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E 13 1 NTRODUCTION

^ nis rnodule has three units. In unit one, you will learn about the
movement in animeils and plants. In animals, we shall see how
muscles of human beings bring about movement and also the way
plants move.

In unit two, we shall discuss the coordination in organisms
particularly human beings and plants. In human beings we shall
look at coordination through nervous system, sense organs and
endocrine system.

In unit three, you will learn ways in which organisms maintain
their internal body conditions at constanf level such as
temperature, water, glucose, protein, minerar salts and other
internal body conditions. You will also learn about the excretion as
the process of removing waste products from the body.
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6.O.2 OBJECTTYES

At the end of the module you should be able to:
. Explain the meaning and importance of coordination.
o Discuss the role of motor, sensory and relay neurons and

their adaptations.
o Describe the structure and functions of the parts of the

central Nervous system.
. E>qplain the meaning of peripheral Nervous system.
o Draw a spinal cord and show pathway of reflex action.
o Distinguish between simple and conditional reflex.
. Explain the meaning of sense organs and stimuli for each.
. Identiff and describe the functions of the parts of sense

organs and explain how each org€Ln works.
. Explain the meaning of drug and drug abuse and name the

types.
o Identi$z endocrine glands and their locations.
o Describe the hormones secreted by each endocrine gland

and their roles. 
rio List and define t54tes,of tropic movement and their stimuli.

. Bxplain the effects and sigirificance of light, water, gravity
and chemicals on direction of plant growth.

. Explain the meaning and importance of excretion.
o Name the excretory organs and their products.
o Describe the structure of human urinary system and its role.
o Bxplain the process of urine formation.
. Explain the cause, s}rmptoms, and effects of complications of

urinary system such as kidney failure and their effects.
o Mention t54res of waste products.
o Elirninate plants and their importance.
o Describe the mecharrisms of suga.r, salt, and water balance

in the human body.
o Outline the effects of high and low blood sugar level in the

body.

ll
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UNIT: 6.1
MOVEMENT
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6.1.O,1 IIITRODUCTION

Dcar lcarner, I think you are now set for module 6 of Biology
siagc II. I bclievc you will complcte this sta.ge successfully and
attcmpt the National Irorm Four Examination.

'fhesc questions and many others that you havc comc across
concerning how organisms manage to change positions will be
answercd in this unit. You will learn about muscles, skeleton
(bones) and how they rclatc to accomplish the task of
movement.

I wish you all the best, in studying this unit
enjoy it very much.

Biology is a wonderful subject isn't it?

I am sure you will

6. r.o.2 oBJECTTIrES

At the end of this unit, you should be able to:

a trxplain the
organism.

meaning and importance of movement in

a outline the differences between movement and locomotion.

Describe the structure of the human skeleton system and its
function.

Identi$r different t]4res of joints in the human skeleton and
their roles.

a

a Mention different types of muscles, their functions and
adaptive features.

a Differentiate smooth, skeletal and cardiac muscles

J

lnstitute of Adult Education ODL Study Ir/aterials

effiffiq
%Y&#tr#%6ry

a



6.T.O MOVEMENTS

Wc saw in module one unit one, that movcment is one of the
charactcristics of living things. lfrat is aII living things have the
nbility to move from place to place. 'l'hc movement can involve the
wholc body or part of the body as wc shall see latcr.

In this unit, you are going to learn about the movement in general,
the human skeleton system, joints, type of muscles and how
muscles cause movement. Below are more details about this unit.

6.1.1 GENERAL CONCEPT OF MOVEMENT IN ORGANISMS AI\ID ITS
IMPORTAI|ICE

Movcment is one of the charactcristics of living things. Movement
cnables organisms to search for thcir requiremcnts, for cxampli:
food, watcr and mates. Man exhibits ccrtain kind of movcment
whcn communicating c.g. lips go up and down when talking.

'lherc are two types of movemcnts

Locomotion
'l-his is thc typc of movcmcnt whcre the wholc organism moves
from one plarcc to another.

Ilxample: A lion exhibits locomotion whcn chasing an antclopc or
when onc gocs to work somcwhcrc.

Movement
'llhis is thc changing in position of part of an organism i.e.
movemcnt of curvature as shown by parts of plants. 'lihey change
towards the diri:ction of stimuli. Animals exhibit movement to
somc cxtent. I,-or exampli: when eating, the hand is raised while thc
body rcmains stationary. Movcmcnt and locomotion involve
coordination bctwccn thc nervous systcm, muscles and skeletal
systcm.

4
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6,I.2 MOVEMENT OF THE HUMAN BODY

Movement of the human body depends on the skeleton.

Skeletal system
'lfre skeletal system gives support to an organism.

Skeleton
'lfrere are two types of skeleton in animals:

Exoskeleton
This is skeleton found outside the body of an animal.
Example; arthropods such as spiders, crustaceans, insects,
and crabs.

Endoskeleton
'lhis is type of skeleton fcrund inside the body of vertebrates
e.g. man, cow, fish, frog, lizard. The human Skeleton is
composed of a special connective tissue (tissue that joins
other tissues together) called bone. Bones and their
associated tissues, cartilage, tendons, and ligaments make
up the skeleton systern. 'fhe human skeleton system
consists of 206 bones; or the skeleton system consists of
bones and other structures that make up the joints of the
skeleton. trig. 6.1.1 shows the human skeleton system.

The types of tissues present are bone fussue, carttlage, and Jibrous
connecttue hssue, which form the ligaments that connect bone to
bone.

The adult human body consists of approximately 2OG bones, which
are organized into an internal framework called the skeleton. The
human skeleton is found inside the body. Biologists call it an
endoskeleton. The variation in size and shape among the bones
that make up the skeleton reflects their different roles in the body.
Other groups of animals with endoskeletons are; fish, amphibian,
reptiles and birds.
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structure of the hurnan skeleton system and its function
Let us see the structure of the human skeleton system
The human skeleton system has two parts.
. The ildal skeleton.
. The appendicular skeleton.

i) The Axial Skeleton
'I'iris consists of thc skull, vertebrar column and the rib cage.

.I-hc skull conslsts of 8 cranial boni:s and 13 faciai boncs.'llhc rrertcbreil column consists of a scrii:s of small bones called
vcrtcbrac. 'lhcrc are fivc main groups of vcrtebrac, nameiy,
- Ccrwical vcrtebrac found in thc neck rcgion.
- thorai:ic verti:brac found in thr: chest rcgion.
- Lumbar vcrtcbrac found in thc abdominal rcgion.
- Sacral vcrtcbrac for_rnd in the tzril rcgion.
- Caudal vertebrerc found in the tail rcgion.

'l:r}r\/ir,a,1,.t *-. .' l: 4t: l t t' itt *1
t.:I.j

l1

l'u tt't's> *r
wt: rtq l: ra e

5;l *:r i* 1,

,-.{r r-t* !tj!-if E

C,l { {r,r!

{ t:} H lJ nulA.?\l 6ga 1tr8 E

Figure 6.1.2: Vertebral column oJman

'Ilhe rib cagc consists of thc pairs of ribs and thc sternum (brcast
bonc). 'Ifrc stcrnum providcs surfaces for attachment of ribs.
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B ribs

l}r nrj rr)

Figure 6.7.3: Ribs ond sternum

ii) The Appendicular Skeleton
This consists of the bones of the arms and legs, shoulder and the
pelvic girdle. Therefore, the limbs, limb girdles and pelvic girdle
constitute the appendicular skeleton.

The fore-limb
In mamrnals, the fore-limb is made up of the humertls, radius and
ulna, carpals, metacarpals and phalanges.

I-Iumerus
'l'his is a long bone in the upper arm. It supports the upper arrn.

Radius and Ulna
'ltrcsc are the long bones of the lowcr arm. 'I'he ulna is slightly
longer tharn radius. 'lhe radius starts from the elbow to the small
fingcr.

Carpals
lfresc are nine small bones in the wrist which articulate with the
radius and ulna at the upper and the metacarpals at thc lower
cnd.

Metacarpals
These are five stightly elongated bones which are found in the
palm. trach of them articulates with a phalange of finger bone.

Phalanggs
'lhcse are bones which are found in the fingers.

8
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The hind limb
The hind limbs of mammals are made up of several bones, namely;
the femur, tibia and fibula, tarsals, metatarsals and phalanges.

Femur
'Ifris is a long bone situated in thc thigh or upper leg region. The
femur provides surfaces for the attachment of leg muscles and
supports the thigh.

'libier and iribula
'I.hesc arrc the long boncs of thc lowcr leg. The tibia is a very long
bonc (longcr than fibula).

Tarsals
"fhese are six small bones in the ankle

Metatarsals
'fhesc are clongatcd bones in the foot. 'fhcre arc five in humans
and in most other mammals.

Phalurngcs
Thesc errc thc bones u,'hich are found in the toes of the hind limb.

Limtr Girdles
The fore limb and hind limbs are joined at their upper ends to a
girdle of bones. 'lhis forms a framework for support. The fore*limbs
are joined to the pectoral girdle, while the hind limbs are joined to
the pelvic girdle.

Pcctorerl Girdle
'lhis consists of zr scapula (shoutder blade), coracoids and clavicle
(collar bonc).

Pelvic Girdle
This is made up of several bones which are fused together for
greater strength. The pelvic girdle forms a protective cage around
vital organs such as the female reproductive organs.

Functions of the skeleton system
The bones that make up the skeleton system serve six important
functions:
i) Provide a framework that supports the body and the muscles

that are attached to the bones.
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ii) Protect some internal organs from mechanical injury; examplc
the rib cage protects the heart and lungs: skull boncs protect
the brain and eyes.

iii) Manufacture blood cells, I-Iematopoicsis (Blood-formin$) bone
tissues producc Red lllood cclls or (Erythrocytcs) and white
I3lood Cells (Lcukocytcs).

iv) Provide a storage site of inorganic salts, such as calcium and
phosphorous. Calcium may be removed from bone to maintain
i rror*al blood calcium level, which is essentially for blood
clotting and proper functioning of the muscles and nerves.

v) Bones also provide a system of levers (ri$id rods that can be
moved about a fixed point) on which a group of specialtzed
tissues (muscles) act to produce motion.

vi) Iracilitate breathing mechanism.

*ar1zla6*
spCInry

with red melrow

y*!loe; :nal-r*rv

campact hqrd bone

spongy

*lt*tlxge'

figire 6.'7.4 Strtucture oJ a long bone

Composition of a bone
Bone is a hard, tough connective tissue composed mainly of
calcified material. Bones are very strong for their weight, owing to
their hallow shaft and the network of spongy bone at each end.
Mammalian bones are made up of an layer of bone and a hollow
inner part containing bone mzuTow. The internal structure of a
bone consists of an organic matrix in which calcium salts, mainly
calcium phosphate are deposited. These salts give bones their

10
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strength. ltre matrix and salts arc secreted by star shaped cclls
called osteocgtes.

Classification of bones
Bones can be classifled as one of four t5,pes based on their shapes:

,li1{.;l.,Rlj lj-t Shrpi:: *f Burrtrs

i ri.

.tl I
t,1:

'!it

{c) FlJl bsn*
.- in'j llr. L.!:l;.i-l.t

ial Lo,1!I l)f,i6

Ibi Shdrt bones itl| lrregular tene

Figure 6.7.5: Shopes oJ Bones

Lontr bones - The bones of the anrrs, legs, hands, and feet (but not
the wrist or ankles)

Short bones - the bones of the wrist and ankles

Flat bones - the ribs, shoulder blades, hipbones, and cranial
bones.

Irregular bones - the vertebrae and facial bones.

Short, fl:rt zrnd irrcgular bones are all made of spongy bone covcrcd
with a thin laycr of compact bone. Ri:d bonc marrow is found
rvithin the spongy bone.

11
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JOINTS
Joints, are places where two or more bones come together, permit
thcm to move without damaging each othcr.

Joints arc responsible for keeping bones far enough so that thcy do
not rub against each other as they move. At the same time, joints
hold the bones in place.

Itt:rt*

iiyr;ur:r:nl

l'1**i

;r:1 i cril ;)r ;:art i tr*gr:

:ilrr*l,i ir i n ri:r r hi:irrl r:

i:ri}: il.t

Figure 6.1,6: Section through a joint

The classification of joints is based on the amount of
movement possible:

Immovable joints; they arc often called fixed joints, and
allow no movcmcnt betwecn bones.'llecsc joints are
interlocked and held together by connective tissue, or thcy are
fuscd together. 'Ilhe places where the bones of the skull meet
are called Satures and pelvic girdle arc examples of imrnovable
joints. 'I-hcse joints give support and protect delicatc
structures.

a

a

a

Slightty movable joints. (Semi movable joints). These joints
permit a small amount of movement. These bones are
separated by a pad of cartilage. They make the body to be
flexible.

Freely movable joints
Most of thc joints of the body are frecly movablc. In Irrccly
Movablc Joints, the ends of thc l:ones arc covered with a layer
of cartilagc that provides a smooth surfacc at the joint and
prevcnts friction.

12

lnstitute of Adult Education ODL Study lVaterials



'Ihe joir:ts arc erlso surrounded by a fibrous joint capsule that
hclps hold thc boncs together and at the same time allows
movi:mt:nt.

The joint capsule consists of two layers
(a) One of the layers of the joint capsule may thicken to form

strips of tough connective tissue called ligaments.
Ligaments are attached to the membranes that surround
bones and hold bones together in place.

(b) The outer layer of the joint capsule produces s5rnovial fluid,
which forms a thin lubricating film over the surface of a joint
and protects the ends of bones from friction. This
lubricating film enables the cartilage found on the ends of
the bones to slip past each other more smoothly as the joint
moves.

In son:c frccly movablc joints, smarll pockets of synovial fluid
callcd bursae lbrrn. A burszre rcduccs the friction between the
boncs of a joint and also zrcts as a tiny shock absorbcr.

Types of freely movable joints
i"rci:ly rnovzrhlc joints are groupcd according to the shapes of
surfaci:s of thc erdjaccnt bones. 'llhere are six types of freely
rnorrabk: joints:

a) Ball and socket joint - Permits circular movement - the
widest range of movement. the shoulder and hips joint, which
enable to move your arm and leg up, down, forward and
backward, as well as to rotate it in a complete circle i.e.
allows rnovement in all directions.

b) Hinge joint - Permits a back-and-forth motion. The Knee
enables your leg to flex and extend. The Elbow, which allows
you to move your forearm forward and backward (allows
movement in only one direction. Hinge joints are also found in

, fingers and toes.

c) Pivot joint - Permits rotation of one bone around another. It
also allows you to turn your head from side to side. For
example, joint found between the axis and atlas vertebrae are
pivot-joints.

13
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d) GHding joint - Permits a sliding rnotion of one. bone over

another. Found at the ends of the collarbones (clavicles)'

between wrist bones, and between anklebones'

e) saddle joint - Permits movement in two planes. This type of
joint is found at the base of the thumb'

0 Etlipsoid joint - Allows for a hinge type of movement in two

directions. The joints that connect fingers \Mith the palm and

toes with the soles of feet are examples'

Fixed join

Pivot join

Semimovable joints

Hinge joint

Saddle joint

Ball and socket joint

Gliding joint

Figure 6.7.7: Lacation oJioints

ACTMTY: 6.1.1

14

CoIIect clay soil and make models
ball and socket joint found betwe

of hinge joint of the elbow and
en the upper and the Pectoral

girdle .

What arc thc diffcrcnccs bctwccn yollr modcls and thc actu:il
oints?
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6.I..3 MUSCLES AIID MOVEMENT

We have scen that the skeleton is made up of a number of bones.
Somi: boncs arc flat likc skull bones some are short like vcrtebral
while others are long like human. Wc have scen that whcn these
bones join thcy form a joint. Ligaments keep thc bones in their
position. I,-rom the function of skeleton wc knorv thzrt the major
function is movemcnt. I-Iow docs movement occur or rvhat brings
erbout movemcnt. Probably through contractile tissucs known as
musclcs.

Muscles make up thc bulky of tl're b,ody in animals and account for
| / s of its wcight.

'lfrcir ability to contract cnablcs thi: body to movc and provide forcc
that pr-rskrr:s substanccs such as blood and food through thc body.
As such, the fuinctioning of other organs is assctciatcd with thc
musclcs.

'I'hc ner-vous systcm coordinatcs thc contraction of thesc musclcs
so ils to producc movcmcnt zrnd locomotion in the orgarnisms.

'I]rc musclc tissue is found every w'hcre within thc body, c.g. dccp
bcncath thc skin, ovcr thc skcleton, makc the organs liki: thc heart
and alimi:ntary canal.

'l-lri: sizt: and location of thc musclc tissue hclp to dctcrmine
shapes of thc': animals and the way of moving.

'Ihi:ri: ari: threc (3) types of muscles (musclc tissues), namely;

' Skcietal/strierted/voluntary muscles.
o Smoottry'unstriatcd/invoiuntary muscles
r Cardiac rnuscles.

Skeletal rnuscles
'l-hcsc ar:c muscles found attachcd to thc skeieton (bones) hencc
thc namc skcletal musclcs

15
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P
I

t]ll,sfle llb.c

Itucicus

Figure 6.7.8: Structure oJ skeletal muscles

'lhcy work under the will of the animal, (they work every time we
make a move or conscious movemcnt) and therefore, are also
called voluntary musclcs, the working of these muscles is
coordinatcd by thc ncrvous system.

Skeletal muscles arc made of slender, clongatcd or sized and
multinucleated cclls. 'Ihey havc long muscle fibres. Thc fibres arc
groupcd into densc bundlcs callcd fasciclcs by a connective
tissues. Several fascicles are bound togcther by connectivc tissuc
to form the muscles. Muscles are connected to the bone by
tendons. When viewed under a microscope, skeletal muscles
appear to havc striations (bands or tripes), hencc the name striated
muscles.

Skeletal muscles errc able to contract bccausi: of thc following
reasons

'lfre muscle fibrcs are slcnder, elongated, iargc and can contract
(arc highly spccialized for contract i.e . are contractile).

a

a 'lhey havc numerous rnitochondria which provide the cells with
energy for them to contract.

a 'l-heir attachment to skeleton enables the skeleton to be moved

ACTMTY: 6.1.2
1. strctch out your arm to the right. Ilxpiain how this motion

was achicvcd.

2. Compa.rc muscle strength in left and right hands.
(b) Which hand is much strongcr than the othcr?
(c) Iixplain why onc is strongcr than thc othcr.

16
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Smooth muscles
Smooth muscles arc found in many internal organs such as
esophagus, stomach, intcstines and in the walls of blood vessels.
'lhcsc muscles do not work under thc will of thc animal (not under
voluntary control) hcnce the name inrroluntary muscles.

Structure
Smooth muscle cells are spindle shapcd and each cell has a single
mucleus. Thcse cclls lack striations (have no striation) and
thercfore arc'unstriated cells. 'l-ire cclls interlace to for-rn sheets of
smooth musclc tissuc. 'l'hc smooth musclc cells are surrounded by
connective tissue but do not form tcndons.

*ticl*u*
musi:l* cr:lih{cn nlyi;,19( cytcpl;rtr*

Figure 6.7.9 Structure of smooth / inuolun.to,ry muscle cells

Contractions of smooth muscles move food substances through the
alimentary canal (digestive tract), control the way blood flows
through the circulatory system and increase the size of the pupils
of the eyes in bright light. Smooth muscles are able to perform
these functions because they are contractile, and have
rnitochondria for energy provision.

Cardiac muscles
lfrese are muscles found only in the heart. Cardiac muscle cells
are striated and each cell contains only one nucleus located near
the centre. Adjacent cells form branching fibres that allow nerve
impulses to pass from cell to cell.

(11S{ f}Ci
lr.ii.

hriri;:c lirrking.

c-r,ioplnrur

Figure 6.7.7O: Structure oJ the cardiac muscle
11
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Cardiac muscles contract without direct stimulation by the nervous
system. These are bundles of specialized muscle cell in the upper
part of the heart which send electrical signal through cardiac fibres,
fibres (ce11s), causing the heart to rhythmically contract and pump
blood through the body. The muscular heart of contractile cells
(fibres) and a lot of mitochondria enable the heart to pump blood to
the whole body.

Table 6.1.1 Comparison of muscles

18

Feature Voluntary muscle Involuntary muscle Cardiac rnuscle

Other names Striated, striped,
skeletal

Unstriated,
r-rnstripcd smooth

I'Ieart

Specialization Most highly
specialized

Least specialized More specializcd
th:rn involuntary

structure Very long cells
called fibres.
Iribres are bound
together by
vascular
connective tissue

Consist of
individual shapecl
cells associated in
bundles or sheets.

Cells terminally
branchcd artd
connected to each
other by intercalated
discs. Iiibres
arranged in three -
dimcnsion

Nucleus Sevcral in
variablc position
ncar periphery of
fibre

Single, elongatcd
and centrally
placed.

Several, ccnLrally
placed.

Innervations Under control of
the voluntary
nervous system
via motor netves
from the brain
and spinal cord
(Neurogenic)

ljnder control of
autonomic neurons
system
(ncurogcnic)

Myogenic, but rate
of contraction can
be influcnced by the
arrtonomic nervous
system.

Cross
striations

Present absent Present

Intercalated
discs

Absent Absent Present

activity Powerful, rapid
contractions
therefore fatigue
quicklY

Shows rhythmical
contr:l,ction and
rclaxation, as irr
perislalsis

Itapirl rhythmic:tl
contraction and
relaxation does not
fatiguc.

Iocation Attached to the
skeleton in the
trunk, limbs and
head

In rvalls of
intestine, gcnital
urinary and
rcspiratory tracts
ancl the walls of
lllood vesscls.

I-ound only in thc
walls of the he:rrt
chambers.
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From the above table, you can rrow be able to identiff the
similarities arrd differences between voluntary, involuntary and
cardiac muscles.

Horv museles cause movement
-'!s ,.-,-c have explained in thc above, rnuscles make up the bulky of
rirc bodr. in animals and their ability to contract cnables thc body
to rno\rc. If you take as an example, thc arm (forc - limb) thc man
has ability to bend and straighten his/her arm. Can you tell us
rvhert cause this movemcnt i.e. hcnding and strai$htcnin$ of the
:rrm? Iror morc dctails lct us continui: with thc discussion bclorv:

A musclc is attachcd at both ends to bones by tenrlons. A tcndon
is a strong; inclastic fibrc made of connectivc tissucs.

'i-he point ,"vhcre a muscle is attached to a stationary bonc is
known as the origtn and the point of attai:hmcnt to thc bonc r"'hich
irrovcs is known as thc tnsertion.

The muscles which cause movement of the body are called
voluntary or skeletal muscles. A muscle which causes the bending
of the limbs so that their bones come closer is called a Flexor
muscle and the movement is known as Flexion. Another set of
muscles which cause the bones to move apart and hence
strengthen out the limb are termed Extensor muscles, and the
movement is known as Extension. Usually extensor and flexor
muscles work in pairs and in an opposing manner. Such muscles
are termed antagonistic muscles, are those of the human arm,
the biceps and triceps. For example, the relaxation of the biceps
and the contraction of the triceps straighten the arm. The
contraction of the biceps and the relaxation of the triceps bring
about the bending of the arm.
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< in) Tlre rrlaxrtior rf the biceps *nri

the ro"rtrcctiol cf rh* tricrps

br"ing cbout the rtrehhreninq

r:i the erm.

oi muscles

i{iexor nru;cie}
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insertio*:

of museles

u Inq

Figure 6.7.7 7: Mouement oJfore limb

The figure above shows how two important muscles of the upper
arm, biceps and triceps muscles bring about the bending and
straightening of the limb. When the triceps muscle (the extensor)
contracts, the limb is straightened. The contraction of the triceps
is accompanied by the relaxation of the biceps (the flexor). When
the latter contracts, the arm bends simultaneously, triceps relax.

(extenlor

tr i(rp:

musele)
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6.I.4 SUMMARY OF T}IE UNIT

e Movcment cnables organisms to search ernd obtain their
necds.

Locomotion is the movcment of the whole body from onc
plzrce to another (mainly by animals).

o

c Movement is the change of position e.g. turning the head to
the left or right or roots moving to source of wi.ter or leaves
turning to light, (mainly shown by plants).

skeleton is a structure which offer support to the body. It
also protects and manufactures 

"o*e teils e.g. red btooa
cells.

c Muscles arc contractilc tissucs in the bociy. Muscles bones
and joints cnable movcmcnt to takc place.

. 'lht:rc arc thrcc types of musclcs,
- smooth musclcs (of tubcs e.g. intestines and esophagus)- Skclctal musclcs (special for movemcnt)- Cardiar: muscli:s (musclcs of the hcart)

BeJore proceedtno Jurther, do the -followtng exercise
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6.1.5 SELF CHECK EXERCISE

1. (a) What is the importance of movement/locomotion?

(b) What are the differcnccs bc'twccn locornotion ernd
movcmcnt'/

2. (a) What is the difference between endoskeleton and
exoskeleton?

(b) Give functions of the human skclcton.

3. (a) What is a muscle?

(b) Name muscles that contribute to movement of food
along digestive tract.

4. What is a joint?

Ctrcck Aour ansluers agatnst those gtuen at the ertd oJ this untt.
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6.I.6 TUTOR MARI{ED ASSIGNMENT

l. Differentiate between
(a) Movement and locomotion
(b) trndoskeleton and exoskeleton
(c) Hinge joint and pivot joint
(d) Tendons and ligaments
(e) Smooth muscle and skeletal muscle
(fl Flexor muscle and extensor muscle
(g) Humerus and femur
(h) Synovial fluid and hydroskeleton
(i) Axial skeleton and appendicular skeleton
0) Bone and cartilage.

[3O Marks]

2. (a) What is the importance of bone marrow? Differentiate
between ossification and classification.

(b) State at least four functions of the human skeleton.
[2O Marksl

3. With a diagram and short notes explain how muscles bring
about movement. [25 Marksl

4. trxplain how the following movements are brought about:
(a) Movement of food in the digestive tract
(b) Bending of the leg
(c) Pushing blood in the heart
(d) Blood flow in veins. [25 Marksl
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6.L.7 KEY ANSHTE.RS TO THE SELF CHECK EXERCISE

1. (ai Morrc:mcntllocomotion cnables organisms to search for
thcir necds c.g" roots mo\re to seitrch for water and
minerir_i salt. or migration of animals durin$ drau$ht to
suutir.-\s'\-tltsi\,'ls\srss'xsr\-sl'Ns:r-

Loe:o:notion: mo\remcnt of the rvh-olc body from one place

to anothcr c.g. human, whiic movcment is changie of
posii.ion especially in plants c.$. leervcs lurn towztrds tight.

Ilxoskclcton is skelcton found outside the body. It covers
thc flcsh c.gi. in arthroPocis.
An cndo-skclcton is for-rnd in thc insidc of the body. It has
becn covcrr-'cl \Mith flcsh.

(b)

2. (a)

aU

4

(b) Functions of the human skeleton
- I)rotccts delicate structurcs.
- Flelps in morrement.
- Manufactures rr:d blood cclls and whitc blood cells.
- Stores rnincrals c.g. calcium.
- Supports thc body or gives the framework of the body

(a) A structure made up of contractile tissues which can
contract and rclai.

(b) Longitudinal and c'ircular muscles, smooth muscles.

A joint is a placc wherc two or morc bones meet.

24

lnstitute of Adult Education ODL Study [Vaterials

I



IIMT 6:2
COORDINATION

)<

lnstitute of Adult Education ODL Study Materials



CONTENTS

Introduction

ObJecttves

Nenrous Coordination in Animals

General ConcePt ...

The Nervous SYstem ...

Self Check Exercise One

Sense Organs

Self Check Exercise TWo

Drug and Drug Abuse

SeH Check Exercise Three

Hormonal Coordination irn Animals

Self Check Exercise Four

Coordination in Plants ...

Self Check Exercise Five

Summary of the Unit...

l\rtor Marked Assi$nment

Key Answers to Self Check Dxercises

PAGE

t

6.2.O. r

6.2.O.2

6.2.O

6.2.L

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2. rO

6.2. r I
6.2"12

6.2.13

6.2.14

27

27

28

28

28

43

44

60

6l
63

64

7l
72

80

81

82

83

26

lnstitute of Adult Education ODL Study Materials

t



6.2.0"1 INTRODUCTION
Let us imagine that you are walking back home and suddenly

you sce a s-naki: crawling towards You. what r1teps would you

takc to $ct out of the danger?

Supposeyouwerecookingandaccidcntallyyoutouchcda
glowing wtod/charcoal frow ala you rcact? Supposc onc of your

nrgr".r=-1".g. liver/kidney) is affccteg 1.d not rvorkirrg or:opcrly'

can tnat also affect thc functions of other organs?

'l-his unit wilt tell you how your body reac:ts to ctrarigcs in
cxternal and internal cnvironments. It witl also tell -vou how

plants rcact to changes in their environment. In additicn, it u'ili
enable you to know Low the linking together of the functions of

diffcreni organs helps the body work in orderly manner' It's my

hope that liou will bc intcrested to know, for examplc why you

smilc or become angry when somc one looks at ysl-l' I'-or ntorc

dctails welcome to the lcsson and we hopc you will cnjoy

studYing it.

6.2.0.2 OBJECTTYES
At the end of this unit you should be able to:
. Explain the meaning and importance of coordination.
. oxplain the role and structure of motor, sensory and relay

neurons.
o Bxplain adaptations of each neuron to its role'
. Describe the structure and functions of the parts of the

central nervous sYstem.
o Explain the meaning of peripheral nervous system and list

its comPonents.
. Draw a spinal cord and show pathway of reflex action.
o Distingui;h between simple and conditioned reflexes.
. Explain the meaning of sense organs and stimuli for each'

. Identiff and describe the functions of the parts of sense

organs that is skin, tongue, nose, eye and ear'
. Explain how each sense organ works'
. Oxptain the meanin$ of drug and drug abuse and name the

types.
r Identi$r endocrine glands and their locations'
c Describe the hormones secreted by each endocrine $land

and their roles.
e List and define types of tropic movements and their stimuli'
. Bxplain the effects and significance of tight, water, gravity

and chemicals on direction of plant growth'
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6.2.0 NERVfttiS COORDINATION IN AI{IMALS

In the previous unit rvr learnt arbout the movement. We looked at
the humall sk.-:Jetal svsti:m, joints ancl types of muscles. We also
de-scribed the r,v=.,v mu-sr:les bring rnovcnlent. I.et Lls now look at
anotLrer rri:it callecl ccordination. In this unit rr,'e shali see the
nerrorls r:*r:rciinaticn in anirnais, scnsc organs, I-Iormonal
coor"dinatir;n ln irnin::rls (Ilndocrine systcm), drug and drug abuse
and finali;i., rr'c sh;ili ciiscuss tire ccordination in plants. Let us now
}:egin ourr discussior:s.

6.2.3. GtsNERAL CO}JCMPT CIF COGR.T}XNATION

IIumar: l:ody is nracir: up r,if rnillions of r:ells. Most (if not all)
spci:ialize t-o pericrnL a cr:rtain function. l"or example a cell
spccializcs tc bccomc a reproductivc ccll. In order to perform its
function it necds food, mcans of transport etc. Its production is
impossiblc if it works alonc. Muscles, brain, eyes and many other
organs of the body arc inr.olved. 'lhcrcfore in order for the body to
funr:tion as a single unit, nerves (special celis) carry information
fronr different parts of the body concernccl to that activity. 'l'hese
arc internerlly r,vorhed otit 1:_v the brain to bring effective action.

Nen oi-rs coordination is important in linking body activities. In this
topic you zrre going to iearn horv this linking takcs place. Therefore
coordination is thc linking togcthcr of body activities. Withor-rt
r:oordin:rtion body zrctivitics become disordcrly and thus, the body
malu fail to function properly.

in aninrals there are tr,vo systems involr.ed in co-ordinaticin. llhese
are:

" 'lhc nervolrs svstem
o Iindocrinc system.

6,2.2 THE NERVOUS SYSTEM

This is a system which controls the body's response to externai
a,nd internal stimuli by scnding impulses along nervcs rapidiy
i;ringing :rbout actions from the muscles or glands: The nervous
system is composed of nerve cells or nelrrones.
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(i) Nervous Pathway

Ncrwous pathrvay involves five major components;
e Stimulus
. Receptor
o Coordinator
. trffectors
n Rr,-sponse

Stirnulus
Is anything internal or external which when applied on the
body brings a change in the external or internal environment
of the body e.g. Iight, heat, touch, pain, smell and sound.

Receptor
Is a structure which detects the change in the environment,
examples; eye, skin, ear, nose, and tongue.

Co-coordinator
Organ which receives message (impulse) from receptors and
coordinates activities in the body. Brain and spinal cord are
cocrdinators.

Effeclgrq
is an orga.n controlled by the brain or spinal cord to bring
about corrcct responses. Muscles and glands are the main
r:ffer:tors.

Responsc
Is a body activity provoked by stimulus e.g. salivating when
smelling or sceing foocl.

(ii) Nenre cells (Neurones)
Flumans have three types of neurons (nerve cells) namely;

29

lnstitute of Adult Education ODL Study Materials



Sensory neurone s (A{ferent neurones)
They lirrr. long ax6ns and transmit nerve impulses from

".rr"ory 
receptors all over the body to the central nervous

system (brain or sPinal cord).

andtngx

Figure 6.2.7.' Sensorg nswtror*e

$*lrttarn

rtti{:ll}Pa

L{0*

Figure 6.2.2: Motor ln.eurofte

br'idy

in *kir
'l

M otor neurone s (Efferent neurone s)

Cfi.y also have 1ong axons and transmit nerve impulses aop
the central nervouJsystem to effectors (mu.scles and glands)'

f1:rst:vitr
,xh*.'*lYl

fi*rvr*i

an*alir
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IrtternetLrones (Rel au neurone s)
Thev also called intermediate neuroncs. 'l-hcy arc usuaily
much smaller cells, with many interconnections which
connect sensory nelrrone and motor neurone i.e. the-v* relay
message liom sensory neurone to motor neurone.

Oi-."n{k$*:,

r:-{rill.:.e.d!

:,t'1.*{t

* ##r##\tt- ,"axdirlfr*

Figure 6.2.3: Relag r.eurone

Synapse
Neuroncs ai:e not cr--rntinuous u,ith one another. 'lhey are connected
to one another by a synapse. The nerve impulses must
pass/across a synapse rvhere the axori of orre net-trorfe meets the
dendrites or cell body of another nelircnc. Thc ncurone rvith
impi-rlsc cnds in a srnalt knob called sqnapLic lanob.'lhis contains a
chemical substance called neui:otransmittcr which bridge the
neurons. lhis chernical is storcd anri r:elcased h1, synaptic clelt
between adjacent neurones.

'Ihe sl irapr;e is a micro-.icopic gap nrrcr whir:h nenre irnpiei:,;t:s n:r-lst
pa-ss r.r.rilftr nlo.;ing frorn one neurone to the next.
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S;;naptic vesicle

Presynaplic
Nlembrane

S-vnaptic cleft

Post s_vnaptic
Membrane

End part of dendrite

Ntitochondrio

(.'.] rr{-/ ur
Synaptic

Nr:urotransmitters

Ngure 6.2,4: Strucfure of sgreepse

Organisation of the trIuman Nervous Systerxn

How are Nervous Systems Organized?

'lhe nervous systern detects changes in difl-ercnt fcrrrrs of energy
(light or pressure) or a change in the conccntr:'ltion of chemicais
(taste or olfaction). This energ/ is detected try thc rr:ceptcrs *t
specialized sensory neurones.

This information is then conducted l:y the sensory neurone to the
interneurones that are involved in the prou:ssing of tlee signatr" Th<,:

information is transforrned at this point eithcr into a per:cept!*n cr-

to a corrunand. Then motor neurones transport tl:c infc:::nation to
the effectors r,vhich are either muscles or {land cells.

The Role of a Nenrous System in an Organism
A nervous system allows ar1 organism to sense information about
its environment and responds rapidly. An organism with cornplex
behaviors will have a well developed nervous system. The nervous
system is responsible for complex behaviors.

Studying neurones and nervous systems rvill ultimatcl,r. allor,v us to
understand the biologicai basis for consciousnr:ss and the raatur*
of the processes b), which we perceive, act, learn arecl respci-rd"
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The human nervous system is far more complex 'han a simple
reflex arc, although the same stages still apply. The orgarrisation
of the human nervolrs system is shown in fhia diagram

Nervous System (NS)

Peripheral NS Central NS

Autonomic NS Somatic NS Brain Spinal Cord

Sympathetic NS Parasympathetic NS Forebrain N/irlbrain Hindbrain

?igure 6"2.5: Eiluman. neruous sgstem

Central Nervous System
Coordination is the linking together of body activitics. F or ihis to
be effective many systems arc neccssary. 'Iror example, hormoncs
affcct zrnd control rcproducticn. 'lhcy work slowly btit their effect
nlay tre permnnent. Ncrues arc r:longated cells responsible for
information (imptilseJ tr;rnsportaticn.

Herc we are going to lcarn how the central ncrvous system co -ordinates or acts on impulses comingi to it. we will also learn or
discuss the components of ceni.ral nervous system.

The ccntral l\icrvous svstem (clJS) is r:,rmposecl of the brain and
spinal cerd. 'fhe CNS is surrounded b), bone-sleull and rrertebrae.
Fluid and tissuc also insi-rlerte tllc brain aincl spinal cord.
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cerebrum

cerellellum

Brainstem '
Spinal cord

Figure 6.2.G: Cerafr'*"[ $?csrrffiE{s sgstern

The Brain
The brain is composed of tlr.rec parl's; i-;a:qlr':i'/

(a) 'lhe forebrain,
(b) l]re mid brain, anrl
(c) 'lhe I-Iind brain.

The Forebrain

Cerebrum
'fhe forebrain consists mainly of cerebrussl' 'lhe t'halamus and

hypothalamlrs are the parts ol rhe forehrain founci in the innerside'
'lhe thalamus acts as i switchin$ ccrltrr,: filr ncn'c mcssages" 'I-hc

hypothalamus is a major hnnle*st:rt"ii: r':cl-Ltr:r having both nerr''otls

"nh endocrine functio,s. 'llic h-lfpoth:l'lamlrs re$ulates

homeostasis. It has reguiati;r-y aL'(-'il.s ii;r ttrir:t, hun$cr' Lrody

temperature, ,uvater balance, aviri hlc;or} pressurr:, and links the

Nervous System to the Iir:riocl-inc Svstc,im.

'lhe cerebrum, the iargcst part '.:i the hurnan irrain, is divldcd into
left and right hemispheres coilllecf-r:d tc r:acir clhcr by tl'e corpus
callosum. 'lhc hemlsphei cs arc cuvi:rr:C i:-y a ttrrin lnyer o{ grey

matter knortn as the cerebral cortex, 1-his gives brarin its grcy

colour. 'I-his is the most recentXy- Cr'*ived region cf the vertcbrate

brain. Fish have n0 cerebral cortcx, arriphibizrres ernci reptilcs havc

only r-udiments of this area'
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The cortex ir: each hemisphere of the cerebrum is between 1 and 4
r:1m rhick. Folds divide the cortex into four lobes: oecipital,
cerep*raI, parietal, and frontal. No region of the "nrain functions
aionc, although major functions of various parts of the lobes have
'i: e eie detei'rnirre d.

Cerebral hemisphere

trituitary gland

Cerebellum

Medulla obiongata

Figure 6.2.7: Cross section of the human brain

Eunctions of, eerebrum
fl]orretrattor: r:i impulses and coordination of responses.
{t cnretrols ai} voluntary actions such as learning and
inteltigcnt behaviour, memory, will power, imagination,
rcasoning ancl juCgment.

6

6

'ilais is the parr where correct responses in a given situation are
nr.rdc.

i fle lvJ,E{l BE'iaffiE

;\cts ;is ail. impcrtant link betvu,een the hindbrain and forebrain.
I-Iencc it is a palhway of nerves from fore and hind brain. It
cc;mtrols refiexes of sight and hearing e .g. constriction of pupils.

?he EHicad, fu,rain
'I-]ie i:i;rri bi':in is composed of cerebellurn and medulla oblongata-

CereT:ellllrsl
"il;rl .rc'i"ei;i;iiu:.n is the third part of the hindbrain, but it is not
L-rlii.'ii{iei-.,d as part of the brain stem. Irunctions of the cerebellum
ir:r:ii,r,j* iinc rrlotor coordination and body movement, posture, and
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balance. It ai-qo conl-i:r:ls tire involunl-ary fililveiilelrt of thc trody. It
regulates and coordinates mnscular rrtovttlnent. Anl,'damage to the
cerebelkim not surprisin{iy results irr jerky and uncoordinated
rrrovements.

i\{edulla Oblongata
'lhe rnedulia oi:l*ngata is clcsest. to tire spinai corcl, and is involvcci
with the control cf lrloverncnt of the bod1, espr:r:ially those
concerned with respiration, heartbeat-, br-eathing, vasoconstr"iction
(blood pressure), and reflex centcrs fc;r vonriting, cor-rghin$,
sneezin$, suiallowing, anC hiccupping.

ACTTVITY:6.2.1

"Excessive alcotrol cirinkirrg brings ill irealth to individuais."
Ilxpla,in.

Spinal Cord
The spinal cord extends fi:om the meduiia obicngata or brain stem
to a point near the "tail." It i"s surrounded and protect-ed b3r

meninges and vertebrae.

It is a hollow tutrc, continuous wjtLr the brain verttricles, containiltq
cerebrospinal fluid. This is a clear fluid havinfl a similar
corrrposition to tissue fluid.

llee inner part has grey matter r,vith many ceii boCies and
dendrites which conduct impulses to celi body. 'llec outer part iras
white matter consisting of axon which carries away impr-rlses fram
ceil body and from spinal nerves. The spinal nerves arre mjxed
nerves which have tvro roots; the dorsal root is connected r,r,'ith
sensory neurone and the ventral rrtot ccnnects r,vith tite motor
neurone.
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Functions:
(i) it transrnits sensory and rnotor inrpulses to and from the

receptors and effectors, c,;: rclays, serrsory and motor
impulses to and frorn the brain"

(ii) Major coordination center for sirnple reflexes.

rNh\tx

w*$"*:r

W*rew.t

ll*t*' Tnterrr*ur*n *ar*x4
{**rsat

{*r:?"

gm*g.li*.rs
r,**.

rnwli*r
**r*,*I tYtwtltj {i*rsw*t"l

{1* }{*itr\

V*rrtrcl
hr:r:n

tt4iyx*
p*rip\*,rw,l

?*;:tr*l {l:"*rrt}
b,&*t*r

fi*r-,rt)ft

.Ftgeer'e 6.2"S; ?Ys.rasuer-ssl Sec*fcre qf spiraa.l eord

Verluntary an*l f{efiex A**i*ms
1'he celr:hratr cort.*x is inrrolvc:cl in cr:ntrolling voluntary actions.
volurltary actions arrr: actions .,vhickr are thc result cf a wILL or
cr:nscious ciccisicn e.g. urniking; talkin.{ etr:. this occurs sometimes
after the stimulus.

A reflcx action is orre which cccr-rrs err,rtomatir:aiiy. It is a rapirl
automatic responsc to a stinruius. Ti_ is r.urlearnecl or" inborn
response, to stirnrrlus. i't, is er proteci.ir;r: insti:lt:til.,c erction ancl an
example is sccn in si,c bli:.:kin5; ar:d g:r-rpri r cflcx and secretion af
saiiva as rcsponse to fbcld"

Characteristics of sirragale reflex actioms
These occl-lr automatically vrithout control of the brain, very rapid
and can be conditioned" conditicned i.e. learned and practiced;
reflex is present at binth and can disappear.

-"7

{3r*g

Rwxp{*r

*.rr.:ftral

*ar'*l
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(i)

(ii)

(iii)

NOTE: A habit is diffcrcnt fi*rn r:n ir:.stinct ber:attse an instinct is

inherited zrncl not learncci and lr* gradriatr inci-ease in skiil as

habit.

Types of reflex actiocas

Spinal reflex
rnis is the reflex which iravol,u,es only the spinal cord e.$.

Wjthdrawing of hand fiom a sl:.arp pin.

Cranial refnex
'l'his is a kincl oi reflex t-llv+ivi-rs ti:r hl';:;r io r:c;orciinate thc
aci-ivitics c.g. CcugiririS.

Conditi<lmeC reflex
Thcse are rcsponses cf iic lc io*.gi t.er*r llerrting and practicc.
'fhey are forms tlf rcflcx actions r:.'1tc:-f t-lie t-r''-pc of r"e sponsc is
modificd by parst exlicriencc. i-or c.xi.tnti:lc if dr;gs are $iven
food, they salivate as thc3r s{ic tiltl icod' Supposc a }:ell is
rLlng bcfori: giviitg thrn ibr;'-i c\.rcrY da-v. 'l-hesc clcl$s 

"vill
as=ocialt" thc bell :rnd thi: fr:o.J. &f,tcr a icng peri.oi of givirrg

them foocl after rin$ing a beil, Lk:.c brrll nray becorne the
stimulus instcad of focd. '1]ri:.1 is" rtriren tkri: br:li rin$s they
salivate even if the fbod is 5ct- thtr<: (Pavlc;v's r:xperiment)"

'I'his is a kincl o{' rcflcx im;cil."';r:{ br:tii t}rc "l-:i ain and spinal
cord.

Reflex arc
This is the patirr:'rii3;" l;:i'"i.:n i:-.,' s;i*ipli: ; clicx actions. Thc three
types of ncurotres a1"r i;l-ra:rliuci in civ'cuits and netr'vorks, as

shor,'un in thc lclilort'ii:g Jtl:xi;:r:r'

1a

Institute of Adult Education CDI- Study [laterials

t



silifialr:*rd
ftrt*pl*r
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L}JII

74\\!i,0r':i
fi*Ulllrp

ttt*\*t
ft9.4){fite:E ii':Zerrt*t",,n*

rffBIlnr (errurrl ,li

Figure 6.2.9: A simple reflex Arc

In a simple reflex action, such as the knee jerk, a stimulus is
detected by a receptor cell, which sJrnapses with a sensory
neurone. The sensory neurone calTies the impulse from site of the
stirnulus to the central nervous system (the brain or spinal cord),
where it Slmapses with an interneurone. The interneurone
qmapses with a motor neurone, which calTies the nerve impulse
out to an effector, such as a muscle, which responds by
contracting.

Reflex arc carl also be represented by a simple flow diagram:

lllrfttl
iipliii!l'lJ rri,tlrl'tlE

't;ltt{ikli:tu(rlttii (-(t'titit *t;j&(\ hrfli{tfir ftr)fii;lf.{stli ff)*,ilftf; rll*rif lflttll,if {rttlfifl,
'\Tii*iraii;iniliil irl,,lflrl;{rifli:i,l 11laliii flf,it,i[irttl

Figure 6.2.7O: Reflex arc

In a reflex arc, Sensory information is processed at the level of the
spinal cord, resulting in action without involvement of the brain.
For example, if one's fingers are burnt by a candle, the hand that
receives the painful stimulus is rapidly removed from the flame
r,r.ith a jerkrng motion. At the Same time, the brain is receivin$
inforrrraticn indicating that a painful event has occurred in the
hand" it is important to understand that although the brain may
perceive the painful stimulus, the reflex arc acts to retract the
hand without direct input from the brain.

lnstitute of Adult Education ODL Study Materials

39

rB$pfi158tifurtr:rcrr:rilin,:tr rtiir,ir iir t:..-ritllttJ!u.f t*r:*l']tfrt

{
L



ACTTVITYI 6.2"2

Peripheral Nerqrous SYstem (PNS)

The beripheral Neruous Si'stem contairrs ctrlY ner:''es and connects

the brain and spinaL cor-cl {cNS) to the rest cf the bod-v" The 4x(}il5

and dendrites are surroupclerl hy a v"hite nryelin sheath' Ccll

t-lodie s are in thc Central l{en ous System [CNS) or gara#lie'

Ganglia are collections cf nel'e ccll boCies. Cranial nerves in thr:

PNS"take impulses to anrl frorn Lhe brain {CNSI' Spinatr nerves taki:

impulses to and awaJr ft:orn the spinal cord._There are two mra!*i:

".rldi.riuions 
of the PNS motor pathways: the somatie and the

autonomic.

Somatic Nervous SYstern
The somatic nervous systefll consists of peripheral nerv'e fibres

that sencl Seifsory information to the r:eltral nerr"ous system and

motor nerve libres that projr-:ct 1o skeletal muscle'

Central Heruutts $r=tem
(Ertin,Epinal Cordi

Axon
Flffe r:tor
(Muscles)

The Autonomic Nertrous Systern (AI\IS)

The organs of your bod.rr, such as the heart., s1ornach and

intestines are regulated by a part of the nervous system called the

autonomic ,r"*8.r." system The ANS is part of 1he peripheral

nenous system and ii controls man\r organs and muscles withir:
the body. In most situations, 'we are unaware of the r'';orkings of

the ANS Lrecause it functions in an inrrr:hrntarlr, reflexive manner.

For example, we do not notice when biood vessels change size or"

when our heart beats faster. However, some people care be trained

to control some functions of the ANS such as l1eart beat rate or

blood presslrre.
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(b) 'l'ell your Partner to sit on a chair with one Leg crossed over the

other at the knee.

{c} 'I-ap her/his cr:ossecl kilee just }:clorv the knee cap' trxplain
your r:bsen'atir:n.

I



Thr-: ANS is mcst irnportant in twc situiations:
. In emergcncies that callse stress ancl requirc us to

"ii,qirt" t.,t-take "fligirt" {run av;ayj and
. Irl non cim€r$cncies that aliou, :-rs ta "rest" and "digest."

'lhe AIi{S regulates:
(i) ivfuscles

- ire the skin {arcund h;rir fa}licles; smooth muscle),
- arourld i:lo*cl vessels {sntoath muscle),
- il-l t-he eyc {the ir-is; srraoot}r r:ru-sclc),
- in the stornach, intestines and bladder {smooth musc}e),
- in thc heart {cardiac rnusc}e),

(ii) Glands
Farts m*'t!:.e .&&"S
The AI/S is ciivided into tw.c palts:
- lfic syrnpathetic nervr:u5 s'r'st{)fil
- Thr parasyrri:a:theiic ylcl-v{}Lrs system

The Sympat}aef,i* Fiervoers Syrsterra
It is it nice, sunrly r1a5r.".... )rcll are takir-rgi a nice walk in the park.
Suddeniy, aii angry Li*n appears in your path. Do you stay anci
fight OI{ Co yoll trtrn and run anr,,ay? Thcsc are "ffight or Flight"
resporlfic*e. ln these types of si*luations, your s3rinpathetic nervous
systein is callecl into elction - it uses enrrrgy - _v---ol-tr l:lood pressure
increases, yor.lr heart beats fu.ster, and rligestion slows down.

'p6s ;aympathetic Nenrous System has a series of gangtia that lie
along thc rrertch;:ertr colurnn, clc.se to the spinal cord.

The Farasymrpatheti* Nec'voa:.s S3rstern
It is a nice, si-lnfty da3r...... you ari: taking a nice walk in the park.
This tirne, horrr'cver, yolr ciecide l* r:elax on a ccmfortable chair that
you lie,ve hrought along intth you. liris calls for "Rest and Digest"
i:esllci-r-ees. Idc-rv it is tirtrc fcr the Flarasvmpathctic nervot-ls system
to u,c::k to save cnergy - Jrot.rr l:loori pitessill:c der:reases, yot-tr heart
beats slc-,vr:r, and digcstion can start."

Tire Faras;vr;rpatlar:tir: Idclwous .$;i'stern teiis a series of ganglia that
lie to ttlc r"valls ci the effcctor oi-sans. 'l'hcse tr,vo systems are
antago;ristical i.e" they behavc in cpposite ways.

I-Iere is a. sufirrraly of sotnc oi the effects cf syrnpathetic and
parasyrilpathetic r:{irrar-r1ati*ii. i{*t-ice that effects are generally in
cpposit'ir:;: t* ea"cl: r;thrrr.
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Table &"2.2: TIze Aut*raos:gie Hervrous Systesra

It should be noted that the .-'.i-!.i*trLolilic x-eivi:r;S ljvsl-'jlil is ahtrays

wcrrking'ItisNoTonllrgii!1li;lil-lrine..figleti}r|!igh|',c-*1.''restand
digest"-Situati.ons. Ratirer, t}:.r: irut*r:r';*-dC 1-1Ct-v'fir-il+ lsnTsi'etn acts to

maintain normal internal fL.rliltioils a*d 'nt*rks ;"ttli tli* silmatic

nervous sYstem.

The differences behr.zeel ttre Feripi:rrra]- irierv,l'-:ri sY:-'tern iPl\'is) and

the Central Nerr''ous Syster:r [C]'lSj are th:"l':
(i) In ti:e CIVS, coltections of ne-.;;:olrL's arry <;alk:cl *ucLci"' 

"vhile 
in

the PNS. collections of neuroncs are *altrcil $anglia.

(ii) In tire CNS, collections o{ i{x.rlls iu'c caii*i-i t-::icts, raihile in
the PNS, collections of axuns are cailed' t:erLts'

Before proceedtrr-clfurther, {*{1"?:!iiete th,e.{*l"ir.;r;iir'..; {:xercise
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Ttte Autc:rorni.e $lersous
Farasy:ttPatEeetie
StirnulationSymB atkr et3 c -qtirmu! atlo seStructure

Pupil constrictionPupil dilati';nIris (cye
muscle)

Saliva production
increased.-1a] i',ra prod,.: ction recl-r.l ce r-1Salivary

Glands
Mucus prr:duction

N{ucus p::*dr ii:trorr- rcd'*t t--tdOral,/Nasal
Mucosa

Ftreart rate and force
decreased.

Iieart ratt and for-c*
incrcasedHeart

Bronchia-l rnuscle
contracted.Ilroncl:iaL muscir: itia.o".iiLung;

PeristaLsis inc::e :rse d
Pcristalsis redur:i.:r,1Stomach

Digestior:. increased.Digestion reduccciSmall
Intestine

Secretions and motilitY
increased.

Secretions anci moLiiit-y
reduced

Large
Intestine

Reduced conversion cI
fo '.-1C{lSC

Incrcased convcl sii;n of
to 'LLC{}SCLiver

Increased urine
secretion.Decreased urine secretionKidney
Idore-pinephrine not
secreted or secretion
reduced

Norc-pinePhrine ancX

epinephrine secreteil
Adrenal
medulla

Wall contracted,Wall rcla-xcd. SPh incter
closedBladder
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G.2"3 SET,F. CTIECK EXERCISE ONE

1" (a) ,I'he nervous system has two main functionai divisions'

the central Nervous systern (cNS) and Peripheral

NervousSystem(PNS)'W'hatarethemajorpartsofthe
cNS?-----

(b) Name three regions of the brain
i)
u,
[1,

2. List down in order the five (5) components of coordination in

animals.

oo In what form are messages transmitted along the nerves?

4. \\4rat is a svnaPse?

5. \\ihat is a conditioned reflex action?

{)**t{;ure Uour ansluers ustth those gtuen at tle end oJ tltis untt'
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6.2.4 SENSE ORGAIIS

I hope you are aware of how information is put together in line in
your body. we say this because of what you explored in the
previous section. Now let us try the following. Take some salt and
put it onto your tongue, what did you feel? Look around you, what
did, you see? Touch a place of iron after putting it in fire for a
minute. what do you feel? You are feeling some bad smell coming
out of your toilet, what happened?

These and other more questions will be answered as you go
through this section on sense organs.

th9 sense organs are the receptors of the body. They receive
information about conditions both inside and outside the body.
This information is known as the stimulus, because it stimulates
the sense organs.

The sense organs enable mammals to see, feel, taste, smell and
hear. They enable a marnmal to be aware of the conditions of the
environment e.g. heat, cold or any changes which may occur.

ffiles of Sense organs
There are five common types of sense organs, namely:-
- Eyes - used for vision/sight.
- Ears - used for hearing, balance.
- Skin - for touching/feeling.
- Tongue - for tasting.
- Nose - for smelling.

Table 6.2.3. The types of sense organs and their stimuli

Ele
Receptors which are concerned \Mith sense of vision are located in
the eyes.

44

Sense organ Stimulus Function
Eyes Light Vision/Sight
Ears Sound Hear, balance
Skin Heat, preqsure Touch/feel
Tongue Taste Tasting
Nose Smell Smelling
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If you look at you.r neighbour's cve, you rnay find that, the eye is
roundish like a bali. It has tlrree well marked regions. There is a
small. dark central portion caller1 the puptl. The pupil is
surrounded by a Cark bror,',.n region called trus surrounded by a
white portion ,,vhich forms the sclerotk Lager, which is the iargest
part of the eye ball.

eye!iei

scl*r*tie
i-.,1--

iris

puPit

)L

Figure 6.2,71: DxternaL structure of the ege

Structure of the eye
'lhe wail of the eyebail is made up of the thrce layers, namely:-

. 'Itre sclcrotic layer (outermost layer).

. 'Ifre choroids ieiyer (irriddle laycr)
o 'lhe (retina innermost laycr)

ciliaty mr:scl* scler0tic
rnuscle

ciiicry prucess
choroid

iris

retine

c')rftc&

r:*n!u*ctiva

suPil

lens
blind
$p0t

aqL.e0us
hum,lur

GPtic
nsrve

$USPen+qCrY

ljSefi*nl
vitreous
hurnour

Ngure: 6"2.12: Ilr"terruo,l structure of th,e ege
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A

Pupil Radial muscle

Circular muscle

,' 11 1r;-1\-i:ii

B

Radial muscle

Pupil Circular muscle

Figure 6.2,73: Response oJ iris to light intensitg
A: in bright light qnd B: in dim light

In dim light, Iris contracts and makes the pupil to become large.
Here the circular muscle relaxes while radial muscle contracts in
order to widen the pupil so as to allow more light into the eye. The
ciliary body connects the iris to the choroids and consists of ciliary
processes and ciliary muscles.

ACTwITY 6.2.3

1. Enter a very dark room. What changes do you experience in
your eyes?

2. Immediately from a dark room go to an area \Mith very briglrt
light.

Expiain the changes you experience in your eyes

Suspensory Ligaments
These are fibres that arise from ciliary body and hold the lens in
position.
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Lens
1l:e lens of tire eye consisis of transpa::ent ;rlatr:rial (tissur:s) urhich

is attacheC to the ciliarv boclies by s:-isp*ilsorlr liganecnts" It ts

concernecl rnrith tbcusirrg c1t:iir irtlagc on lire back of the c3''e' Tkre

shape of lens is ccntrclied i;v t.he relaxing and contracting i'"f- the

ciiiary muscles.

Aqueous hurnctl.r

This is a v.ratcry tltiid f';u;rd hetween thc cornea arnd the lerls' It
helps to maintain tire shape of the eyc artcl carries nutrients anC

oxygen tc the corifea i:rld lens.

Vitreous humour

It is a transparent, jei\r - like nrate::ial found beirind the lens' It
helps to maintain the strape o[ tht eye' lt pla}r5 part in focusing an

imige on the retina by bending iight rays passing through it.

The Retina
It is the innerm<-rst layer of the eyeball. It is eiastic arr.d has a lot *f
btood vessels. It has pigments and contains phctcreceptors catrled

the RoDs and coNlrs which are sensiti-.,c to biack and v"'hite

respectively. Rods are very sensitive and function in dim-iight anrl
are located more around the sides of the retina" Cones function in
bright light. and are also sensitive to r:olour so they enable u.s i;:r

distinguish colours. That is r.vhy it is diflicult to rnake r:ut colou::s

in dini - light. Most of the cones are conccntrate d in an area caltrcd

trOVEA (yettow spot). 'lhe nenre libres from the rods and cor:-es joi'r.l

up to form OPfIC NtrRViiS rvhich Lead to brain.

Blind spot
This is an area of the retina u.here the sensory fibres join up" It
does not contain photoreceptors. it is thcrefor<: not sensitive L<:

light.

Formation of Images (Mechanism of Vision)
Let uS see what happens r,l,hen You observe an object. A-fter

perceiving light, the light rays frcrrr the object pass_ to the

iru.r"p..Jnt cornea, then into the atlueolls humour, pupil then into
lens. The lens bend (refract) the llght rays and then light rays

meet in order to Lre focused at the retina after passin$ ttrrough the
vitreous humour. At the retina thb sensitive cells i'e. ccnes :rnd

rods are stimulated and their stimulation make the impulses
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[messagc) to trc sent ]:y aptic nclves to thc brain for intcrpretation.
'ihe ir:rergc forrned on tkrc retina is upsidc dolrm (invertcd image)
but :rfter interprctation in the brain, j.t is made i-rp right.

Accosmrmodatiom
lfris is the ability of tire cyc to focus c.rttjects at varying distances by
altering the fc,cal lcngth of tirc trens by regulating the shapc of the
icns.

In other words, accoffLrllodation is the ability oI'the cye to produce
clear irnagcs of oi:jccts at diffcrcnt di.qtanccs hy ali.ering the focal
lcngth of tl:e cye Ii:ns.

Focal length is the ciistarrce bclween the lcir.s and the object which
is seen.

Accommodatior-r cnahics a persolr to scc near and far objects. fhis
is brought about by the ;rctir:n of thc ciliary muscles i'e'
contr"action and ;-cLii-xation ol ciliurry muscLcs and clasticity of the
lells.

How A.econemodatiosr oceu.rs

ltrow to see near objects
Wtren ncar objects are o}:scrwccl the eyc lcns become more round
(convcx) in shapc and thick. 'lhis is caused by the contraction of
the circular r:rusr:lcs and rela-xaticn of the ra"dial one. 'l"his rcduces
tension on thc si-tspcnsorjr iigarnents and lcns b,ecomc round in
sh;:"pc. I-Ience n"car otrjccts can be seen. [See fig. 6 2.L48).

flow to see far objeets
Wtren observing {ar objccts, the iens become thinner and long.
'Ihis is caused b]t thc contrar:tion of radial muscles and relaxation
of the cirr:ular ones. 'I'his r:ontract.ion of radial ciliary muscles puli
against ttrre lcns, strctching into a flattcr shapc. 'ltre thin lens give
a clcar imarge of thc distant otrject. (Sce fig. 6.2.14 A.i.
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l,ens :rllcw shrir:k and ttiicker-l

Ciliary muscle contracts

E. Near adaglted

Ciliary muscle
relaxes

A. Distanee adaPted

can be focused on the retina'

lVlyooia

Srispensory
ligarnent taut

Lens pulled thin

Figure6.2"14;}fotu@cc$r,?#Ecpdrr*.iora'isfuncargfuec'Ercuf

Eye Defects
Eye defects means inability of thr: cyc '{-t} ilri-:"ctj*1l prr"rpcrlS' i'c' to
alter its focal iength to see brith distani. anc nearr ob.it--cts"

fipes of eye def,ects and ttreir corree&ielsls

Short sightedness (nnYoPia)'

It is a condition where a pcrson is a'bLe to see orriy near objects' It

occurs when an image of-a distance objcct is {ocusccl infrant of the

retina at the vitreoui humour. 1t rs caused by Lhe lcns bein$ too

thick and eyeball being longer than norrnal' 'l'his rcsults in t.tre

increase of the distance betwecn the iens anc "rhc l'etina'

Correction -. r^..-....!
Myopia is corrected by wcaring concavf-l l'*nsr:s {tiiverging lensesJ'

These lenses h.6 ; Ji.r..g" hgflt raT s ii-ixn ir:'r chjects so that they

Correction of mYoPia

Figure 6.2. 15.' Shorf sigfufedness
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Lorag sightedness (hypermetropia)
It is a conclition where a person is able to see f'ar objects' The

persoil can not see near oblects clearly. The ir;iage fi'cm the near

object falls behind the retiira. It is causeC, by either the eveball
'being shorter than normal i.e. the distance between the lens and

the retina is shorter than norntal, or the lens bein$ too thin so that

iL does not converge cnough light rays'

{-CIrrection . r j-r-
Long sightedness is corrected b-v rn'earing convex ienses 'uvhictr

"ot.retg. 
the light rays to the retina'

i
f
t.
t
t
t
!

!1
I
I
t
I
I
I
!HypermetroPia

t
l
I
I

t
I
I
t
t
I
I
f
I
i

Correction of hYPermetroPia

Figure 6.2.16: I-ang sightedness

iltld sight (PresbYoPia)
Ttris is due to tu" lo=s of llexibility of the lens, hence the person

Iinds ir clifticult to focus near oblects. It starts appearing from the

age of about forty to forty six years'

Correction
i.i, is corrected hy wearing convex lens which give the eyes extra

if{*11viir for close objects"

.Y'.l..stiEffiatisrn
ri rs rtrc most clefect of thc i:yc. I[ is caused by the surface of the

1.iil1-iie:;i not being perf-ectl3r smooth or spherical' l'he parallel light

j:';,rys ;ll-c theref&e not bror-r$ht to sharp points on the retina'

i.{-:sL16iilg in blurred vision. This defect is usually present in ali eyes

x.J scinc- extent.
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Correetion
It is corrected by wearing spectacles with cylindrical lenses

Cataract
It is most common in older people. The lens gradually become
cloudy so that iight rays cannot pass through easily and the
person cannot see properly. It may become gradually'worse.

Correction
This eye defect can be corrected by removing the eye lens through
operation and replacing them by plastic lens inside the eye.

ACTIVITY.. 6.2.4

In the classroom sit on the front bench while taking the notes
written by the teacher on the board. Again $o and sit on the back
bench. In both cases, do you see the notes on the board well?

The skin
The skin contains millions of separate tiny sense organs \Mith
different functions. Microscopic examination of human skin shows
that, there are at least five different types of sensory organs in the
skin. They are named accordin$ to their functions, which are
touch, pressure, pain, heat and cold. Therefore skin receptors
detect touch, pressure, pain, heat and cold.
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"( l-ri
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Figure 6.2.17: Internal. strwctwre of skirr

Touch receptors
'I'hese receptors are not eveniy distributed over the body sLrrface.
lhey appe?rr to be especialiy cl"ose together in the tongue and at tht:
finger - tips. 'ltrey- are located immediately below t1r"e cpidcrmis.
Touch receptors cnatrle a person to distinguish a variety of
textures, from sand, pa.pcr, and roughness to glassy smoothness
and betr.veen hard, soft and iiquid substances.

Pressure receptors
'lhese rcceptors are concentrated in the skin of the tongue and
finger * tips rvhere pre+qsllre differences are smatrl - they are
situated Lreneath thc dermis

Pain receptors
ll'hese reccptors ar:el more evr:nly distributed thror-rghout the skin
and occur almost everywhcre insidc thr: 'nndy cxcept brain, they
ar:e located insidc muscles, tcrieions, iigaments, in the wall of the
digestive systcm.
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Eleat and cold receptors
'fhesc receptors cletect changcs of ternperaturcs' Tlhcy are used to
compare dif,ferences in temperaturc.

Structure of the skin
'l'lee skin consists of two ilain laycrs, narnciy"
- trpidermis wh.ich is the outer layer.
- I)erneis rvhich is the inner layer"

The epiderrreis
X'his is the protectivc surft:cc la,vcr wh.ich is niadt r-lp o[ ffrany cells.
Dead cells on tcp arc ci:nstantllZ lvcrn .i--Ll,ay' and r;placed by ncrvlv
formed ccils in the gcrminativ* larv*r. As i:r:11 moves torvards the
surface, keratin is cleposited irt th*nl. Ktratin rnakes the surface
watcrproof and rcduces wertcr loss from t-issues helorv.

The dermis
The derrnis binds epidermis to undeliyireg tissues. It consists of
connective tissue, trair follicle, blcod vr:ssels, glancls (sebaceous

and sweat), muscles, nerve fibrcs and serrsc orgal]s.

The hair follicle secretes the rlon - iivii'l$ hair. $eba"r:eous glanci
open into the hair follicle and secrete an oil fiuid, seburn which
helps to keep the hair and skin stLrl-acc watcr proof and bacteria
free.

Sweat glands open on to the skin surface via sweat gland. l1rey
secrete sweat, a fluid drawn froin thc htrocd. ISloori vesseXs in
dermis bring food and oxygen ta the skin lissucs'

Below the dermis there is a fat ia-vcr {acliposc ttssttci r,vhich pratects
underlying organs from rrlcchariir,:atr damagc and act as a focd storc:

and insulator.

The nose
'lhe smells of a flower, pcrfurne , freslrtry brikr:cl i:rci:"d anci ottrer food
are ali macle possi'bic because yCIur nOSe has celtrs lvhich are

Sensitive to chcmicit"ls in air, thercfore it is :r chr:rnoreceptor. fire
cells sensitivc to sn-rell occur in the oifactory oi.gan of t-he llose'
The olfactory organs also irave cells which produlce mLlclls to keep
the surface moist. When tire <;lfactoly orguLn is stimulatc'd,
impulses pass aiong the olfactory ncr../c flbrc tr: thc brain r,vhere the
sensation is experienced. It mearrs, th.c serlsation of srueil cccurs
in the brain and not in thre olfacLory organs.

J1
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The sensory cells are stimulated only by substances which dissolve

in the moisture on their surface, so smell is really a chemical
sense.

The sense of smell is easily fatigued, that is a smell experienced for
a long period. ceases to give any Sensation and we become unaware

of it, although a new comer may experience it at once.

We tend to lose our sense of smell when the olfactory suCace

becomes dry, for example when we have a cold'

fj t.:l';<.jirt: tll rri.:r v,r; f ibro.,l
l';l;;i-,;i't <)iriliict r l.l{}Il$,:*uz)./:;
itr>t r", lirt.tilil rr)ii{r,,;ic,r:i
trt rr:;t.li. i.;f r ii.rciti
ixl:ti l.;;:i q|1;

fi I li: f ii::rrr i rllt,.r.fi
Ci\, :,1,::Ct.,i 5rt rgli I 6;r;;1.r111 I ;
\!'iti ) I i ii: I ):.:i,i.)

lJo$t a*(J
nitsial peris,iigrr$

.1iri
It{

,n ,,/ ?t()i.)!.{.:.ai:t /
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Figure 6.2.78: Smell receptors

The Ear
The ears are the sense organs for hearing and balance. Hearing is
a sensation in thcj brain produced by vibrations or sound waves

that are transformed into nerve impulses by the ear'

Structure of the Ear
The ear is divided into three parts:- namely
- The outer ear.
- The middle ear.
- The inner ear.

Hearing involves all the three parts, while balance involves only the
inner ear
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Figure 6 2.79: Structure oJ the'ilihmorhiorn ear

Theouterear - ,.r
It is made of cartilage or extension of skin called PINNA' which is

used to collect 
"orrrrd 

waves and channeling them directly down

the ear canal t".rJiiory meatus). The ear canal is a tube leading

inward.

At the end of the ear canal, is a sheet of very thin membrane called

the ear drum (tYmPanum)'

The ear drum and ear canal are both protected by wax and hairs

which fllter out dust particles and tubricate the tympanum'

The ear drum (tympanic membrane) separates the middle ear from

the outer ear.

The middle ear
It consists of air - filled part of the ear containing three very small

ossicles (bones) called.
c Ma-l.leus (hammer)
c Incus (anvil)
. Stapes (stirrrpJ

These bones form a system of levers whose function is to ampli$r

the sound waves and pass them to the inner ear'

There is a passage (tube), called the Eustachian tube which

connects the midtle ear with the pharynx' The function of

Eustachian tube is to equalize the pressure on both sides of the
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eardrum. This tube is usually closed, but when the pressure in
the middle ear increases, the tube opens until the air pressure in
the middle ear is equal to that of the atmosphere. When the
Eustachian tube is blocked (because of a middle ear infection or a
mucous build up) hearin$ is impaired (not good), because the ear
drum has excess pressure on one side and then stretches. This
results in the ear drum vibrating less so hearing becomes affected.

At the end of the middle ear, opposite the ear drum, there are two
openin$s, namely oval window and round window. The ear drum
.na the oval window are connected by a chain of ear bones
(ossicles). The ossicles transmit sound vibrations from the outer
ear to the inner ear.

The inner ear
It consists of a cavity which is Iilled with a fluid and contains sense

organs i.e. succulus, utriculus, cochlea and three semi-circular
canals.

The part of the inner ear concerned with hearin$ is called
COCHLEA and is coiled like a shape i.e. coiled tube. It detects
sound vibrations. The three Semi-circular canals, sacculus and
utriculus control balance and posture.

The three circular canals
The three semi-cfculars lie at right angles to each other and are
filled with endolymph. Each semi-circular canal has a swollen
base known as the ampulla which are concerned with maintaining
balance and equilibrium with regard to the perception of
movements.

The cochlea
The cochlea arises from the lower side of the sacculus. It is
spirally coiled. It is actually divided into three tubes in one
namely, the upper, middle and lower tubes (canals). The two outer
tubes contain a liquid called pertlgmph and the middle tube
contains Endolymph.
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Figure 6.2.2O: A cross sectiorl. of ttw cochlea.

Mechanism of Hearing
Pinna collects sound waves in the air and directs thern to the eer
drum through the auditory meatus. When sound waves hit the
eardrum it vibrates. These vibrations are transmitted along the ear
ossicles to the oval window. The vibrations of the stapes cause the
membrane at the oval window to vibrate i.e. as the stapes move in
and out the oval window is transmitted to the perilymph and then
spread to the endolymph. The vibration of the endolymph on the
sensory cells induces nerve impulses in the sensory nerve fibre.
'lhese impulses are transrnitted to the brain for interpretation.

The tongue
The tongue is a strong muscle in the mouth that is covered .!vl!h
minute projecfion called papillae. These carry a large number of
taste buds. The receptors for taste called taste buds are situated
chiefly in the tongue, but they are also located in the roof of the
mouth and near the phar5mx.

Types of tastes
There are four di.fferent types of tastes, namely,
- tsitter - e.g. quinine
- Sour - c.g. lcmon or lime juice
- Salty - c.g. normal table salt
- Sweet - e.g. sugar

The tongue has taste buds which are sensitive to each of these
types of tastes. Bach taste bud responds to only one of the tasting
substance, i.e. a taste bud which detects sweetness can not detect
salt-ness, bitterness or sourness.
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The taste buds or receptors of each type of taste are concentrated
in certain areas of the tongue. The taste buds close to the tip of the
tongue are sensitive to sweet tastes, whereas those in the back of
the tongue are sensitive to bitter tastes. The taste buds on the top
and on the side of the tongue are sensitive to salty and sour tastes.

A: taste map of the tongue

B: Papillae
Tongue papilla

(vertical
section)

C: Taste bud)

Sensory never

Figure 6.2.27: Distribution of ta"ste receptors on tFre tongue

At the base of each taste bud there is a nerve that sends the
sensations to the brain for interpretation. The sense of taste
functions in coordination with the sense of smell.
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when we have a cold, we can not taste food well, beeause the nasarpassages become inflamed and coated with mucus; the smellreceptors are essentiality non-functional. That is why differentkinds of food tend to taste the same when we have a cord.

B eJore proce e dtng Jurther, complete trc Joltowing exercis e.

6.2..5 SELF-CHECK EXERCISE TWO

l. State five common sense organs and indicate
function.

their stimuli and
rl,1

a)
b)
c)
d)
c)

2. a) What is eye defect?

b) Point out five types of eye defeets

3. Give a list of tastes found in the tongue

compare aour ansrrers usith those giuen at the end. oJ thts untt.
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6.2.6 DRUG AI\ID DRUG ABUSE

What is a drug?

A Drug is anything which if taken altci's thc u-ar- the body works.
Drugs affect the coordination systein of thc bodr'. Thc1, affect the
nervous system and'sometimes the hormonal s1'513ri1.

Drug abuse means excessivc use of dru$ for non-medical reasons.
It is the misuse of drugs.

Drugs are very irrrportant to our lives; misusin$ them is a problem.
I)rugs are used in operations"

Groups of Drugs
Sedative
These are drugs which slow down the brain and make a person feel
sleepy e.g. valium and alcohol.

Stimulants
These speed up the brain and make the person more aware (alert)
e.g. cocaine, coffee and tea: Mild stirnulants are cocacola and
nicotine which is found in tobacco.

Hallocinogens
These make the person to sense wrongly (one may feel flying,
swimrning while not) e.g. cannabis or marijuana. These disturb
the sense ofjudgment so that one becomes careless and foolish.

Pain killer
These suppress the part of the brain responsible for sense of pain
e.g. morphine, heroine, asprin and panadol.

Drugs must be handled and used with great care. Improper use
results into drug addiction (cannot do without) i.e. the blood
becomes physically dependent upon and shows adverse physical
reaction when the drug is suddenly stopped.
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Effects of Drugs
. Affects the rudnd (brain) clistorting judgrnent or sensations.

Regular d.rg use results into tolerance;
greater amount to achieve the sarne effect.

the body needs

For a pregnant womern r,vho uscs clrugs, the embryo is forced
to share thcm through thc placi:nta.

it may lead into AIDS and hepatitis if syringes are shared

Those who terke zrlcohol, may en,J up wtth:
- Liver cirrhosis i.c. iiver stinking clue to cleailr of cells

poisonccl b3r alcchol.
- I3rain darnage"
- I'Ieart disc,'ase: pumping action wcaker due to iack of

vitantn E" "Ihe pcr:son does not like to eat.- Iixcessivc alcoirolic intakc by pregnant women can lead to
miscarriage.

- flxcessive intake of alcohor mcans 1itile money can be
spent on fbod and clothcs for the family.- 'lihcy may lead to violence, illncss and even cleath. The
cffect of violence may ieacl to losins friends e.g. divorce,
prison, and hospit:rlization.

- Poor wnrk pcrforrnance may leacl to loss ofjob.

I{ence drug abuse is r,,cry dangerous to the lif"e

ACTryITY: 6.2.5

a

3

1. Find out types of drug abuse in your local environment.

2. what could be the possibre rezrson(s) for drug abuse?

3. (a) what will you do to stop drug abuse practices in your
local cnvironlnent?

(b) I-trow cari voi-l help victirns of drug abuse?

Before proceeding Jurther, complete iltis exercise,

62

lnstitute of Adult Education ODL Study trlaterials



6.2.7 SELF- CHECK EXERCISE THREE

1. What is drug abuse?

2. List down different ways by which individuals abuse (take)
drugs.

4. What are the effects of drug abuse?

Compare ,Aour ansu)ers wtth tltose giuen at the end oJ this unit.
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6.2.8 HORMONAL COORDINATION IN ANIMALS

lnstitute of Adult Education ODL Study Materials

As we discussed earlier coordination in animals is also controlled
by endocrine system. The endocrine system has glands which
produce chernical substances called hormones. rrr. endocrine
glands have no tubes or ducts that carry the hormones; as result
the hormones are poured directly into the blood. Hence, the
endocrine glands are called ductless glands. Following are more
details about the endocrine system.

Dndocrine sgstem
This is the chemical co-ordination system of the body. The
Fndocrine system is made up of ductless, glands which Lecrete
hormones (chemical messengers) direcily intci the blood and are
then transported to the target organs.

what happens to hormones when they have completed their task?
They pass through the liver where they are converted into inactive
compounds. The kidneys then excrete them. This prevents their
effects frorrr continuing or causing the body to over-react.

Properties of Hormones
* Are mostly made up of protein.
* They are produced by endocrine glands.
" They have a chemical control over the activities of a target

organ, but do not themselves perform the action.* Horrnones work together as a system.

Groups of Hormones
. Metabolic hormones - control metabolism
. Regulatory hormones - control rate of secretions e.g. secretion

ofjuices in the stomach and small intestine.
u Growth hormones - affect rate of growth and repair of ce[s in

the body.
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Figure 6.2.22: Position oJ the F;ndocrine glo,:nds in humo;n

Some of the endocrine gla"nds are listed below.. Pituitary gland.
. 'lhlzroid gland.
. Pa.rathyroid gland. '

. Pancreas (Islets of Langerhans).
" Adrenal gland.
. Gonads.

Endocrine glands have a rich supply of blood, as blood transports
the secretions to the target organs.

I am happy that now you are coming up in this resson. After
knowing some of the endocrine glands, let us now discuss the
structure, position, hormones secreted by each endocrine gtand
and their functions

Pituitary gland

Struchtre:
3 lobes: anterior and posterior.

Hypothalamus and pituitary glands are connected by fibres.
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Fhncfrons

Anterior Pituitary Lobe
- Secretions of growth hormone, which regulate body growth

and development, particularly the iong bones and muscles.
- Over secretion leads to giantism.
- Under secretion leads to midgets (dwarfism).
- Secretietns of Thyroid Stimulating l-Iormone (ISH) which

controls the devck:pment and functioning of thc thyroid
gland.

Posterior Pituitary lobe
- Secrr:tions of Anti-Diuretic Hormgne (ADI-i), rvhir:h caLrses

thc consti:iction of srnaller arterioles, which in turr: raises
the blood prcssl-rre. It prevents the excess r,vetter loss of the
kiclncys. It reguLates thc watcr content in t}:.e celis and blot:d
(osmoregulation).

Thyroid gland

Structure:
- Situated over the trachea, behind the larynx.
- Therc are two lobes, which are controlied 'ny'ISLI.

- l'he hormone secreted is thyroxine Iodine is a macro-
n-urtricnt nceded for the production of th,vrox'ine'

Funchons;
- Regulates thc basic metabolic rate of the body.
- Affects grorn-th and functioning of the heart and the nel.rrous

systcm.
- Stimulates growth and differentiation of tissue in a foetus

and in children.
- An increasr: in thyroxine results in an incrcased metal:olic

rate. In adults this results in hypcrthyroidism which
leads to goiter.

Goitre is due to the secretion of fluid by the gland instead of
thyroxine due to absence of iodine.

A decrease in thyrcxin leads to a decreased rnetabolic rate. In
adults this i:esults in kr5,'poth--lT oidism, and in children it causes
cretinism and menterl i-etardation. It also results in:
- loss of physical ancl mental vigour, incrcased weight,
- retention of ftruitls and thickening of skin.
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Parathyroids

Struchtre
There are two pairs of parathyroids embedded in the thyroid
tissue. They are small, round and compact.

FLncftons
They secrete parathyroid hormone/parathormone with Vitamin
D. They influence the absorption of calcium and regulate the

. amount of calcium and phosphates in the blood. If there is
insufficient calcium, it will result in the absorption of calcium from
the bones.

Over secretion - weakens the bones.
Under secretton - causes blood calcium level to drop resulting in
muscle and nerve spasms (tetany).

Adrenal Glands

Structure
- Situated on top of the kidneys.
- Triangular shape with outer cortex and inner medulla.
- Rich supply of blood.

FLrnchons
Adrenal Medulla - produces adrenaline which prepares the body
for emergcncies.

It does this by
- increasing the heartbeat and blood pressure,
- reducing the peripheral blood circulation and the blood to the

digestive system so that more blood is transported to tJle
muscles,

- causing the liver to convert glycogen to glucose, thereby raising
the blood sugar level and increasing the oxidation metabolism
of the celIs (respiration).

Over secretion: results in an aggressive personality.
Under secretion: the sympathetic nervous system must perform
the above functions itself and then becomes overworked and
stressed.
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Adrenal cortex produces aldosterone which acts on the kidney,
sweat glands and the salivary glands.
- It controls the sodium chloride balance in excretion and

reabsorption.
- It controls the excretion of potassium in the renal tubules and

therefore the water content of the blood.
- The cortex also produces cortisone which controls metabolic

function of glucose, amino acids and fats and aids the body in
coping with stress.

Islets of Langerhans

Srn-rciure
- located in thc pancreas
- alpha cells secrete Glucagon and the beta cells secrete Insuiin.

ftlnctlons
rnsulin: regulates the blood sugar content by promoting the
absorption of glucose into the cells-
- It causes the oxidation of glucose at tissue level.- It increases the liver function by causing the liver (which is the

target organ) to convert glucose to glycogen so that it can be
stcrred.

- It also causes the increase in the rate of fat and protein
synttiesis by the tissue of the bociy.

- Deficiency results in diabetes.

Glucagon: Antagonistic effect to insulin. lncreases the level of
bloori sugar by car-rsing the iiver (the target organ) to c,:nvert
glyccgen and thereby increase the blood 

".rg.i 
level.

ACTIVITY: 6"2.6

Gonads
Female Sex Organs
Female hormones (oestrogen and progesterone) are secreted by the
ovaries.

6B

(ai The hormone insulin produced by the 1S
carried to the.. . where ..........is
converted to....

ib) L]nder what conditions is one liable to suffer from diabetes

C

mellitus?
What advice wculd to a diabetic.
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Fl-rnchons
Oestrogen controls the secondary sexual Cevclopment, prepares
the uterus for the implantation of a fertilised egg anC its
developmcnt.

Progestin/Progesterone controls the changes in the uterus after
ovulation and also in pregnancy.'

Under seeretion
- Oestrogen - sterility and personality changes.
- Progesterone - abortion/miscarriage.

Male sex org:rns
A male hormone (testosterone) is secreted by the testes.

F\tnctton
- Testosterone controls the secondary sexual development in

males and the functioning of the male organs.

Under secretion:
disturbances, sterility.

underdevelopment and psychological

Thyroid and Pituitary glands
- If there is too little thyroxine secreted, the cells in the anterior

lobe of the pituitary are affected.

The pituitary will then secrete more 'ISFI (thyroid stimulating
hormone).

Tiris goes into the bloodstream, to the thyroid gland (the target
organ).

The TSH causes the thyroid gland to increase the amount of
thyroxine it produces.

Increased thyroxine in the blood \Milt eventually cause the
pituitary to reduce the TSH production.

This will lower the amount of thwoxine produced by the thyroid
and an equilibrium is reached.
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W
SUMI\{ARY

- Endocrine glands are ductless, and therefore hormones aresecreted directly into the blood.- Th.y consist of com_plex organic compounds - proteins.- They control girowth, development and the general functioning
of the bod3r.

- They only have influence on a target organ.

There is a complex feedback system between all endocrine glands.

Table 6.2.3: Differences between the Endocrine system
and the Nenrous Systern

B eJore pro ce e dtrtg Jurther, camprete the fott,u:tng e xe rcis e.

70

iTEXEVOUS SYSTEM ENDOCRINE SYSTEM
Made up of nerves irp of Glancls.Madc

Produces nerve im Produces Flormones
Impulses transmitted along the
nerves

ormones transported by the btood.FI

Effects
specific

are very qu"ick and very ancl more generai.Effects are slower

changes (e.9. sneezing, lifting your
arm)

Nerve impulses controi short term Hormones control
(e.g. growth).

long term changes
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6.2.9 SELF CHECK EXERCISE FOUR

1. What is hormone?

2. Differentiate between endocrine glands and e:<t,,:rine giands'

3 List down at least l'our types of cndocrine glarerJs anci the
hormone they produce.

4 State the role of thc following hormones

(a) Adrenaline

(b) Insulin

(c) Anti - diuretic hormone (ADH)

(d) Androgens

Cbmpare aour answers tuith those gtuen at tle end oJ this unit.
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6.2.T0 COOR.DINATION IN PI,ANTS

After studying much ot1 coordination in animals and your
experience in your environment do yoli think coordination in
animal resembles that in plants? I send your cxperience because I
hope you know much of the bchaviour of plants though it is some
how difficult for you to relate those with coordination in plants.

Relax as you go through this section. You wdll see the trr.e
relationship bctwecn your cxperience and thc true responsc
behaviour of piants and their calrses.

Plants likc animals rcspond to changes in their cnvironrnent"
Responding process is infected by hormones i.c., plants achieve
their coordination and responsi.".eness tlirough a system of
hormones.

Plant horrnones (phytohormones) have several effects on plants
such as root and stem elongation or closing and opening of flo,,',rers"
cell division, cell elongation and flowering are essentially growth
processes, all of which are initiated by hormones. Response of
plants to stimuli is calied tropism or tropic response. Plants get
stimulated and respond to gravity, water, light, and chemicals.

'ilae tropic movement or tropism is due to the cffect of grarrity,
rvater, light, chernicai and touch.

'ltabie 6.2.4: of and their stimuli

F:i:crn zitlcvt.:, a response duc to light is knou.ryr as ph<,,tatrcpi-<m
rvhtle geotropisrn is a response clue to $ravlttr. 'lropisnt r:an be
i-regat.i\rc if r:esponsc is awa-y l::orn stimulils or positive if re sponse is
tovrards tire stimulus.

Exarnple; positive h3rdrotropism mcans roots grow/mo',re to-,xrards
watcr. Negrltive geotropism rneatls shoots $rr;-irr/move awalii from
Srarrity.

i2

Stirnul"irs Tropism
Water" Hydrotropism
Light Phototropism
(]ravitrr Geotropism
"1'oucir 'llhiginotropisrn (iraptotropisrn)
Cire:nicirl Chcmotropisn-r
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Tropisrrr (tropic nroveralent)
Tropism is a growLh mor.,ement shown by frxed part cf a plant inresponse to a unilateral stirnuius" Tlhc molrcmcnt invoh,,eetr in the:response is produced by plant growing parts, thc shr:ot ancl roottips. Leaves also respond to light.

Types of Tropie Mclveilrents and their Stinnuli

Phototropism
It is a grouth movcment in rcsponsc to the dircction of light. Thismeans the direction of the growth movcnlent dependr'o. tiredirection from which light is coming i.e. unidirectional. plant stemsgrov/ towards a sourcc of light, hcnce they arc positir.,elyphototropic.

Dark

Light

Iiigure 6'2'23: The effect oJ tight on the growth iy n.on prants: A
tt cts grown out of doors; B usa.s grown in-the d.ark
c;nd C usas illuminated.Jrom one sid.e.

The responses of ptants B and c in the figure above show howplants are equipped to su^rive in difficult con"ditions.

/-)

lnstitute of Adutt Education ODL Study t\tateriats

Light

.r-L

A {.1 C



ACTTVITY: 6.2.8

Geotropisrn
Is a grorn'th ntovement irl x-*sponsc to thc p*ri of gravit3r.
Whcn a bcan secdiing is placr:<l in a llorizontai position its shootsclrrvc tipwarcls and its roots cr-rrrit: clou,nward. I-Icnce root is said totre positive Geotropisrn.

Kiinostat is an instrurncnt used for experimentai investigation ofgeotropisrn and phototrripisr:r in secdling ancr cut shoots.

triXpsrirneq!

t*, 'I'o investigate the cffect of gravity on shoot and root growth inplants
(i) Gerrninatc sonre br:an seecls in two sr,all pots.

(ii) l,\lhen the radical (roots) and (plumr_ric) shoot have emerged,
arrange thc secdling in horizont:rl position.

(iii) Lean'e t.he set up for 2 - s days in a clark cupboard to riminate
thc elfect of light.

(iv) cbservc what happens to the direction of growth of theradicles and ph_rrrnlles.

t4
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Sow three rnaize grains IN three dilfcrcnt pots
Put Set -t

t 1n direct sunlight.
Pu+

t- set 2 iri 4 ox which has a small window and place the
box near the houCA u,.'indow with the windor,v of the box facing
t.he windor,v of the housc.
Piace sct 3 in :r. cupboard or darl< roorn.
Lcave the sets for three rlays vririle rvatering
Iv{ake obscrvations after the t}rre* days.
Ilxplain your- results.
Ilranv conclusions of



1. Bean seeclling pi:lced
in a horizontal
position in tl-rc darh,
rvith nrarkings ?.1-r lrnm
int.ervals.

2. The shoot der,'etrops an lipr.lrards
{negatively geotrcpicj cu;:vature,
while the root rlt-;elops a dorrrr
r'va rd {pcisitiveiy geotroprir:}
cun'attrre.'ihe rn:irkings
indicate where cell eiongation
has occurred.

Figure 6.2.24: Experirnent to demonstrate
geotropism in raot o;n,d shoot

Results
['-or thc sc€rdling that w'as placed in horizontai position, its roots
bent dowrrrvards and its shoots upwards.

Conchision
'lhis suggests that the normal direction of growth of roots
downrn ards and shoots upwards is caused by the force of gravity.
this movement in response to the stimulus of gravity is called
geotropism. I-Icncc rocts are positively geotropism while shoots
are nr:$ativei=r. e-eotropism

Hydrotropism
Is the growth n:r.ovemcrnt of plants in response to a unilateral
sourcc of rvater or moisture.

The rr:ots grow tcrvards ttre source of water. I{cnce roots are said
to be positivciy hycirotrcpism.

shoot. {ro\rurs arvay from thc sourcc of rvater which means it is
ncga 1 ivelv hvdroiropism.

l5
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Experiment

Aim: To investigate the effect of water on root gro,*,bh

Procedure
- FIoId wire gauze with tw-o retort stands; ptrace sorne bean

seedling on the wire gauze in a such a way that radicles pass
through the pores of wire ga:uzc.

- Surround the seedling with wet cotton wool
Put calcium chloride in the container (drying agenti

- Leave the set up for 2 * 3 clays make sure that the cctton
r,vool is always wet.

- Observe what happens to the roots.

Figure 6.2.25: Apparatus to demonstrqte F':gdrotrapistxt

Results
The radicle had bent upward towards the wet cotton -.vooi ]:eca:i-ce
the cotton'was the only wet area.

Conclusion
1l:e bending of the radicle was due to the -,vater preseilt in {-hc
cotton rvool. Flence roots arc positively hydrotropic.

Chemotropism
Ctrrcr:rotropism: is a growth movement of plants in respcir"se l* a
unilatcr;rl source of cherrricals e.g. fertilizer.

Ilaptotropism (thigmotropism)
Haptotropism is a tropic response in which the stimulus is an
object in contact with the plant. Examp1es, tendrils of gourds
and peas, and the stems of morning glory are particulartry sensitive
to stimuli of this kind.

A tendril is a stem, leaf or part of a leaf which is changecl Lc ibrm a
thread - like strrrcture which winds rouncl a support."

/h
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Plant hormones
In plant, tropisms are influenced by hormones. Plant hormones are
also called phytohormones.

trxamples of plant hormones are auxins, gibberellins, c5rtokinnins,
ethylene, abscisic acid. These hormones are essential for normal
growth of the plants. Some of these hormones promote growth
while others inhibit growth.

Auxin
Growth in plant is controlled by the hormone called auxin.

This hormone is produced by the region of celI division which
exists at the tip of the coleoptiles. Auxin is responsible for cell
elongation in plants. In other words auxin promotes growth in
plant shoots by increasing the rate of cell elongation.

Other roles of auxin hormones
Auxins have a wide variety of functions.
- They increase all wall plasticity by loosing the bonding between

the cellulose fibres. This decreases the wall pressure, allowing
more water to enter, which stretches the cell wall and results in
ceII expansion.

Accelerates cell division and may be involved in the division of
cambium cells and the formation of callous tissues over
wounds.

Root formations
Auxins speed the root process in species which are grown by
cuttings e.g. rooting auxins are indole butyric acid (IBA) and
flower formation is speeded by Naphthalence acetic acid (NAA).

Flower formation
Ar-rxins cause flower formation e.g. spray of NAA.
Auxins inhibit lateral bud development

Effects of auxin concentration in growth
The amount of auxin present in plant is tiny, but changes in the
concentration of auxin affect the growth of shoots and roots.

Higher concentration of auxins stimulates growth in shoots while
relatively lower concentration stimulates growth in roots.
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concentration of the horrnone iIrrAJ urhich stimutrat_es shootsgrowth, usuaily inhibit root growth.
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Figure 6.2.26: The effects of quxin concenfno,tion
an raot o,,nd shaot growth

Flowe"zer, if the amount of auxin in the shoot continues to increase ,there cofiles a stage where the growth rate begi,s to siow, clowm"Finaliy a stage is reachcd u'here gr.wth is zlctuaily inhibited.

Gibberellins
Is a plant horrnone responsible fbr stem elongation, rnainly byaffecting celi eiongation.

Functions of the gibbereltins
- Promotes cell elongation in the presence of auxins- Promotes cell division in apical meristem and cambium- Promotes leaf growth.
- Inhibits growth of roots from cutting and ca[uses

Cytokinnins
It is a plant krormonr: rnhich promotes ceil rlivision in the presence
of auxins. It is responsible in delaying the normal process ,f *g"irgin leanes.
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trthyleme {Ethene)
It is a plant hormone which promotes ripening of fruits and
inhibits gnow-th.

Abseisic acid
it is a plant hcrmone that inhibits growth in plants. It also causes
sccci and bud dormancy.

Usef'ulness of tropic rnovements
"Iropic rr!.ovements, help thc plant to sun-ir,re e.g. even if the seed is
ptranteci upside down the radicle will still grow downwards into the
carth l:ec;ruse it is positiveiy gravitropic i.e. prtsitive geotropism.
Sirrrilary plumr-rle of such a seed will grow uprvards because it is
nesa"trve).y gravitropic (i.e. negative geotropism) and towards light
l:ecauso: it is positivcly phototropic (i.c. Positive phototropism)

T.Iastic araovements
Like tropisms, nastic movement takes place in the response to
r:xtcrnai stimulus }:ut the stimulus is not directional. This may
rcsult due to changc in turgor pressurc in certain cells or growth
r:uwature.

Before praceedtng Jurther, complete the Jollou:tng exercise.
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6.2.11 SELF-CHECK EXERCISE FNTE

1. \\,'hat is:
(a) Phototropism?
(b) I-I5rfl161topism?

2. What are the main plant hormones?

3. State the role of auxin hormone in plants.

You tuillftnd answers at the end oJ this untt.
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6.2,12 SUMMARY OF TI{E UNIT

- coordination is the linking of the various system and their
activities in the body.

- There are two systems of coordination such as Nervous
system and Endocrine system.

- Nervous system is comprised of sensory, motor and
relay/intermediate neurons.

- Nerrous system (NS) is divided into peripherial Nervous
system and central nervous system.

- central Nervous system is composed of brain and spinal
cord.

- . Brain is divided into three regions namely: Forebrain, mid
brain and hindbrain.

- spinal cord. Deals with reflex actions. conditioned reflex
action caused by "karning and practices" for a long time.- Synapse: A gap between neurons used to transmit-impulse.- Se_nse orgzlns are the receptor of the body which ieceives
information about conditions both inside and outside the
body.

- There are five comrnon sense organ namely; eyes, ears, skin,
tongue and nose

- The eye is made up of three layers such as the sclerotic layer
(outermost layer), choroids layer (inner layer) and the r"tir.
(innermost layer).

Endocrine system is made up of glands that are ductless;
therefore, the hormones are secreted direcfly into the blood and
are then transported to the target organs.
- The endocrine system is composed of several gtands. Among

these glands are, Pituitary gtand, and Gonads.- Plants like animals respond to changes in their environment.
Response of plants to stimuli is caled Tropism or tropic
response. Plants are stimulated and respond to gravity,
water, light and chemicals.

- Growth movement of plants in response to the direction of
light is known as phototropism, while in response to the pull
of gravity is called Geotropism and in response to the source
of water or moisture is called Hydrotropism.

- In plants tropisms are inlluenced by hormones.
- Plant hormones are also called phytohoffnones. Examples

are ethylene (ethene), abscisic acid, auxins, gibberellins and
cytokinnins.
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6.2.13 TUTOR MARKED ASSIGNMENT

Explain the meaning of
a) Coordination
b) Synapse
c) Phototropism
d) Gravitropism
e) Hydrotropism

[25 Marks]
a) What is a reflcx arc?
b) Lisc a rvell labelcd drav..iirg diagram, explairr ail the

events which take place whcn onc accidentally touches
a hot object.

(3O Marks)

3. a) List four differences between Nervous system and
hormonal system. Use the table below.

Activity Nervous
System

II<lrmonal
Systern

a) Method of transmission
b) Speed of transmission
c) Srreed of response
d) Duration of response

b) Pituitary gland is one of the endocrine glands. Why is
it is calied a master gland?

(25 Marks)

i+ With a wcll labelled diagram, explairr the causes and
corrections of the follorvingi eye dcfects.
a) Short sightedncss
b) Long sightedness

[2O Marks]

1
L

2
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6.2.L4 KEY AI|ISWERS TO SELF CHECK EXERCISES

Exercise One

1. (a)
(b)

CNS consists of the brain and spinal corrf .

frore brain - cerebr-um
- Mid brain
- I{ind brain; cerebellum and rnedulja o}-:ii1*no*rl

2. Stimulus
- Receptor
- Sensory neurone
- Coordinator
- Motor neurone
- trffectors.

3. In the form of nen,e impulse.

4. Is a gap betrveen trvo adjacent neurones that is r_rsecl to
trarrsmit nervous impulse.

3' Responses due to long term learning and practice. Irorm of
reflex actions where the type of responses li modifiecl by past
experience.

Exercise T\vo

1.
Sense organ Stimulus Function
Eyes l4sb! Vision/siflht
Skin Pressure, heat, touch 'i'ouch/feel
Ears Sound I{ear, balance
Tongue Taste I'asting
Nose Smell Smclling

2. a) trye defect means inability of the eye to il.lter its local
length to see both distant and close ob.jccts"

- Short sigihtedncss (myopia)
- Old sightedness (hypermetropia)
- Astigmatism
- Cataract.

b)

3. Bitter, sortr, salty and sweet.
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Exercise Three

2

Drug abuse is a frequent or constant use of drug(s) by an
individual without medical prescription or beyond what is
needed by the body hence causing ill-health to the individual.

Diffcrent ways by which individuals abuse drugs
- Injection.
- Inhaling.
- Swallowing.
- Applying on the body surface as lotion,

powder.
ointment or

Drug abusc chzrnges thc way of thinking and feeling
immcdiately.
- Some Crugs inhibit transrnission of impulses across the

synapsc.
- Ncurones fail to function normally as a result, vision,

hcaring arnd spcech are depressed.

Exereise Four

L l-Iormoncs arc chcmical messengers secrcted by thc cndocrinc
{lands and poured dircctly into the blood which transports
thcm to thc targct organs.

2. Iindocrinr: glzi-nds havc no ducts i.e. thcy are ductless c.g.
pii.r-ritary gland and adrenal gland. Exocrine glands have
'Jrrct/tubes. 'ltreir secrctions are transported by those tubes.
I|or r:xample, sweat glands, digestive glands and oil glands are
exocr1ne glands.

*land The hormone
iij 'Ili-rra6;d gland Th5rroxine
iii) ;\clrcnal Andrenaline
(iii) Pancrcas Insulin
(iv) Ovarv Oestrogen
{v} Tcstcs Androgen e.g. testosterone

g)
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4.a) Adrenaline is the hormone secreted by adrenal gland to
prepare somebody for emergencles such as flght, fear and
fright.

b) Insulin is a hormone produced by the pancreas. It ls
responsible for lowering the excess blood sugar content ln
the blood.

c) Anti-diuretic hormone stimulates
reabsorb more water.

the }iidney tubes to

d) Adrogens are responsible for the development and growth of
male reproductive systems and male sccondary sexual
characteristics.

Exercise Five

l. (a) Phototropism is a plant growth movement in response to
the direction of light.
I-Iydrotropism is the growth movement in response to
the source of water.

(b)

2 1he main plant hormones are:
- Auxins.
- Gibberellins.
- Cytokinins
- Abscisic acid
- Ethene/ethylene

J Auxins control growth in plants by stimulating the growth rate
of stems and roots so that the plant increases in height.
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I'NIT 6.3
REGI'I,ATION
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6.3.0.1 INTRODUCTION

Welcome to a new unit called Regulation. In this unit, you will
learn how the unwanted metabolic wastes are removed from the
body. You will also learn how the body keeps its internal
environment constant by the process called re$ulation. What are
metabolic wastes? They are unwanted materials formed as a
result of the body metabolic activities.

When we eat, food is used by the body to release energy and do
other functions such as repair of worn out cells. As the body
utilizes the food it results in the formation of waste, as happened
in industries. When the raw materials are used to manufacture
useful products like clothes, and medicines, results in the
formation of waste which in turn has to be removed. The removal
of waste products of metabolism from the bodies of or$anisms is
called Excretion.

'tlhc bodics of organisms rcquire maintenance of different
substanccs :tt a constant lcvcl for normal function. 'lhis
rnadntci:ancc is callcd rcgulation of intcrnal cnvironmcnt of
organisms {I lomcostasis).

l-Iarrc :r nicc study arrrcl cnjoy thc unit

6.3.0.2 GBJEICTTVES

1ti: rllc i:rrd oI this unit, you should brc abie to:

" il:lplain diffcrcnt ways of incrcasing zrnd dccrcasing body
ti:mperaturc.

* Ilcsi:ribc thc mcchanisms for sugar, salt and water balance
in the body.

c Outlinc the cllccts of high and low blood level in the body'
* Ii:iplain thc rneaning and importance of excretion.
* i,;*11-r11t thc excrctory organs and thcir products.
. llcsi:ribe thc stmcture of the hurnan urinnry system and

its rolc.
c lixplurin the process of urine formation.
* C)utline tlic calrses, symptoms and cffects of

complic:rtir:ns/disorders of the urinary system such as
kidnr:y failtiri: and kidneY stones.

n Outiinc typcs of rvastc products elirninated by plants and
ttrcir importarncc.
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6.3.0 REGULATION

Dear learner, as it has been discussed in the introduction of this
unit, the bodies of organisms require maintenance of different
substances in the body such as salt and water in a level that will
enable the body to function properly. lhis brings us to the journey
of regulation of which I believe you will travel safely until you reach
the end.

6.3.T GENERAL CONCEPT

Regulation is the maintenance of internal environment of an
organism to a steady state. The term homeostatic originates from
the Greek word which means 'staying the same' and hence we can
define it as the control of the internal environment of an organism
to constant state.

The ability to control the internal environment of the body is well
developed in warm blooded (homoiothermy) animals i.e. birds and
mammals.

Mammals regulate the following body conditions:
o Temperature.
,, Pressure.
o Water and ions.
o Food materials e.g. glucose.
n Respiratory gases (O4ygen and Carbon dioxide).
e Excretory materials e.g. urea.

6.3.2 RPGULATION OF. tsODY CONDITIONS

Ternperature regulation
Metabolic processes in the body are dependant on temperature.
This is because the action of enzJrnes which control the body
reactions need only optimum temperatures e.g. when the
temperature is very high enzymes are destroyed, hence decreasing
the rate of reactions and sometimes completely stops the body
reactions and this leads to death. Low temperatlrres inactivate
enzymes hence lowers rates of reactions or no reaction at all.

lnstitute of Adult Education ODL Study tVateriais
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Factors which lead to the increase or decrease of temperature
in the body

I believe you know that sometimes the body's temperature either
increases or decreases. It is not always constant at 370C. can you
tell us what causes the temperature in the body to either increase
or decrease? If you can do it congratulations. However, if you can,t
answer it relax and read the following.

In thc Lrodies of mammals heat increersc is r:auscd by thc follo,,l,ing:
- 'l-issue rcspirrrtion. T-hc brcarkdr.rr,,,,n of glucosc mcloculi:s by r:clis

irr thc prescncc of oxygen (oxidation) tcading to thc procllction
of hcat..

- Vigorous musclLllzrr cxcrcisc.
- Other factors arc diseascs and absorption of radiation {iom thc

surt

'fhc decrease of hcat from thc bocly is duc to thr: fbll<iwing factors- Radiation.
- Convcction.
- trxhalcd air.
- Urination and dcfecation
- Conduction.
- trvaporation by sweating.

Temperature regulation in rnan
'Ilhc mzrin orgern for hc:rt rcgulation in man is thc skin, but illso
some ametunt of hcat is lost 1rom thc bocly of man through urinc.
faeces and cxhalcd air. Much hcat which is lost ftom itrc uoay
takes place through thc skin. i-Icat producccl in rnusclcs or in
other parts of the body is transported by blood to thc skin. i-Ieat is
lost from thc skin through different ways, such as r:rdiation,
convcction, conduction and cvaporation by swcart. 'Ilhc loss of heat
from the body kccps the body tcmperaturc constant for thc bctter
functioning of thc body Swcating also brings about cooling effcct.

llomoeothermic and poikilothermic
I-Iomocothermic are organisms whose body temperaturc is
constant whilc, poikiiothermic orgmisms are those rvtrrose body
temperaturc is not constant (thcir body tcmperaturc depcnds on
thc environmcntal tcmpcrature).

Flomocothcrmic organisms havc the ability to rcgulate thr:ir body
temperzrturc by loosing thc cxccss hcat if it is high arnd incrcascs if
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it is vcry lou, by increasing thc cat:rbolic proccssrjs o[ thcir boclics
(c.g. birds and mammals).

The body temperature of poikilothermic organisms is controlled by
the surrounding/environmental temperature. when the
surrounding temperature is very high the organisms in this group
overcome it by moving in cool places and vice versa when the
surrounding temperature is cool. (Examples: Lizards, snakes,
crocodiles, toads, earthworms).

Adaptation of Homoeothermic to cold and hot surrounding
Homoeothermic orgzlnisms are adapted to live in the cold places
using one or more of the following:-
- Increase muscular activities e.g. shivering.
- Insulations: retention of body heat by insulations using fur,

clothing or a thick layer of fat beneath the skin.
- Hibernation: other orgzlnisms become dormant by lowering

their metatrolic rates during cold seasons, and use stored body
fats at a very low rate.

- Migration: some organisms migrate (move) to warmer places
during cold seasons e.g. insects, fishes, birds and mammars.

- constriction of blood vessels. This limits the loss of heat
through the skin.

- small surface area to volume ratio; Animals in colder climates
have a tendency to have bodies that are more compact, with
smaller extremities than related species in warm climates. In
this way, heat loss is reduced.

Homoeothermic organisms are also adapted to live in hot
surroundings

In order to ervoid overheating, somc mL'erns of erdaptartions havc
been devcloped and arre as follows:
- Nocturnal habits: Nocturnal animarls ]ivc in burrows during the

day and come out at night whcn it is cool.

vasodilzrtion: 'lhis is the widening of blood vessels causing
more sweating through which heat is iost through er,,aporation
of sweat. Sweat evaporation has a cooling etrect to thr-: body.

I-Iairlcss parts in somc animals: somc nnimals havc h:rrrless
parts richly supplied with blood c:rpillarics. I.).g. i:r"rgc amount
of heat is lost through thc clcphants cars.
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- Panting: 'llhis is common in animals of the dog family as they

lack or havc a few sweat glands' 'llhese animals hang their
tongues outsidr: and increase their breathing rate' Evaporation
n",r.,.r= in thc mouth, tongue and the Llppcr respiratory systcm.

- Relaxation of the erector muscles: 'lfris makes the hair lie flat
against the skin and in that way, allows hcat to bc lost from the

body by radiation.

Regulation of glucose
In icspiration you lezrrnt that solublc blood sugar (glucose-) is the

=orr"d of cncrgv to all living cells. 'i-hc brain and nervc cclls have

no cners/ rcscrves and must have a continuoLrs supply of glucose.

If dcprived of glucose thc cells are harmed and thc body may suffer

convulsictns and enter into a corruna'

'l'he normal glucose concentration in blood plasma (and hence in
tissuc 11uid) is in the rangc of 0.06% a mean value of l-lo/o'

Drllbrcnt mzrmmerls harve diffcrcnt uptakcs of carbohydrates and

some mcals rnar1,' 111,c morc carbohydratc than others. Inspitc of

this, the blooci plasma conccntration of glucose must be

mzrintaincd ert thc norm of 1. 1%'

The mechanism of glucose regulation
'l'he livcr, pancrcas and adrenal gland function in a complex

homeostntic mechernism of maintaining the constant lcvel of blood

sLrgar at 1.I%.

Glucose addition to blood
Addition of- glucose occurs when the concentration falls down

below thc norm value, thc condition called hgpoglgcaemia.

Sensory ccntre in the brain detects a low glucose concentration
and by negertivc fecdback scts off the following:

- Glycogcn rcscrved in the liver are changcd into glucose by
giucag>ns hormonc relcased by thc pancreas. In this way,

sufficlent glucose can bc provided from the liver reserve for
maintaining thc normal for 12hrs'

- If thc livcr glyco$en rcserves are Consumed and there is no more

intzrke of cartohldrates, the non-carbohydratc food reserved are

r,rscd. Lipids frcim the fat dcposits are changed into gilucose by

arclrr:neriinc (as SCCn in slimind. Protcin of muscles are convertcd
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into glucose by another adrenal gland hormone called
glucocorticoid e.g. cortisol. These caLrse the liver to convert
amino acids and glycerol into glucose.

Removal of glucose from blood
An increased concentration of blood glucose level above the normal
level causes high blood sugar (Hyperglycaernia). Sensory centres in
the pancreas and brain by negative feedback set off the following
corrective mechanisms :

- The pancreas produces the hormone insulin which causes the
liver to remove surplus excess glucose and change it into
insoluble glycogen which is then stored in the liver and skeletal
muscles.

Further surplus of glucose is then converted into lipids and
stored into fat deposits.

When the concentration of blood sugar increases above the normal
level, it causes hyperglycaemia, glucose then appears in urine and
the person gets the symptoms of diabetes mellittts.

Regulation of proteins
In the mamrnal body protein is used for building up of new tissues,
and replacing the worn out ones. Some protein is used by the body
to release energy needed for performing various activities of the
body particularly during prolonged starvation/short of
carbohydrates.

Addition of protein (amino acids)
The decrease of protein in the body of mamrnals is due to:-
- The breakdown of protein (as amino acids) into urea by the

process called deamination;
- used to release energy during tissues respiration;
- stored in the body as glycogen after being changed into

carbohydrate;
- Used in protein slmthesis a process whereb-y the body forms

new proteins in the body using the one taken in througih food
materials.

Mechanism of protein regulation
You know that the body can only store a small amount of amino
acids and proteins when a meal supplies more than those the body
needs. The body gets rid of extra protein by the process called
deaminatton.
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Deamination is the removal from each amino acid molecule of the
parts which contains nitrogen, i.e. the amino group (-NH). These
amino groups would automatically change into amrnonia (NHs)
which is very poisonous. The liver cells immediately change it into
urea which is far less poisonous. Urea then passes from the liver
into the blood and is eventually removed from the body by the
kidneys. The remaining parts of each amino acid molecules which
contains no nitrogen is converted into glucose and is either stored
or used for respiration.

Regulation of water and mineral salts in animals
Water enters the body through drinks and food; this is also applied
to mineral salts. The uptake of these substances should be
controlled to keep them constant in the body fluid. If water is left
to rise above the normal level, then water will tend to enter the
cells by osmosis continuously until the cells burst. If the
concentration of salts in blood and tissues fluid is left to rise above
the normaLl level, then water will begin to leave the cells leaving
them without enough amount of water for them to continue with
life activities. If water and mineral salts won't be regulated death
may occur.

Factors leading to the increase or decrease of water and
mineral salts in the human body

Increase
- Direct taking of water by drinking.
- Taking it together with food substanccs which havc water

contents.
- Oxidation of sugars in the body which lcads to the release of

water. About lOOg of sugar givcs 609 of water.

Decrease
Watcr and Mineral salts arc decreased frorn thc body through the
following ways,
- Rcmoval through the skin by swcating
- urination
-'fhrough defaecation.
-'lhrough exhzrlation.
- lfrrough excessivc blecding

Respiratory gases
Metabolizing cells require a constant supply of o4ygen sufficient to
satis$r their respiratory needs. The homeostatic control of both

94

lnstitute of Adult Education ODL Study Materials

3

I



oxygcn and carbon dioxidc is very essentiarl and is controlled by
the respiratory centre in the medulla oblongata.

Pressure
l'hc maintenancc of all substanccs in thi: body depends on the
blood pressure. 'Ilhis is so becausc thc blood is the major
distributor of substanccs in the body. It is cssenti:rl thzrt thc blood
pressure be kept above a certain minimum level if thc supply oi
cssential matcrials to cells is to be maintained. 'lhis js achieved by
controlling the rate at which thc hr:art pumps blood and by thr:
vasoconstriction or vasodilation of blood vcssels.

BeJore proceedtng Jurther, complete the Joll.ouirug exercLse
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6.3.3 SELF CHECK EXERCISE ONE

L. Bxplain the meaning of the term homeostasis/Regulation

2. Statc the pror:esscs that lcad to:

(a) Increasc of body temperature in mammals.

(b) Decrease of body temperature in mammals

3. I-Iow arc manrmals adapted to hot climatic conditions? Give one
example .

Compare Aou ansuers wtth those gtuen at the end oJ the untt.
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6.3.4 EXCRETION

Chemical reactions take place in the human body. There are those
which break down the body component substances and those
which build up the body. In the process, excess water, salt, carbon
dioxide and nitrogenous compounds a.re produced. These
accumulate in the body cells such that if they are allowed to
remain in the body for a long time there will be no room for other
chemical reaction to take place. To solve this problem, these
metabolic wastes are removed out of the body through excretion
process. In this unit the urinary system of the human body and its
components will be fully covered. Excretory organs, their structure
and functions will also be covered effectively. Before going far let us
first define the term excretion.

Excretion is the process by which metabolic wastes are removed
from the body. These metabolic wastes include excess water and
salts, carbon dioxide from cellular respiration, nitrogenous
compounds from the breakdown of proteins, and urea. The skin,
lungs, the liver and kidneys along with their associated organs
make up the excretory system.

THE URINARY SYSTEM

I
psritorier \,ienil ca\i!l

rillrt ronal ';ern

r iUl)t

.iorsal arori.l

Ief! r4'1r41 i111a;1y

It:ft l<i<lrrr:'z

el)cnin!:,0f

bi ir(t(rer

i_-e,1 tr o J I i I I (:i
tllo f ,{)!v,,)f ,.1ri.,,r,

Figure 6.3.1.: The urinary sgstem oJhuman
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The urinar5r system of human consists of the following parts.
- Renal artery; carries blood to the kidney.
- Renal vein; carries blood a\May from the kidney
- The kidney; a bean shaped organ in which osmoregulation of

water, removal of excretory substances and reabsorption of
useful materials take place.

- Ureter; a tube which carries urine from the kidney to the
bladder.

- Bladder; is a part of the urinary system which temporally stores
urine before ureleases it out of the body through urination.

- Sphincter muscle is a muscle which controls the release of
urine from the bladder.

- Urethra; is a tube which leads to the body surface from the
bladder which carries urine out of the body.

- Functions of the excretory system.
- Collects water and filters body fluids.
- Concentrates waste products from the body fluids and returns

useful substances to body fluid which are necessarJtr for
homeostasis.

- Eliminates excretory products from the body.

THE KIDNEYS

The main organ for the excretory system is the kidney. I-Iumans
have two bean-shaped kidneys, one on each side of the spinal cord
near the lower back, (one behind the stomach the other behind the
Liver). Together they regulate the chernical composition of blood.

Structure of kidney
The Kidney has THRttE regions; the inner part called the renal
medulla; the outer part called the renal cortex and the renal
pelvis, a funnel shaped structure in the centre of the kidney
responsible for collecting urine from collecting ducts.
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Figure 6.2.5: Section through kid.neg

The cortex
'lhis.J"v:o is jam-packed with rots and lots of ncphrons. r/ephronsarc the basic functionar units of thc krd;;. 

^aacrr 
nephron is asmall independent filtering unit. In earch r<ianey thcre are about 1million nephrons.

The rnedulla
'lhis is t.he middle laycr. Ttrink of it as the collccting layer. .fubes
carrying filtered wastes pass fr-om tirc cortcx, through the medullatowarrds the pelvis.

The pelvis
llhis is thc arca where ail of the corccting tuburcs come togetherand connect with the urcter. 'Irhc ureter"transports the urine tothc urinary bladder.

Each human kidney contains about one million kidney tubures(nerphons), each or #hicrr begins in the cortex of the kidney, whereeach ,is expanded in cup- "shaped 
structure called Bowman,scapsule' In the, e.owlan's capsule are enclosed a barl or nnerydivided and intertwined blood capirlaries caled Gromerulus (pluralGlomeruli).
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Functions of Kidneys
o Iixcretion of metabolic -wastes.

- 'lhe kidnelrs excretc brcakdor,vn products of protein
metaboiism (urea, uric acid, creatininc, arnd amrnonia).

Regulation of acid-base balance .

- B], regulating the acidity of urine and seiecting which
elcctroll.tes erre rcabsorbed or cxcrcti:d, the kidneys help to
maintain blood pil within normarl lirnits

a

a

a

o

Ilcgulation of cxtracclluiar fluid volume 
"

- 'Ifrc kidneys rcgulatc thc volumc of extraccllulau l1uid by
elinrinating or rctaining water.

Ii.cgulation of osmotic prcssurc of cxtraccllular fluid.
- By rcgulating thc amount of sodium chioride and water

cxcreted, thc kldneys rcgulate the osmotic pressure of the
cxtraccllular fluid.

Regulation of cxtraceilular clcctrolytes.
- 'Ilhc kidnevs lcgulate eli:ctrolytc concentrzrtion in thc body by

sclectivc rcabsorption or cxcretic.;n.

Ilegulation of biood prcssLrre.

Regulation of rcd blood production.

Control of cxcretion of watcr.
- 'lhe rcabsorption of watcr in thc tubulcs is contrrtlied by

pituitary and hypothalamic actions. 'I'hc posterior pituitary
produccs antidj.uretic hormonc (ADFI), which increascs the
amount of wate;: reabsorbed. Thc a"drcnal cortex produces
thc hormonc aldosterone, which influcnces the reabsorption
of sodium and water.

i00
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Figure 6.3.3: Structure of o nephron

The outermost layer of the kidneys, the cortex, is composed of
approximately 1, 25O, 000 structural units called nephrons.

when blood enters a Nephron, it flows into a network of 50
capillaries known as a glomerulus. The Glomerulus is encased in
the upper end of the Nephron by a cup-shaped structure called
bowman's capsule. The Blood is under pressure and the walls of
the capillaries and Bowrnan's capsule are permeable. Much of the
Fluid from the blood filters into Bowman's capsule and the
material filtered from the blood flows through the renal tubule, a
long tube with permeable walls.

101

lnstitute of Adult Education ODL Study Materiats



The Renal l\rbule Consists of three parts: The proximal
convoluted tubule, the loop of Henle, and the Distal
convoluted tubule. Materials from btood are forced out of the
glomerulus and into the Bowman's capsule during a process called
ultrafiltration. The materials that are filtered from the blood are
known as filtrate. The Filtrate contains water, Lrrea, glucose, salts,
amino acids, and vitamins. Plasma proteins, cells and platelets are
too largie to pass through the membrane; they remain in the blood.

About 180 litres of filtrate is produced each day, but only 1.5 litres
of urine. So as you can see, most materials that initially enter the
nephron are reabsorbed, leaving only the Lrrea, salts, and some
water in the tubule. These metabolic wastes form urine, which is
transported to the urinary bladder by the collecting tubule and
then transported out through the urethra.

llltrafiltration
Ultrafiltration occurs in the Renal or Bowrnan's capsule. The renal
artery which brings blood to the kidney is split up into numerous
arterioles, each feeding a nephron. The arterioles split into
numeroLrs capillaries which form a knot called a glomerulus. This
is surrounded by the Bowman's capsule. The arteriole leading
into the glomerulus is wider than the one leaving it so there is a
high blood pressure in the capillaries of the glomerulus. This
pressure forces plasma out of the blood by ultrafiltration. once
the blood is filtered in this way only btood cells and the large
plasma proteins remain i.e they are not filtered.

i:rpiliilrv 01
qlonrorulus

w-all of cilpsule
gl0nrtJitliijr f i :liii it'

Figure 6.3.4 : Bowmo;ns capsule and. glomerulus
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Seneetive R.eabsorptteer
Sclectirre reabsorption occurs in thr proxirmal comvoluted tubule.
'['his is the iongest and widest pi:.rt <-:f thc nephron. In this part
ovcr 8O%o of the filtrarc is reabsorbr:d iilto tire l:lood; ensuring that
all usefutr rnatcrial is returned to thc blood. Altr glucose, amino
acids and 85% of minerai ions ane ncnl:sorbed hy active transport.
Small proteins arc ri:ahsorbcd. 8tl% of water is absorbed back into
the Lrlood by osmosis. I-}re proxirnzrl convulatcd tubule cells have
many rnitochondria to provide Aclencsine "lriphosphate (ATI,) for
actirre transpor t and rnirorriiii to increase sr-lrface are a for
absorption.

Loop of [Ienle
'lfris is a Ll - shaped part of the ncphron found below the proximal
convolutcd tubr-rIe. 'llhe loop is responsible for reabsorption of
water so thait water is conscrved in the bodv of land animals such
as birds and rtarrrrnals.

Iixamplc; descrt mermmals like c:rmels havc longer loops of henre
for rnaxirerum rcabsorption of water.

Distal convoluted tubule amd collecting duct
'lfre distal convolutcd tubulc and cotlccting duct are the last parts
of the Nephron (kidney tr-rbule). 'Ilhesc parts control thc reabsoption
of watcr and salts. 'I'his process is cerlled osmoregulation. 'lhe
reabsorption of watcr is influenced by Antidiurctic l-Iormonc (ADFI)
or \rel.soprr:ssin.

ACTIVITY: 6.2.6
1. flxplain thc followinfl nbscrvations;

(a) Why thcre is a high rate of urination in cold days?
b) \Arhy thcre is production of littk: urine during hot clays?

2. Why docs one fcel thirsty following a rneal? Ilxplain.

The Lungs and Exer"etion
Cellulzrr rcspiration occi-rrs in evcry living cell in the body. It is the
reaction l-hart providcs encrSy (in the form of ^{IlP molecules) for
celiular :rr:ti'u,ities. If rcspiral;ion stops, thc ci:ll no longcr has cnerg5r
for ccllular activitics and the ccll dies. As respiration occurs
**.a"fu+s-:" dissx$.d* is produr:cd e+s :1, =\l/aste procluct. As the carbon
dioxidc accumulertcs in i:ocly ccils. ii_ crrcntr:zrlllr 61i1L,ses out of the
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cclls and into the bloodstrcam, which cventually circulates to the
lungs. And herc, in the alveoli of thc lungs, carbon dioxide diffuses
from the blood, into thc lung tissue , and then lcaves the body every
time rvc exhalc. wc should notc that some wa*er vs.Xpe}ur also exits
fron thc body during exhalation.

The liver
'lhe livcr is a large and important organ. In fact it is the largest
internal organ in our bodies. Its nlrmerous functions make it
"part" of thc circulatory, digestive , and excretory systems. Bclorv is
er chart thc summarises thc functions of thc livcr.

Table 6.2.5 Functions of the liver

104

Excretory
Function

Some proteins and other nitrogenous compounds are
brokcn down in the liver by a process callcd
deamtnation.

As a rcsult of thcsc rcactions, a nitrogcnous waste
called ut'eais formed.

Digestive
frunction

'lhe livcr produccs bilc, which is temporarily stored
in the gall bladder bcforc bcing released into thc
smzrll intcstine whcrc it hclps "emulsify" (brcak down)
lipid molecules.

Circulatory
System

'llhc liver rcmovcs and brcaks down thc old red brood
cells. It is also rcsponsible for maintaining ',normal"
Icvels of glucose in the blood. When stimulated by
insulin, thc liver rcmoves glucose form the bloocl and
convcrts it to glycogcn for storage. When stimulated
by the hormone glucagons, the liver does the
oppositc: it breaks down glycogen, producing
glucosc, which is released into thc bloodstream.

livcr IS also responsib 1c for removing
hazardous chemicals from the blood It

potentially
'detoxifies"

thc blood. F or this rcason, eilcoholics and other types
of addicts have zi highcr incidcncc of liver disease.
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THE SKIN

Sweat comes out of pores in the skin. Sweat is a mixture of three
metabolic wastes: water, salts, and urea. As one sweats, the body
accomplishes two things:
- Cooling effect on the body.
- Removal of metabolic wastes.

ha rr pcre ol sweat gland

horny layer

llalpighian
laYer

I

l0,Jch sensB crgnn

sebaceous .9
E
oerect()r mi.r:cie

of hair

gl*nd

hair fuil

G

0

o
o

o

slveal gland

nerve illood vesseis

Figure 6.3.5: The huma,n skin

The skin has two layers which are the thin epidermis at tJre top,
and the thicker dermis below.

The inner layer of skin (dermis) is where we fi.nd oil glands, hair
follicles, fatty layers, nerves, and sweat glands. The sweat gland is
a tubular structure tangled with capillaries. This close association
of tubes allows wastes to diffuse from the blood into the sweat
gland. When body temperature rises, the sweat is released from
the gland, passes through the sweat duct up to ttre skin surface
through openings called pores (sweat pores).
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6.3,5 DISORDERS/COMPLICATIONS OF THE URINARY SYSTEM

Kidney failure
Kidney failure can be caused by:
- Ageing process;
- Bacterial infection of the pelvis and surrounding tissues;
- Inflammation of the glomerulus due to antibodies produced

against certain bacterial infections e.g. throat infection;
- Damage due to high pressure;
- Damage due to obstruction in the ureters, bladder or urethra

e.g. by kidney stones;
- Diabetes mellitus;
- Reduced blood supply to the kidney as a result of blood loss

through an accident, heart failure to pump blood or toxic
chemicals; and

- Physical damage of the kidney e.g. in an accident.

Symptoms
- Reduction in urine production or no urine at all.
- Pain.

Effects of urinary system disorders
- Dehydration (loss of water in the body)
- Salt imbalance
- Severe high blood pressure
- Accumulation of metabolic wastes (nitrogenous wastes) like

urea in the body.
- Coma (become unconscious) and convulsions.
- Pain

Interference of metabolic reactions by the nitrogenous wastes
which lead to death of the individual.
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6.3.6 EXCRETION IN PI,AI\ITS

Therc is no specific organ for the osmoregulation of substances inplants' Water intakc is by mcans of both internal and externalfactors which affect the ratc of transpirzrtion. plants share withanimals the problem of obtaining *.t". and in disposing of thesurplus. I-Iowever, some piants have lcaf modifications t. reduce
'uvater loss, such as needrc sherped reavcs, sunkcn stomata andthick cuticles as in pincs.

Plants produce waste products very slowly. -iheir main productsare water, oxygen (during the day) and carbon dioxid" ,.t ,rigt t.llhese are removed by diffusion through the stomata and lcnticelsat much the same a.s they are produccd.

Plant waste products also include small amounts of the following:-- Tannins:- found in thc bark of many trecs including acacia.- Alkaloids:-very poisonous nitrogenous compounds some ofwhich are used in smarl doses al medicine e.g. euinine andmorphine.
- Anthocyanins:- which producc thc rcd, purple and bluc corourof petzrls and dying leaves.

Plants dcal with these waste products by convcrting them intoinsolublc compounds often in thc form of grzrnul"" o.-nil droplcts,which rcmain in thc cclls. 1)rcy are rcmov-cd from thc plant whendead leavcs, barks or other part.s fall off.
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6.3.7 SUMI\{ARY OF. THE UNIT

Homeostasis/Regulation is the maintenance of the internal
environment of an organism to a steady/constant state.

For normal functioning, the body must regulate the components ofthe body fluid e.g. temperature, glucose, water, ions, coz,
metabolic wastes and pressure.

The mammalian body loses heat through radiation, convection,
conduction evaporation by sweating, exlraling air, urine, faeces
and panting.

The human body regulates blood sugar (glucose) to a constant level
to avoid either hypoglycaemia (low blood sugar) or hyperglycaemia
(high blood sugar) which leads to diabet.s me[itu".

Mineral salts have to be regulated so as to maintain the amount of
water in the body fluids (water balance).

Respiration gases; o>(ygen (Ozt and carbon dioxide (COzt are also
regulated to avoid o{ygen poisoning and suffocation due to carbon
dioxide.

Excretion is the removal of metabolic waste from the cells.
Metabolic waste is the unwanted material that is formed as a
result of the bodies metabolism (i.e. the large number of chemical
reactions that occur in the cells, tissues, and organs). The waste
products of metabolism are frequenfly toxic and so must be
removed from the body.

The structures which are responsible of removing these wastes are:- Skin; excretes water, salts and urea
- Liver: Breaks proteins and other nitrogenous compounds in

the process called domination to form urea which is
excreted from the body by the kidney.- Lungs: Excrete carbon dioxide released during respiration.- The kidney:

The kidney has two main functions:
i) Removes metabolic waste from the body.
ii) Regulates water and ion content in th; blood.
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'fhe kidney has structures called nephrons which are the
functional unit of the kidney.

'lhe following processes occur in the rephron to facilitate the
functions that the kidney does.
- Utrafiltration.
- Selectivereabsorption.
- Reabsorption of water osmoregulation

BeJore Proceeding lrurther, Complete the lrollowing Exerctse.
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A l.or the first bunch of questions (l-B), your answer is (liver, lungs,,q]},l skin, or kidneys).

,5 3 5 SELF CHECK EXERCISE TWO

l. Excretes salts from its surface . . ......

2. Responsible for excreting carbon dioxide ..

3. Has functional units called nephrons

4. Produces both urea and bile .

5

6.

Organ in which blood loses
amino acid .

urea and reabsorbs glucose and

Removes old red blood cells from the circulatory system.

7. Maintains homeostasis by removing body heat, water and
other wastes

I

8 Adds or removes glucose from the blood as necessary

which is the correct pathway for the elirnination of urine?
a) urethra, ureter, bladder, kidney.
b-) kidneys, urethra, bladder, ureter. t Ic) bladder, ureter, kidney, urethra.

In humans, for carbon dioxide to be excreted, it must pass
from the blood into:

ro.

nephrons
alveoli
Sweat gland
lfre liver.

11. A blockage in a ureter would interfere with:
urine entering the kidney.
urine entering the bladder.
urine leaving the body.
urea leaving the kidney.
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12. Which is NOTa metabolic waste in humans?
a) Carbon dioxide.
b) o4ygen t l
c) Salt
dl Urea

13. In which form are nitrogenous wastes excreted in humans?
a)
b)
c)
d)

Ammonia
Uric acid
Urea
Amino acids

t4. Nitrogenous wastes are the result of metabolism involving:
a) Lipids
b) Carbohydrates
c) Inorganic I Id) Proteins

r5. In addition to water, the principal components of urine are:-a) Amino acids and fatty
b) Urea and salts
c) Amrnonia acid and bile acids I Id) Hydrochloric acid and urea

compare aour ansrrers :;uitlt those gtuen at the end" oJ the untt.
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I6.3.9 TUTOR IVIARI{ED ASSIGNMENT

Nor' ansn'er the following questions in the workbook provided and
deLir-er it to vour tutor for marking and comrnenting

1. (a) Differentiate between the following terms;(1) Osmorgulation and homeostasis.(ii) Vasodilation and vasoconstriction.
(iii) Excretion and defecation.

(b) what would happen to the human body if waste were
allowed to accumulate in the body after being produced?

[25 Marksl

2. trxplain how heat is lost and gained by a body of a mammal.
ll5 Marksl

3. Explain how homoeothermic over-come the problem of being
overcooled.

[25 Marks]

4. Briefly describe the way brood sugar is kept constant in the
body of human being.

[25 Marks]

5. After drinking alcohol, Mr. sumaye urinates more frequently
than normal. Explain why?

[1O Marks]
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6.3.10 KEY A]\ISWERS TO SELF CHECK EXERCISES
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Exercise One
l. I{omeostasis/regulation is the adjustment of body internalconditions to a constant or steady 

"trt..
2. (a) vasoconstriction of blood vessels to reduce blood

with health flow to the superficial skin.- The skin hair and fur 6ecome erected and trap air abovethe skin (a poor conductor of heat) which prdvents heat
loss through convection and conduction.- Shivering (vigorous muscle contraction)- In man, production of goose _ pimples.- A layer of fat in the skin ipoor conductor of heat)insulates the body against heaf loss.- I-Iibernation mammals become inactive.

(b) Reduce metabolic rate
- vasodilation and loss of heat by evaporation.- Panting by dog family
- Relaxation of hair muscle of mammals.

3. Adaptation to hot climate.
- Reduction in bod-v size e.g. kangaroo rat which can go intoburrows during the day.
- Large ears in elephants for rosing the excess heat.- Body with large surface area compared to volume ratio.

Exerclse T\po
1. - Skin
2. - Lungs
3. - Kidney
4. - Liver
5. - Kidneys
6. - Liver
7. - Skin
B. - Liver
9. -D
10.- B
11. - B
L2. - B
13.- c
L4. - C
15.- B
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