood
capillary brin M
deoxygenaf ed | oad
fromthe hearf via
4/ the pul nonarg
arrerg
bronchi al :
al veol ar soc
ilmOoO
ndl 51" ure
net wor k of CO02.
COPI HOHCS
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al veoh’
oi veoh’
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02 : oxygen
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2. Internal or Cellular ResRiratign

The bl ood rich in oxygen has 95% of oxygen in
oxyhaenogl obin in red blood cells and only about
5% di ssol ved in the plasma. Wen the bl ood

reaches tissues, it |oses oxygen, again by a

di ffusion gradi ent as shown bel ow.

OXYHAEMOGLOBI N - % HAEMOGLOBI N ' f OXYGEN -)

inred cell in plasm

-) OXYC, EN - 90XYGEN

in lgnph in tissue celd

There is a supply of glucose circulating in the

bl ood, study Lesson 8 again . Oxygen in the tissue
cells oxidises this glucose to |iberate energy.

Car bon di oxi de and wat er vapour are al so produced
as waste products which are carried to the |ungs
through a diffusion gradient, and excreted in the
expired air.

SUGAR tr OXYGEN _) ENERGY 4- CARBON DI OXI DE' O- WATER
((xLUcOSE)

Energy is life. It is used for warnth, for

muscul ar activity, for chem cal changes and for

gr ow h.

Most of the carbon dioxide travels in the form

of bicarbonates. First, the gas is dissolved in the
the plasma and forms carbonic acid there. This acid
reacts with the sodium present in the plasm
proteins to form sodi um bi carbonate. The red cells
contain



proteins whi ch have Potassiumin them Carbonic
acid diffuses into the red corpuscles to form

pot assi um bi carbonate whi ch diffuses back into
the plasnma. Wien these bicarbonates reach the |ungs
they break down. The netals, sodium and potassi um
reconbine with their respective proteins.

Car bon di oxi de diffuses fromthe blood into the

l ungs and thence to the air along a diffusion
gradient simlar to the one for oxygen which has
al ready been di scussed before.

The quantity of carbon di oxi de dissolved in the
bl ood plays an inportant role in the control of
breathing. Wien its level rises in the bl ood due
to sone vigorous activity, the respiratory nerve
centres in the brain are stinulated, and the rate
of breathing guickens. But when there is a fall in
the |l evel of carbon dioxide in blood, the rate is
sl owed down. In this way the rate of breathing is
bei ng adj usted continuously to body requirenents.
Now do the foll owi ng exercise and check your
answers on page 18.

EXERCI SE 3

The passing of nol ecul es of a substance from

a higher concentration to a | ower one is

called .

The above process stops when an

is reached, that is the concentrations

beconmes of the same strength in both the

ar eas.

Wite an equation to show the passage of

oxygen fromthe air we breathe in to the

red bl ood cells.

Wite an equation for the liberation of

energy in our tissue cells.



5. Name the acid produced by the dissolving of
carbon di oxi de in plasnma

6. Name two nmetals with which the above acid
forns bicarbonates. and
E. The effects of Tobacco Snpke on the

Respirator! Micous Menbrane

It has now been proved statistically that

snoki ng is hazardous and injurious to health.

In fact, in cetain countries, it is obligatory
for cigarettee manufacturing firns to print on
cigarette packets that snoking may be hazardous to
health. The followers of the Sikh religion, which
originated in Punjab, North India, are prohibited
from snoki ng tobacco. The prophet of this sect
brought in this prohibition nore than 200 years ago.
Any foreign body which enters the respiratory
system causes irritation in the system If it is
a food particle or some liquid, we cough violently
to get rid of it before it chokes us to death.
Coughing is nature’s nethod of getting rid of any
foreign body which irritates the mucous nenbranes,
of our respiratory system The followi ng are the
bad effects of snoking.

(1) Effect on Bronch

In the case of heavy smpkers, the

respiratory systemcannot get rid of the

snoke deposit on the nmucous nenbrane as

fast as the snoke particles collect there.

As a result the snoker devel ops a

persi stent type of cough called the

"snoker’s cough’. In addition to that

snoki ng may conplicate and sl ow down t he

recovery of a patient suffering fromthe

various respiratory diseases such as

bronchitis, influenza and cold etc.

- 16



(ii) Effect on the Lungs

It has been proved statistically that

nore smokers die of |lung cancer than do
non- snokers. Tobacco snoki ng danages the
nmucous nenbrane of the lungs and certainly
aggravat es pul nonary di seases.

(iii) Effect on the Heart

Smoki ng may be instrumental in bringing
about Coronory Heart Disease to a person

It damages t he mucous nenbrane of the
cardi ac nuscle and bl ocks the coronary
artery which brings blood to the heart
nmuscl e.

(iv) Effect on a Eregnant Wonan

Tobacco snoking in the case of a pregnant
worman can danmage the child in the wonb.
There is a possibility of the brain cells
of the foetus being damaged by the nother’s
heavy snoki ng.

Now do the foll owi ng exercise and check your
answers on page 19.

EXERCI SE 4

1. Howis an irritant expelled fromthe trachea?
What parts of our body have their nucous
menbr anes danmaged by heavy snoki ng?

(1) (ii) and (iii)

VWhat part of the foetus may be affected by
the heavy snoking habit of a pregnant woman?
Wite any 3 things for which the body uses
energy. (i)

(i)

(iii)



ANSWERS TO EXER
EXERCI SE 1
Septum
2. pharynx.
3. (i) filtered (ii) warnmed (iii) noistened.
glottis: epiglottis.
vocal cords.
; (i) lension of the vocal cords.
(11) Size of the glottis.
pal at e
BFBCLEA
1. inspiration: expiration.
2. dowhwards: upwards and outwards.
3. intercostal.
Q tidhl: conpl emental
54 tidal: conplenental: supplenental: residual
EXERCI SE 3
1. diffusion 2. equilibrium
2. equilibrium
3.
$
OXYGEN __ , oxvctN ) OXYGEN --) , oxYaEN-r
in Hdol in residual in noisture %in plasna
oh oh on we" 5
Di ffusion
menbr ane
#HAEMOGLCEI N . r OXYGEN _; OXYHAEMOGLOBI N
In red ceH kn red ceH



GLUCOSE - OXYGEN _, ENERGY 4° WATER 4- CARBON
nomne

5. carbonic acid.

6. Sodi um potassium

EXERCI SE 4

1. By coughing violently.

2. (i) Bronchi

(ii) Lungs
(ii1) Heart
3. Brain

4. Any three fromthe followi ng four:-
War nt h,

G ow h,

muscul ar activity,

Chem cal changes.



The tar and di scharge that collects in the Inn
of an average snoker.

SEE FACE | Q
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