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PREFACE

Biology Grade - 12 is developed according to the Nalional Curriculum 2006 . It
is being published since 2014 and now it is presented under the new managemenl
and supervision of textbook development, principles and guidelines with new design
and layout

The standard includes higher thinking, deep knowledge, problem solving
substantive conversation and connections to the world beyond the class room and
achieve the targel sel by the curriculum. The special features of the textbook are:

e Each chapter begins with a brief recalling statement i.e., introduction to the
chapter. The textbook has coloured illustrations to capture the sludents’
attention. Where necessary, concept mapping has also been incorporated.

e Necessary Tit Bils' and 'Critical Thinking’ have been added in each chapter
for motivating the students to apply their intelligence and acquire more
knowledge.

e The exercises include multiple choice questions, short answer questions and
extensive questions.

e Althe end of the book a glossary and has been annexed.

In each chapter Science, Technology and Society connections are explained
in accordance with the curriculum. These interventions will serve as a guide for
evaluating the students’ skills development through the chapter knowledge and their
abilities lo apply knowledge to the scientific and social problems. The duration or the
number of periods is also allocated to complete each chapter, so that the leachers
can develop their teaching strategy and plans in an effective manner accardingly.

Quality of Standards and Actualization of Style is our motto. With these
elaborations, this series of new development is presented for use. However there is
always room for improvement and suggestion from the teacher and the community
will be highly appreciated to make the book more valuable and to make the textbook
more interesting, informative and useful for the students. After educational
feedback, research report and reviewed by NCC through review committees, now
this is the revised addition of the book biology for Grade-Xll for the year 2020.

May Allah Guides and helps us. (Ameen).

National Book Foundation
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RESPIRATION

EZ After completing this lesson,
you will be able to
Dafine the respiratory surface and st s properties.
Deascribe the main structural features and functions of the components of human respiratory system,
Describe the ventilation mechanism n humans.
State lung volumes.
Explain how breathing is controlied
Describe the transport of oxygen and carbon dioxide through blood,
Describe the role of respiratory pigments

State the causes, symploms and treatment of upper Respiratory Tract Infections (sinusitis) and lower
Respiratocy Tract Infoctions (pulmonary tuberculosis),

« Describe the disorders of lungs {lung cancer).
o List the effects of smoking on respiratory system.

LW g

Like other life processes, the respiration process aiso occurs al cellular evel and
organismic level. The process of respiration that occurs at cellular level is also called internal
respiration which s a catabolic process. It involves the breakdown of complex organic
compounds into simpler molecules with the release of energy. On the other hand, the process
of respiration thal occurs at organismic level is also called external respiration. It involves the
inhakng of oxygen and exhaling of carbon dioxide. Both the processes are Interlinked as the
oxygen, required for cellular respiration, is inhaled from environment while the carbon dioxide
which is produced in cellular respiration, is exhaled into the environment, This chapler deals
with various aspects of respliration,

14.1 PROPERTIES OF RESPIRATORY SURFACE

The area where gaseous exchange with the environment aclually 1akes place is called the
respiratory surface The respiratory surface must have the followming properties so thal
diffusion can occur effectively: (a) It must be moist and permeable so thal gases can pass
through. (b) It must be thin, because diffusson s only efficient over distance of
1 mm or less. (c) It should possess a large surface area so that sufficienl amount of gases can
be exchanged according to the organism’s need. (d) It should possess a good blood supply.
(e) There should be a good venlilation mechanism to maintain a steep diffusion gradient
across the respiratory surface.
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14.2 RESPIRATORY SYSTEM OF MAN

The body system which is responsible for the |
exchange of gases between body fiuld and outer

Nasal cavaty

environment is called respiratory system. Nose Praryna Uppor
g pery (theoaat) rospuratory

The human respiratary system can be divided into - Larynx tract

two regions, upper respiralory tract and lower Trachea

respiratory tract. 'L”‘";';MM

. B ..

14.2.1 Upper Respiratory Tract | o
The upper respiratory tract Includes nostnls,

nasal cavity and pharynx.

Nose Fig. 14.1 Human respiratory tract

The nose is only externally visible part of the respiralory system. Human nose s
composed of bones, cartilage and fatty tissues. The external openings ol nose are called
nostrils and the inner hollow spaces are called nasal cavities. There are two nasal cavities
which are partiioned by means of nasal sepium (the part of nasal bone). The anterior parts of
nasal cavities near the nosltrils are called vestibules which contain hair. Both the nostriis and
nasal cavities are ined by ciliated mucous membranes.

Nose hair, mucus and cilia serve as a defence

mechanism against the harmful pathogens and
particulate matter present in the air, The mucus and
cilia filter the air and prevent the entry of foreign
particles such as microorganisms, dust and particulate
matter inside the respiratory system. The mucus also
helps in moistening the air. Cilia move the trapped
substances to the pharynx for their removal
Undemeath the mucous membrane, there are blood
capillaries that help to warm the air to about 30°C,
depending upon the extemnal temperature.

Pharynx

3
Internal ‘ :
NAares - \

Ornl
cavily
Uvula

Nasopharynx

Oropharynx
Epiglotus

Larynx .
Qaesophagus v

Fig. 14.2 Pharynx

Lnr,'my;pm\ rynx

Pharynx Is cone-shaped passageway leading from the oral and nasal cavities o the
oesophagus and larynx. The pharynx is part of the digestive system and also the respiratory
system. The human pharynx Is conventionally divided into three sections' the nasopharynx,

the oropharynx, and the laryngopharynx
14.2.2 Lower Respiratory Tract

The lower respiratory tract includes the larynx, trachea, bronchi and lungs.

Larynx

The larynx is an enlargement in the airway al the top of the trachea and below the pharynx The
larynx is composed primarily of muscles and cartilages. One of the cartilages is the epiglottis.
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This structure usually stands upnght and allows air (o enter the larynx. During swallowing, however
larynx is raised and the epiglottis is pressed downward. As a resull, the epiglottis partially covers
the opening into the larynx and helps 1o prevent foods and liquids from entering the air passages.
The opening of the larynx is called glottis, It is also lined with mucous membrane. Inside the
larynx, there are two vocal cords which are responsébie for vocalization.

Trachea

. The trachea or windpipe is a membranous
B/ Science Titbits tube. It consists of dense regular lissue and smooth

The alveck of human lungs are ined wih a | 1 \coin rainforced with 15-20 C-shaped pieces of
surfactant. a fm of ipoprotein that lowers cartiage

the surface tension and prevents them from
dosing. Sufactant aiso speeds up the | Bronchi and bronchioles

transport of oxygen and carbon doxde ;
between the ar and bquid lning the alveolus The trachea divides to form two smaller lubes

and helps 10 kil any bacteria, wivch reach the called primary bronchi. The primary bronchi divide
avech Swiactant s conslanty being | /N0 Secondary bronchi within each lung There are
secreted and reabsorbed in & healthy kung two secondary bronchi in the left lung and three in the
nght lung. The secondary bronchi, in tum, give rise 10
tertiary bronchi. The bronchi continue to branch, finally giving rise to bronchioles which are less
than Tmm in diameler. The bronchioles also subdivide several times to become even smaller
terminal bronchioles. In the secondary bronchi, the C-shaped cartilages are replaced with
cartilage plates but the bronchioles and their terminal branches have no cartilage structures.

Alveolar ducts and alveoli

The terminal bronchioles divide to form
Branch of pulmonary anery giveolar ducts. These alveolar ducts end at tiny
Branch of pulmonary vein  5; fieq chambers called alveoli which are the
Branchiole sies of gas exchange between the air and the
blood. There are over 700 milkon alveoli present
in the lungs,. The wall of each alveolus is only 0.1
i Capillary beds pum thick. On is outsides (s a dense network of
blood capillanes. Lining each alveolus s moist
squamous epitheium. This consists of very thin,
flattened cells, reducing the distance over which
diffusion must occur. Collagen and elastin
proteins are also presenl in their walls which
Fig. 14.3 Alveol allow the alveoli 1o expand and recoil easily

durnng breathing.

External structure of lungs

The lungs are the principal organs of respiration. Each lung is conical in shape, with s base
resting on the diaphragm and its apex exiends 1o a point just above the clavicie. The nght and lefl
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lungs are separated medially by the heart and
mediastinum, which is the area between the
lungs.

The left lung has two lobes, superior
lobe and inferior lobe. The left lung shares
space with the heart. The nght lung has three
lobes The hilum is a trangular shaped
depression of both the lungs where the blood
vessels and airways pass Into the lungs. The
lungs are spongy due to presence of alveoli.

-~ -

Rightlung  Left lung

Supanor lobe J i Superior lobe

Midcties Jobe l
Infenor lobe

Infenor tobe
Fig. 14,4 Human lungs

14.2.3 The Mechanism of Breathing (Ventilation)

The lungs themselvas neither draw In air nor push it oul. The daphragm and the inlercostal
muscles accomplish the expansion and contraction of the lungs. The diaphragm is a large dome
of skeletal muscle that separates the thoracic cavity from abdomnal cavity. There are two sets of
intercostal muscles between each pair of nbs: the external intercostal and the intermnal
mniercostal. The muscle fibres run diagonally but in opposie direction in the two sets of muscles.
Breathing takes place in two phases i.e,, inspiration and expiration.

During Inspiration: Air
R cago “.
‘ -~ '
--—“‘:: s
Rl c4ge muees e -:4- "‘,
up and outwand :‘_—;‘:/
"v
Dapliragm contracts ‘ M ‘l
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7
i
-
»> 3 4
Pressute n lungs " .
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During experation.
"9 &P Alr
)
Rib g -
-~ /‘,
R cage moves . -
down and imward ""--//
¢
\pheagm folaces : .
AN moves ug \
.
¥
.
.- -
Prossure in lungs —— -\
NCI0ASes. and / 1 | ’
AIr pushed o

Fig. 14.5 Mechanism of breathing in human

Inspiration: It IS taking in of air, it is the active phase of breathing During inspiration
contraction of the diaphragm causes its dome shape 1o flatten or less dome shape whereas
contraction of the external intercostal and relaxation of the internal intercostal causes the nb
cage to move upward and forward, Both these events resull in increase of inner space of
thoracic cavity Consequently, the pressure in the thorax and hence in the lungs. is reduced to
less than atmospheric pressure. Air therefore enters the lungs and alveoli become infiated.
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Expiration: It is the removal of air out of the lungs: it 1s the passive phase of breathing. During
expiration relaxation of the diaphragm causes il lo become more dome shape whereas
relaxation of the external intercostal and contraction of the intemal intercostal cause the rib
cage 10 move downward and backward. Both these events resull in decrease of inner space of
thoracic cavity Consequently, the pressure in the thorax and hence in the lungs. 1s increased
to more than atmosphernc pressure, therelore, air s forced to expelled from the lungs.

14.2.4 Respiratory Volumes

Breathing (inspiration and expiration) occurs in a cyclical manner due to the movements
of the chest wall and the lungs, The resulting changes in pressure, causes changes in lung
volumes, i.e., the amount of arr the lungs are capable of occupying These volumes tend to
vary, depending on the depth of respiration, gender, age and in certain respiratory diseases.
Respiratory volume is the amount of air inhaled, exhaled and stored within the lungs at any
gven time. The amount of air which is inhaled or exhaled at rest is called tidal volume. The
average tidal volume is 500ml The amount of extra air inhaled (above tidal volume) during a
deep breath is called inspiratory reserved volume. This can be as high as 3000ml. Total lung
capacity of human is 6000ml.

Scionce, Technology and Socioty Connections

Mouth to mouth artificial respiration. (Cardiopulmonary Resuscitation (CPR)

Mouth to mouth artificial respration (s called resusctation, I is a technique used 10 recover a person who has
stopped breathng. In this technique, the rescuer presses his o her mouth against the mouth of the victim and
allowing for passive inhalabon, lorces air mio the lungs at intetvals of several seconds

What to do:
Stratch out victim on his back and kneel close to hes side. Loosen any tght clothing around his neck or chest.

Remove foreign objects if present from vicim's mouth and throat by finger sweepang

Lift up chin and 4t head back as far as possible. If the head s not lilted, the longue may block the throat

Begin the resuscitabon iImmedately Pinch the nostrils together with the thumb and index finger of the hand

tha! is pressing on the victim's forehead This pravents the koss of ar through the nose during resuscintion

Inhalo deopiy

6. Place your mouth tightly around the victim's mouth (over mouth and nose of small childean) and blow Into
the air passage with bnel inlervals. Continue this aclivity so long as there s any pulse or heartbeat

7 Walch Ihe wictim’s chest Whan you see d rise, stop blowing, raise your mouth, tum your head to the side

and listen for exhalation

B pabenl s revived, keop him warm and do nol mave him untd the doclor amves, or at keast for halt or one
honr

& W N -

o
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Scinnce. Technology and Society Conneclions

Justify why birds perform much better than man at high altitudes.

The ethiciency of the lungs of birds s that thay can extrmct considerably more oxygan from a given guaniity of
air than our lungs This 5 bocause birds have haemaoglobm with iy very high affinity for oxygen Thoy have &
very large number of capdtanes in lungs They have one-way flow of a¢ through 1he lungs so there is no dead
air {residua’ volwmoe) in the terd's lung Birds have soveral large air sacs o addtion o ther lungs

14.2.5 Control of Breathing (Ventilation)

Normally we are not conscious of our breathing because i1 15 controlled involuntanly A
breathing centre located in the medulla of the brain cames oul invaluntary control of breathing.
The ventral pertion of the breathing centre acts 10 increase the rate and depth of mspiration and
s called inspiratory centre The dorsal and lateral portions inhibil inspiration and stimulate
axpirabon These regions form the expiratory centre.

Through the cerebral cortex it 1s possible to consciously of uncensciously increase or
decrease the rate and depth of the respiratory movement. A person may also stop breathing
voluntanly. Occasionally people are able 10 hold their breath unhl the blood partial pressure of
oxygen declines (o a lavel low enough that they lose consciousness. Afler conscousness is lost,
the respiratory centre resumes its normal function in automatically controlling respiration.
Emotions acting through the limbic system of the brain can also affect the respiratary centre

Skitls Analyzing, Interpreting and

Communication

o Draw and label a diagram lo lustrate
the meroscopic structure of human
lung with the help of slides

e Trace the path of air through different
parts of human respiratocy System

MY T "’)

Scilonce Tochnology and
Society Connections

Describe the development of
artificial  breathing apparatus
(for use under water and at
high altitude and by fireman)
The word SCUBA & an acronym
for  Sell-Contmned  Undgrwater
Breathing Apparatus. |t 15 also
cafed aqualung

A typenl aquiung contims compressed ar of o mdute
calied Nitrox which consasts of about 35 poroent oxygen and 65
percont nitrogen  This apparatus consists of a tank contaning
highly comgeessed ar in which the prossure down 10 an amtent
Pressure SO divers could Breatho cormfortably a1 any depth Human lung tissue

14.3 TRANSPORT OF GASES

Like other malenals, respiratory Qases are also transporied n vanous reqions of the
body by means of blecod The blood transports oxygen {rom the lungs to different issues and
carbon dioxide from tissues 1o the lungs
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Red tioc G Dxygen

)a from ungs

Ohygen rolonsed

e

O ygon boedod

wih hupsomoglobin molecules

Fig. 14.6 Transport of oxygen

113 fissue celly 3 b

3

E2 science Titbits

Tho oxygen carrying capacity of biood s
directly proporbonal to the partal pressure
of oxygen (PO;) Maximum oxygen carrying
capacity of antenal bicod s 20 mi100 m! of
blood (100% saturated) which i achieved at
100 mmHg PO, The 5 ml of O, is released
10 the bssues by each 100 ml blood
Oxygen cartying capacily IS sensitivi 10 a
vanety of environmental conditions hke rise
in body temperature. drop in pH of blood
and panial pressures of carbon dioxde arvd
OXYGEN

-4
E Sclonce Titbits

The amount of haemoglobin s 15 gms/100
ml of pood. Since 1gm Hb can combing
with 1.34 ml of O, therelore 100 ml blood
comhines with 20 ml O, (100%: saturated)
Normalty each 100 ml of artesdl blood
contains 194 mi O, (e. it 5 97%
saturated; PO, « 95 mmHg), while 100 mi
of venous blood contans 144 ml O, (1e, it
15 75% saturated, PO, is 40 mmHg)

Accumulation of H' wons Increases acidity in the blood, |e.,

14.3.1 Transport of Oxygen in Blood

Approximately 97% of oxygen is camed by
the red blood cells as oxyhaemoglobin, while 3%
Is transported as dissolved oxygen i the plasma.
At i1s high partial pressure oxygen binds with
haemoglobin. This binding 1s revers:ible that occurs
in the lungs in the presence of anzyme carbonic
anhydrase Each molecule of haemoglobin can
bind with four motecules of oxygen to form
oxyhaemogliobin

Cavtonic anbytt
Hb + 40, ™" "'"”. Hb4O,

The ability of haemoglobin to bind with
oxygen is called oxygen carrying capacity of
blood.

14.3.2 Transport of Carbon dioxide
in Blood

Carbon dioxide is transported in the blood in
three main ways: (l) In the form of bicarbonate
ons. (1) In the form of carboxyhaemoglobin

(iir) Dissolved in plasma.
(i) As bicarbonate ions

Approximately 70% ol carbon dioxide 18
carried n the blood as bicarbonale ions. Carbon
dioxide diffuses nto the blood, enters the red
blood celils and combines with water 1o form
carbonic acid in the presence of enzyme carbonic
anhydrase. The chemical reaction can be depicted
as follows:

CO; + H,0 H,CO,

Canors antiyase
—_———
-—
Carbonic acid. H,CO; s an unstable

compound and dissociates 1o form hydregen ions
and bicarbonate 1ons.

H,CO, H' + HCOy

Coattone wihydrase

—_—
P

it leads o the

decrease in pH This does not occur since haemoglobin buffers the hydrogen formed. The
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hydregen won readily associates with oxyhaemoglobin (Hb40;) to farm haemoglabinic acid
(HHb) and oxygen is released Lo the tissue,
Hb4O, + H HHbH + 40,

From inside of the erythrocytes negatively charged HCOT wons diffuse to the plasma.
This 1s balanced by the diffusion of chloride wons, (C17). in the opposde direction. This s
achieved by special bicarbonate-chlonde camer proteins that exist in the RBC membrane. This
protein moves the two 1ons in opposite directions. maintaining the balance of lons on either
side. This is called the chloride shift or Hamburger' phenomenon,

Capillary wall

(a)

(b)

Fig. 14.7 Transpont of CO, as bicarbonate oas (a) Transfer of CO, from tissues 10 tiood (b) Transter af CO,
from blood to lungs

The chlonde ions that enter the RBC combine wath potassium (X°) to form polassium
chloride, whereas bicarbonate ions in the blocd plasma combine with Na“ to form sodium
bicarbonates The blood pH is thus mamtained at approximately 7.4 by the buffer mechanism
that exists in blood

Transport of CO; depends on the partial pressure of CO,. The partial pressure of CO, 1s
nigher i tissues than blood so it diffuses into blood here it react with waler and transported to
the lungs as bicarbonate on. In lungs process reverses and bicarbonate ons combine with
hydregen lon lo release carbon dioxide and walter
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(i) As carboxyhaemoglobin

Aboul 23% of carbon dioxide IS carned as carboxyhaemoglobin. CO, combines with the
globin part of haemoglobin. The reaction depends upon the partial pressure of CO,. When the
PCO; is higher in the tissues than blood, formation of carboxyhaemaoglobin occurs. When the
PCO; is higher in the blood than tissues as in case of lungs, carboxyhaemoglobin releases is
COJ.

(iii) As dissolved CO; in plasma

Only 7% of carbon dioxide is carned this way. This s rather inefficient way o carry
carbon dioxide, bul it does occur.

Science, Tochnology and Socioty Connections

Describe the carbon monoxide poisoning (caused by gas heaters loft on overnight in closed
environments),

Gases that have undergone incomplete combustion produce CO and toxic fumes (hydrogen
cyanide). In carbon monoxige poisoning caused by gas heaters, left on overnight in ciosed
environments, CO binds to haemoeglobin preventing the uptake of oxygen by haemoglotin The
symptomns of CO poisoning are nausea, vomiting, headache, mental stalus changes, and cherry-red
lips. CO binds to haomoglobin with affinity 249 times greater than that of oxygen. CO poisoning also
decreases abihty of haemoglobin to release oxygen 1o tissue.

14.3.3 Respiratory Pigments

Respiratory pigments are coloured molecules, which act as oxygen carriers by binding
reversibly to oxygen All known respiratory pigments contasn a coloured non-protein portion €.g.,
haem in the haemoglobin. The two wellkknown respiratory pigments are haemoglobin and
myoglobin.

Haemoglobin

It contains four globin protein chans,
each associalted with haem, an Iron-
containing group. Iron combines losely wilh
oxygen and in this way oxygen s camed n
the blood. At high oxygen concentrations, the
pigment combines with oxygen, whereas at
low oxygen concentrabons the oxygen is
quickly released.

_ Myoglobin
it chain It consists of one polypeptlide
chain. This chain is associated with an

j} chain

Fig. 14.8 Haemoglobin
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iron containing ring structure. This iran can bind
with one molecule of oxygen It is found in skeletal
muscles and 1s the main reason why meat appears
red It serves as an intermediate compound for the
transfer of oxygen from haemogiobin o aerobic
metabolic pracesses of the muscle cells. Myoglobin
releases oxygen when Lhe partial pressure of
oxygen is below 20 mmHg In this way it stores
oxygen in resting muscie, only releasing it when
supphes of oxyhaemoeglobin have been exhausted Fig. 14.9: Myoglobin

Table 14.1 Differences between haemoglobin and myoglobin
= -
(1) Wt consists of four polypeptide chains. | (1) It consists of one polypeptide chain,
(2) Each molecule possesses four won | (2) Each molecule possesses one won

containing haem groups. containing haem group.

(3) Four oxygen molecules can bind to | (3) Only one oxygen molecule can bind to
each haemeglobin molecule each myaglobin molecule.

(4)  Itis found in RBCs, (4)  Itis found in muscles.

{5)  Niransports oxygen. (5) It sleres oxygen.

(6) It has less affinity wath oxygen. (6) It has more affinily with oxygen,

{7)  Itleses oxygen at PO, 60 mmHg (7)  Wloses oxygen at PO, 20 mmHg

Sclence, Technology and Soclety Connections

Relato the transportation of gases o hiccups, sneezing Normal Breathing Hiccups
and snoring.

Hiccups: It is the spasmadic contraction of the diaphragm A

while the glottis is closed. producing a sharp respiratory . Arr

sound. Il is reflexive and serves no known functions. Epgatts A Epgatts R
Sneezing: Deap inspiration s followed by a closure of the (D007 amaay) _~° i " 5 3
glottis, The forceful expiration thal results abruplly opens the < e i B

glottis, sending a blas! air through Ihe nasal cawly. The ’ } Dragiv ; "{
eyelids close reflexively duting sneeze Sneezing IS a Y confracis 4
reflexive response o imlating stmulus of the nasal mucosa

Sneezing clears the upper respiralory passages

Snorng: It 15 a rough, raspy noise that can occur when a sleepng person inhales through the mouth and

nase. The nosa usually s mado by wiation of the solt palate whech may occur as a result of vocal cord
wvibration.
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14.4 RESPIRATORY DISORDERS

Several defence mechanisms protect the dehcate lungs from the harmful substances we
breathe. The hair around the nosltnls, the mucous lining in the nose and pharynx and the
cilia which are mucous elevator, serve 10 remove foreign particles in the inspired air.
Continued inhalation of harmful substances results in the respiratory disorders.

14.4.1 Upper Respiratory Tract Infection

The infections of the upper respiratory tract include sinusiis, etc
Sinusitis

Sinusitss is an inflammation of the nasal sinuses that may be acute (symptoms last 2 - 8 weeks)
or chromic (Symptoms last much longer) The sinuses are holes i the skull between the facial bones.
Cause: Sinusitis is generally caused by cold and wet climate. Atmosphenc pollution, smoke,
dust, overcrowding, dental infections, viral infections elc., also cause sinusilis.

Symptoms: Fever, nasal obstruction, raspy voice, pus-like nasal discharge. loss of sense of
smell, facial pain or headache that is sometimes aggravated by bending over.
Treatment: If a bacterial infection is present, antibiolics or sulpha drugs are usually

prescribed. Beside it the physician may also prescribe nebulization which can be useful in
reducing inflammation in the sinuses and nose and to accelerate recovery.
14.4.2 Lower Respiratory Tract infection

The infections of lower respiratory tract include, pulmonary tuberculosis etc,
Pulmonary Tuberculosis

Pulmonary Tuberculosis (TB) is a highly conlaglous .
chronic bactenal infecton of lungs. When people have Science Titbits
pulmonary luberculosis, the alveoli burst and are replaced by | Aboul 15  percent of T8
inelastic connective tissue. The cells of the lung tissue build | Patients may develop the
a protective capsule around the bacilll and ssolate them from | 9'%¢33¢ In an organ other than
rest of the body This tiny capsule is called tubercle The TN fung. sueh a8 he hymeh

: nedes, Gl tract. and bones and

lubercles can ruplure. releasing bacleria that Infect other | ...,
parts of the lung.
Cause: Pulmonary tuberculosis is caused by Mycobaclenum tuberculos:s.
Symptoms: There s a low-grade intermittent fever usually in the evening, night sweats,
weight loss, ancrexia. depression, weakness and dry cough with sputum, dull ache in the chest
due to Inflammation of the pleura of the lungs,
Treatment: Taking medicines for 9 months regularly can cure T.B disease. This i1s calied Daily
Observed Treatment Short Course (DOTS). This treatment is given to patients under
supervision 10 ensure that the "medicines intake” complelely cures the patient

14.4.3 Disorders of the Lungs

There are many disorders that affect lungs. Emphysema and lung cancer are two
common examples of disorders of lungs
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Lung Cancer

Cancer is a malignant tumour which may develop due o uncontrolled cell diwsion.
Cause: Smoking Is the main cause of lung cancer because lobacco smoke conlans many
carcinogens. In addition o this, asbeslos, arsenic, radiations such as gamma and x-rays, the sun,
and compounds in car exhaust fumes are all examples of carcinogens.
Symptoms: The first event appears 10 be thickening and callusing (over growth) of the celis
lining the bronchi Then there is a loss of cilia so that it is iImpossible to prevent dust and dint
from setting In the lungs. The tumour may grow until the bronchus IS blocked, cutting off the
supply of air to that lung.
Treatment: The only treatment that offers a possibility of cure is to remove a lobe or the lung
completely before secondary growths have time o form This operalion is called
pneumonectomy. Treatments also include chemotherapy and radiotherapy.

>

1 Sclonce Titbits

The spread of pulmonary TB can be conlrolled by some praventive measuros kke:

(1) Livang room should be well ventilated and bight

(2) Always covar the mouth with cloth during coughing and sneezing

{3) Avodd spitting openly.

(4) Adwarys burry or burn the sputum of patont

(5) The patients should spd in a utonsid with éme powder (10 prevent the spread of disease.

(6) The use of masks and other rospiratory isolation procedures to provent spread o medical
personal Is aiso imporiant

Smoker s fungs

14.3.4 Effects of Smoking
The effects of smoking on respiratory system are. % =
1) Cigarette smoking causes about 87% of lung cancer. J
2) Besides lung cancer, cigarette smoking I1s also a major %
cause of cancer of the mouth, larynx and cesophagus. \& *
-

3) Cigarette smoking causes other lung diseases e.g..
chronic bronchitis, emphysema.

4) Cigarette smokes contain chemicals which irmtate the
air passages and lungs, causing earlty morming cough

5) Smokers are likely to gel pneumoenia because damaged or deslroyed cilia cannol protect
hmgs from bactena and wiruses that float in the air
Almost immediately, smoking can make it hard to breathe, Within a short time. il can also
worsen asthma and allergies.

A

1. Montification of gdferent pans of the respiratory and raproductve systam ol a dissecled frog (dissection
would be done iy the teacher)

2 Examination of sheep lungs

1 Companson and interpretation of the X-ray films of lungs of a smoker with that of a healthy man

Healthy lungs
Fig. 14.10: Effects of smoking
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Select the correct answer

When blood leaves the capillary bed most of the carbon dioxide is In the form of

(A) carbonate lons (B) bicarbonate ions

(C) hydrogen ons (D) hydroxyi ions

When you inhale, the diaphragm

(A) relaxes and moves upward (B) relaxes and moves downward
(C) contracts and moves upward (D) contracts and moves downward

With which other system do specialised respiratory systems most closely interface
In exchanging gases between the cells and the environment?

(A) the skin (B) the excretory system

(C) the circulatory system (D) the muscular system

Which of the following is the respiratory surface in human respiratory system:

(A) larynx (B) trachea (C) bronchi (D) alveoli

How is most of the oxygen transported in the blood?

(A) dissolved in plasma (B) bound to haemagloibin

(C) as bicarbonate (D) dissolved in water

The lateral walls of the chest cavity of man are composed of the!

(A) nbs (B) intercostal muscles

(C) nbs and intercostal muscles (D) nibs, mtercostal musdes and daphragm

Which of the following factors Is the mos! effective in accelerating the rate of
breathing i man?

(A) a lack of oxygen in the blood (B) a lack of oxygen in the lissues
(C) an excess of carbon dioxide n the lungs (D) an excess of carbon dioxide in the blood

Which of the following changes will increase the body's rate of carbon dioxide
excretion into the alveoli?

(A) holding the breath

(8) the breakdown of alveolar issue as a result of disease

(C) a decrease In the partial pressure of carbon dioxide in the alveolar air
(D) a decrease in the pulmonary circulation

Breathing is an example of

(A) counter current exchange (B) cellular respiration

(C) ventilation (D) diffusion

Which event is not associated with the activity of expiration?

(A) contraction of diaphragm (B) more dome like shape of diaphragm

(C) backward and downward movement of nb cage
(D) relaxation of external mtercostals muscles
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(xi) Respiratory pigments
(A) combine reversibly with only oxygen (B) all have four haem groups

(C) attach to the alveolar wall (D) None of them

(xit) Which sequence most accurately describes the sequence of aiflow in the human
respiratory system?
1. pharynx 2. bronchus 3.trachea  4.larynx 5.alveolus  6.bronchiole
(A)4,1,3.2, 5.6 (B)1,4.3.2.5.6
(C)4.1.3,2,6,5 (D0)1.4,3,2,6,5

(o

Short Questions

What is respiratory surface? Wnie the properties of respiratory surface.

What organs conslilule the respiratory system?

How nose and nasal cavity function in filtering the incoming air?

Whalt is the role of ‘pharynx’ in human respiration?

Describe the structure and function of human larynx,

Descnbe the structure and function of alveaoli

How the contraction and relaxation of human lungs take piace?

What is respiratory reserved volume?

What is chlonde shift?

What are the advanlages of having millions of alveoli rather than a pair ol simple
balloon like lungs?

Write the differences between:

(a) Internal and external respiration {b) Upper and lower respiratory tract

{c) Bronchi and bronchioles (d) Oxyhaemogiobin and carboxyhaemaoglobin
(e) Haemoglobin and myoglobin

—
t: Extensive Questions

18.  Describe the human upper respiratory tracl,
19, Describe the human lower respiratory tract.
20 Describe the mechanism of breathing In man
21, How the control of breathing takes place?
22.  Explain the transport of oxygen in blood
23 Explain the transpon of carbon dioxide in blood.
24, What is the role of respiratory pigments in man?
25. Describe the cause, symptoms and treatments of:
(a) Sinusits
(b) Pulmonary tuberculosis
(c) Lung cancer

2@V A BN

-
—_

—
N



CHEMICAL COORDINATION

/ After completing this lesson,
you will be able to

« Stale the role of hormones as chemical messengers
o Desenibe the chamical nature of hormonas and correlpte it wath smportant hormones.

e Trace ihe path of the chemacal messaga from ils release from the endocring glandg 10 s action at
tho target sile.

«  Explain the two modes of hormone action a1 tho colls of target silo

« Locate the folowing endocring glands in human body, piluitary, thyroeed, paraihyrold, pancreas,
adrenal, gonads.

e Name tho hormonal secrohons of 1he above-mentionod glangs.

«  OQulline the maor funclions of the hormones of above mentioned glands and also refale the
protioms associated with the imbatance of theso hormones

«  Explain the neurosecretory rolo of hypathalamus,

«  Desenbe tihe functions of the hormones qecreted by Ihe endocring tissue olher than the menboned
above

«  Qulling tho concept of Feedback mochanism of hormonas.

« Describe positive feedback with reference to Oxylocm and negative feedback wilh reference to
Insutin and Glucagon,

Y reaina

The cellular funclions needed to be continuously regulated. The nerve fibres do not
innervate all the cells of the body; a special kind of coordination system is thus required, The
endocrine system serves the role lo coordinate mos! body ceils. The hormonal system is
concemed with control of the different metabolic functions of the body, such as lhe rale of
chemical reactions, the transport of substances through the cell membranes. growth, and
secretions. This coardination is calied chamical coordination.

18.1 HORMONES - THE CHEMICAL MESSENGERS

Glands are the tissues that produce and release some preducts calied secretions. There
are two types of glands in the body, exocrine gland and endocrine glands. An endocnne gland
or ductless gland secretes chemicals called hormones which affect the cells in ather pars of the
body.



18 Chemical Coordination _

18.1.1 Hormone as a Chamical Messenger
A hormone is a small soluble arganic molecula which is effective in low concantration. It is
aessenlially a chemical messenger thal transports a signal from one cell 1o anather. 11 has its
effect al a site where specific receplors are present, called the targel, hence it is lermed as
messanger,
Chemical nature of harmones
All the hormones are organic subslances of varying structural | |
complexily. Chemically, they may belang to any of the following f Science Tilbits

calegories. )
In 1902, Bayias and Starkng,
{(a} Sterold hermones: The homones secrated by Ihe | prepared an exiract from the

adrenal conesx, lestes, ovanes and placenla are composed | duodenum which  stimutaled
of steroids e.g. corisone, aldoslerone, lesicsterone, ;‘_ﬂﬂt'ﬂ“ " of hF'-'l"CIf'!E“'E
geEalnag |ueCes when fd owns
BBlmgen, progesionng. ) injecied into the bloodstream,
(b) Proteinous hormones: Somalotrophic. thyrotrophic and | Toey cated  the  product
gonadotrophic homaones are secreled by the antersor lobe of | “secretin’, and  coined  the
pituilary gtand and insulin hormone is secreted by pancreas. lenm ‘hormona’. meaning 1o
. g oucite’ or 1o 5af in molion”
(e} Catecholamine: Adrenaline and noradrenalne are
secreted by the adranal medulla.

(d} Amino acid dorivative: Thyroxineg hormone is seceeted by the thyroid gland.
(2] Peptide Hormones: These include melanocyle stimulaling haormmone, tThe hormones
oxylocin and vasopressin, adrenacoricotrophic hormone, calcitonin and paralthormaone.
18.1.2 Mode of Hormone Action
Protein Hormones
Protein and peplide hormanes canno! pass through cells’ plasma membrane because
they are waler soluble, These hormones (first messenger) bind with their receplors on the
plasma membrane of fargel cell, starting a senes of events in the cell which generales second
messenger (e.g. cAMP). The second messenger then triggers various changas in (ke cell
including activation of enzymes, gene activation.

O " Gene
peptide Activation
hormone 3

5 nd messenger |
. .._ - —
cytopiasm UGBS

Fig. 18.1 Moda of action ol pralain harmand.
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Steroid Hormones
Steroid and thyroid

Nucleus hormones can pass through
Cytoplasm Compiex binds plasma membrane because they
| to receplor are lipid soluble. Receptors for

sites on chromatin, these hormones are located

. activatingmRNA  inside target cells, in the
Steroid transcription cytoplasm or nucleus. Hormones

receplor b bind with their receplors lo form

8»\ < hormone-receptor complex. This

o \ 8 N complex then binds with promoler
\. @ b region of particular gene, acting
Steroid | ’ - as transcription factar. mRNA of
hormoney Hormone- receptor :ha' .g‘:,"o ‘: : 'O"Pfdd ‘by
complex enters nucleus mns<':np lon and translate nto

protein, Targel cell aclivilies are

Fig. 18.2 Model of action of sleroxt hormone modified by the allered gene

expression,

18.2 ENDOCRINE SYSTEM OF MAN

Endaocrine system is the type of glandular system, consists of some 20 duclless glands
lying in different parts of the body. Some of the major endocrine glands, their locations and
hormaonal secretions are shown in the figure 18.3.

18.2.1 Neurosecretory Role of Hypothalamus

Hypothalamus is part of forebrain. It regulates a wide spectrum of physiolcgical functions
such as hunger, thirst, sieep and temperature. Hypolhalamus also monilors metabolites and
hormene levels in the blood. The hypothalamus is the master control cenlre of the endocrine
syslem. I's endocrine signals direclly conlrol the pituilary gland. It conlains special groups of
neurosecretory cells. These cells conducl impulses and have developed secrelory capacily
1o a high level, These cells produce regulatory hormones which regulate the synthesis and
secretion of pituitary harmones, The hormones produced by the hypothalamus are either the
releasing factors which stimulate secretions of pituitary hormones or inhibiting factors which
inhibtit secretion of pituitary hormones, These are produced in the cell bodies of the celis and
packed Inlo the granutes and are transported down to the axon by cyloplasmic streaming. The
axon endings of the neurosecrelory cells synapse walth blood capillanes and release their
harmones into the blcod when stimulated. The hormaones fram hypothalamus and their
functions are given in the table 18.1.
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Production of ADH, Melatoain
oxytocin and PARATHYROIO GLANDS
L] — (on postarnior surface of
 PITUITARY GLAND | P o toxiione T
| Antarior lobe: armt e (PTH)}
ACTH, TSM, GH, PRL .-/ HEART
FSH, LH, and MSH Natnurolic pepbides:
m:""'a':’:"? . |3HvRoio GLAND ANP-and 8NP
b M":‘;"H *ylocn - Fnvfoxine (T,) KIONEY
Triodotnyfonine (T,) Ronn
Calcitonin (CT) Erythropoletin (EPO)
Calcitriol
(Undeegoes atrophy e — ~{ ADIPOSE TISSUE
Curing abusthood) L Loptn
Thymosing ; Rosistin
Gas DIGESTIVE TRACT
ADRENAL GLANDS Numerods bormones
Eoch adrenal gland i \ CANCREATIC
subdivided indo; Tosts
Adrenal madulia: i ke ISLETS
Epinaphring ;‘E) \ GONADS S ROCRION
Nocepinephrine (NE) “{ Testes (ma'e)
Adrenal cortox, . > Androgens (especaally
Cortisol, corticosterona, (S (“' 9 | |testostercae). inhibin
aldestarone, androgens ! | Ovaries *fomale)

|Ovaey g

Estrogens, progestins,
mtibin

Fig. 18.3 Major endocrine glands and Iheir locations in humean

Table 18.1 Hypothalamic hormones and their effect on pituitary gland

Hormone from the hypothalamus

Anterior pituitary response

Growth hormone releasing factors (GHRF)

Sacroton of growth hormone (GH)

Somatostalin

Inhibibon of GH

Thyrotroptun roleasing factor (TRF)

Sacroton of thyroud stimulaling hormono (TSH)

Adrenocoticotrophin releasing factor (CRF)

Secreton of adrenacorticotrophic hormone (ACTH)

Prolactin inhitrting factor (PIF)

Inhibits secrabion of protacin

Gonadolrophin releasing hormoaa (GnRH)

Secrabon of FSH and LH

In addition, the neurosecretory cells thal arise from the hypothalamus also produce two
primary hormones i e, anlidiuretic hormone (ADH) and oxytocin which are stored in poslernor
lobe of pilutary gland and are released from here when needed.
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18.2.2 Pituitary Gland

Piluitary gland is located just below the hypothalamus. Il is attached 10 hypothalamus by
a slalk called infundibulum which s composed of bloocd vessels and the fibres of
neurosecretory cells. Pituitary gland is divided into three lobes, the anterior, posierior and the

median.
e e Anterior lobe of pituitary
» nerve cell N\ . ;
3 v N Classically, the antenor pituitary s
Sont)) - \ p_— considered the master gland of the
» %’n Mo e endocrine  system because il secretes
%., y. numerous hormones, many of which regulate
~ :“' & A lhe aclivity of other endocrine glands. It
Adrenal ! secretes six hormones, all of which regulate
SO ' the secretory aclion of other endocrine
‘..' : glands.

o ‘““"d‘ y Growth hormone (GH) or Somato-
Wﬁd = ﬁ(\‘ Prolactin (PRL) trophic hormone (STH). It is released under
= qu influence of hypothalamic growth hormone

rm!o £ ; | releasing factor (GHRF) and are inhibited
. {f{ by hypothalamic somatostatin. GH has a
Oy \ direct effect on growth and development. GH

Mammary glands stimulates cell growth and cell division. It also
stimulates uplake of amino acids inlo celis
and increases rale of protein synthesis.

Deficiency of GH resulls in dwarfism in which development is much slower and indwidual
has short stature, however, the body parts slay in proportion and brain development and 1Q
are unaffected.

Gigantism is result of over secretion of GH during childhood in which the bones are
stll capable of growth and person increase in height abnormally. Over secretion of GH in
adull fe causes acromegaly in which bones are no longer capable of increasing in length
but grow in thickness. Acromegaly i1s characlerised by enlarging the hands, feel, skull, nose
and jawbone.

Thyroid stimulating hormone (TSH): Thyrotrophin releasing factor (TRF) from
hypothalamus stimulates the synthesis and release of thyroid stimulating hormone (TSH)
from the anlerior pituitary. TSH regulales the endocrine funclion of the thyroid gland. It
increases the number of cells and secrelory activity of the thyroid gland. Over secretion of TSH
causes hyperthyroidism te., excess of lhyroxin and It under secretion causes
hypothyroidism i.e., lack of thyroxin,

Adrenocorticotropic Hormone (ACTH): It is secreted by the release of corticotrophin

releasing factor (CRF) from hypothalamus which is controlled by steroid level in the blood
and by direcl nervous stimulation of the hypothalamus as a result of stress e.g., cold, heat,

Fig. 18.4 Hypothalamus and anferior piuitary gland
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pain, fright and infections. ACTH acls on adrenal cortex and stimulates the secration af

corlicosleroids (cortisone and aldosterone),

Faollicle stimulating hermone (FSH), luteinising hermone (LH, also called interstitial
cell stimulating hormone, IC5H in the male) and prolactin or leuteotrophic hormono
{LTH), are all collectively known as gonadotropic hormones. These hormonegs acl upon

reproductive system and regulate its funchion,
Median lobe of pituitary

In humans, median labe of pltuitary is nol
very prominent. [Lis a thin layer of cells between
the  antenor  and  postenor  pilwlary. N
produces melanocyte  stimulating hormone
(M5H). Secreton of MSEH s reguilated by
hypathalamic  MSH  inhibitery  hormone,
Melancoyte stimulaling hormions increases in
humans during pregnancy 100, |1 simulates the
production and melease of mefanin by
malanocytas n skin and hair.

FPaostorior lebe of Pitultary

Pasterior piluitary is nol glandular by
itsall. It daes nol synthesize any hormone. It
is largely made up of axons of neurosecretory
cells of hypothalamus.

Antidiuretic  hormone:  Poslanor
pilwitary stares antidwrelic hormaone (ADH or
vasopressing and oxytocin. These hormones
are released in response o nerve impulses
fram hypathatamus. ADH is produced during
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Flg. 18.5 Hypothalamus and posienor piluilary gland

the stale of dehydration, decreased blood voluma and low blood prassure. Under soacretion of
ADH causes diabetes inspidus which is charactenzed by excessive production of diluted
urine and frequent thirst, Ovar secretion may leads o the kidney problems.

Oxytocin: 11 is refeased dunng child birnh and in nursing women. During birth it is
released in owaves, and resulls  in labour
contracticns, Over secretion causes rugluring of )
ule.rir.le wall while under secretion of n:r.ytn!:ln ismnm Tithits
inhitits  normal  fabour  process.  In laclating
woman, suckling causes the release of oxylocin. Under certain conditions, such s severs bioad
, , boss, excoplionafy large amounts of ADM ara
During this feeding process it causes the dilaton | oo coutiric: B risg in blogd pressure. The
aftornative name for this harmono, vasopoossin,
fellacts this parbeular efect

of milk ducls of mother's mammary glands and
fhus promotes milk ejection.
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18.2.3 Thyroid Gland

Thyroid gland is composed of two labes which are [ocaled on eithar side of the trachea
inferior (o the farynx. Thyroid gland preduces Lthree aclive harmones, tn isdathyroning (T3}, lelra

—-—--Tll'r'rr. | :,.ur::I.J-:J'L'-

.L -'r II"
o W —Thyrowd glamd—, Y v
e K
' - : "-:-l:' it
Trachea  Farathyrod T
glands
{a) )

Flg, 18,6 Thyroid and pacaihyrold gland

ﬁ&:innne Tithits

Ty (also RERown a5 Inytowin) & (he  major
harmone, about B0%, secrated by Lhe bhyroid;
Tyis anly 100, T4 1% four limis mone podent thian
T hoswevar, gcbion duration of T, s fow Umes
mora than T,

indothyroning (T4) or thyroxm, and calcitonin,
T3 and T4: These are iodine containing
harmones. Tri lodolhyronineg containsg  lhres
iodine aloms in struclure and thyroxin conlains
four, hence the names T2 and T4, TSH from
anteriar pituitary slimulates production and releasea
of these hormenes. These hormones show a
variely of physiological effects: (1) They promole
basal melabolic rate of the body. (2) Enhance
glucose catabolism and synthesis of cholasierol in
the liver. {3} Promole developmenl of nervous
syslam in foetus and infanis. {4) Thay act on
muscles for their development and funchiening. (5)
Promote growlh and maturation of skaleton. (5]
These hormanes also promole normal mollity of
the gaslroimestinal tracl,

Hyperthyroidism lerm is applied 1o excess
of these hormones, Over secretion of T3 and T4
causes Graves® disease.

BID YO HENOW?

Graves disease 5 bolioved 1 be an
aulaimmunre disease. The serum o palients
contains abnormal anlibodies thal mime TSH
and continuously stimulale lhyrown relensa. Tha
sympioms include high metabolic rate, rapid and
areqular  hearbeal,  increased | Braathing
ralaincrensed body lemperalute, sweating and
wekghl loss desplle adequate food inlake. Mastly
exaptihalmin (praliusion af the ayeballs) results
frarm Graves's disease and i 8 classic Symplom
al hypatthpodsm,

I
[
ﬁscimmﬂ Tithits

Hormanes refeased from kldnay

Renin  monitors blood  présswe and  takes  coreclive
aclion if it drops.

Erythropaiotin acis an he bane mamow 1o merepss e
prvduction of red blood calls. Stanul such as bleeding o
moving 1o high alitudes [whore oxygen 19 searced)
trignes the rafeasa of EPO.

Caleitrlel acts on the cells of the inleshine 1o pamate
the absorpton of calcam from the da

Hypothyroidism is he under secretion of thyroxn. In adulls, the full-blown hypothyroid
syndrome is called myxedema which is characlarzed by low metabolc rate, feeling chilled,
pufly eyas, thick and dry skin with hair Iost from the scalp and ayvebrows, oedema, tonguea
swelling, conslipation; and enlarged thyroid gland e, goiter. Myredema may resull due to
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deficiency of iodine in diel. Congenital under secretion rasulls in a severe hypothyroidism
in Infanls called cretinism which is characlenzed by mental relardation with poor physical
growth and disproportionale body size. Bone malturation and puberly are severely delayed
and infertility is common.

Calcitonin: Excessive Ca™" level of blood stimulate release of calcilonin whereas declining
blood Ca®" levels inhibit its secretion. Calcitonin increases the deposition of calcium in bone
matrix. Calcitonin inhibits Ca’* absarption by the intestine and decreases ils reabsorplion by
the kidney tubules allowing its excretion In urine,

Calcitonin appears more Important in chilkdheod, when the skeletlon grows quickiy and the
bones are changing dramatically in mass, size, and shape. If deficient, Ca’" are nol deposited
in bones and high blood Ca® level causes disturbance in the functioning of muscles and
nervous syslem and may !ead o kidney slones.

18.2.4 Parathyroid Glands

In human, there are four parathyroid glands. All four glands are located on the thyroid
gland. They are small, lighl coloured masses that stick out from the posterior surface of the
thyroid gland. The parathormone s the single most important hormone of parathyroid
controlling the calcium balance of the blood. Its release is Iriggered by low blood Ca™
levels and inhibiled by high blood calcium lavels. Parathormone works anlagonistically to
the calcitonin

Over secretion of parathormone is usually a result of a parathyroid gland tumour.
Calcium |s released from the bones, and bones deform soften and tend 1o fracture
spontaneously Blood calcium leve! elevales (hypercalcemia) which depresses nervous
system and causes weakness of muscles, Excess calcium salls precipitate in the kidneys
leading to stone formation.

Under secretion of parathormone causes hypocalcemia. This increases Lhe
excilability of neurons. Also il can lead 1o letany in which muscles remain in conlracled
state. If unireated, it can be fatal.

18.2.5 Pancreas

' -
Pancreas 1s composed of two lypes of tissues, m
Exocrine lissue produces and secretes digestive Science Titbits

juice. Endocrine tissues are distnbuted in the form | Pancreatic acinar cells are functional units
of paiches in the pancreas and these patches are | °f the exocrine pancreas, Thay synthesize.
fed Islets of Lan hans. Isiet (13 chan slote, and secrele naclive digestive
s e LS O i sobhots enzymes inlo the lumen of the acinus
secrete lwo hormaones insulin and glucagon.
Insulin is secreted by the Beta (B) cells which are larger in number and glucagon is
secreted by alpha (a) cells which are lesser in number. These celis respond direcily 10 the
level of biood glucose. Insulin is secreted when the level of blood sugar rises, such as nght
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after a meal. lls overall effect is to reduce blood glucose level Lo the normal level by increasing
the rale of glucose uptake by most body cells especially skelelal muscies and fat cells. It
promoles glycogenesis (conversion of glucose 1o glycogen), increases the use of glucose in
celiular respiration, promoles lhe conversion of excess glucose to fals and inhibils
gluconeogenesis (glucose synlhesis).

The under secretion of insulin
leads 10 the melabolic disease known

£ e ,_*.""?:i—\ . Bloud as diabetes mellitus which s

f )’,/_r\_,{--”«‘ s A :‘\ characlerized by high glucose level in
\ \ Sl HY A LI the blood and urine. I excess of
» O s — ‘ insulin is produced the utilzation of
/ glucosea is 100 great and its level falls

" Ductcols  Acinarcells 131615 of Langorhan in the blood which upsals nerve and

‘7'-;1‘?\‘,'\:.’ - muscles funclicning.

4 .,.;:\:2/¢,-" Glucagon s released by o
o g/ A cells when bloed glucose level is
- = 5 low Sympathelic nervous system
also stmulales is secrelion. High
blood glucose levels, insulin and
somatosialin suppress ils secretion.
its role is 10 increase lhe blood
glucose level. It acts antagonistically
Fig. 18.7: Pancreas and Islets of Langerhans to the insulin and thus reverses the

aclivilies performed by insulin.

18.2.6 Adrenal Glands

Adrenal Each of lhe two adrenal glands resls on a kidney.
2 / medulla  Each adrenal gland is composed of an inner portion called

&, Far he medulla and cuter portion the cortex.

Blood o’ / Epinephrine (adrenaline) and norepinephrine are
produced by Lhe adrenal medulla. Both are released

Kidney A during the slale of emergency under the inflluence of
Fig. 18.8 Adrenal gland sym;:fa!hetic Qervous sysltem, Both are involved In the
body's immediate response lo stress, The two hormones

exert the same effects in different ways i.e., synergistic effect. Epinephrine Is the more potent
stimulator of melabolic activities, bronchial dilation and increased blood flow 1o skeletal

muscies and the heart but norepinephrine has the greater influence on penpheral
vasaoconstriction. Tha net effect is the rise in blood pressure.

FPancsente st

Vain Pancreabe duct

Adronal conox
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Owver secrefion of these hormonas may cause hyperension and aggrassive behaviour
during rauting life. Under secrelion causes failure 1o combat with emergency silualion,

The wo major lypes of hormones produced by the adrenal cortex are
glucocarticolds, e.g.. corlisone, which halp lo regulate the blood glucose level and
mineralocorticeids, &.9., aldosterone, which help lo regulale the level of minerals in the
blood. Both are produced wunder the mfluence of ACTH. Under secreton of cortical
hormones will lead o Addison’s disease which is characlerized by general metabolic
disturbance, in particular, weakness of muscle action and loss of salls. Stress situation,
such as cold which may leads to collapse and death. Owver secretion of conical harmang
cause Cushing's disoase which is characlerized by excessive prolein breakdown resulting
muscular and bane weakness, Another harmane androgen (testosterana) is also produced
from adrenal corlex in small amount in both male and female bodies. 1s major site of
secrebion is testis, which are male gonads
18.2.7 Gonads

Gonads zre special type of endocrine glands which beside hormone secrelions aiso

produce gametes, Female gonads are ovaries while male gonads are tesles.
Owaries: The ovares secrele fTemale sex hormones éstrogen and progeslerone. Estrogen is
secreted by Graffian folllele under the stimulation of FSH but eslrogen has negative feedback
upon FSH. Estragen s secreled at the time of puberty and is responsible for secondary sex
characternslics in females. Il aids in healing and repair of utering wall after menstruation. Due
19 its deficiancy in the young lemales, they fail 1o mature sexvally. Deficiency of this hormone
in adulls leads o sianlity, s over secrefion may leads o the development of Gibrokds
(abnarmal grawthn) in ulenus and polycystic ovaries.

Progestarone is produced by corpus luteum in respoense fo LH during normal menstrual

cycle bul it is produced and released from placenta during pregnancy. 11 inhibits further FSH
secretion from piluitary, thus preventing any more follicles from ripening. || causes furihar
thickening and vascularisalion of lhe uterus wall for maintaining slate of pregnancy.
Pragesterone suppresses ovulation. Under secretion of progesterone during menstreal cycle,
decreases |he chance of pregnancy and may cause early menstruation. Under secretion
during pregnancy may leads 1o the miscarmage.
Testes: The male gonads are lesles. Tesles produce sperm and male sex hormones called
testosterone which is secreted from interslitial cells among seniniferous tubules under the
influence of 1C5H. Dunng pubery, feslosterone iniiates the maturation of the male
reproduclive organs and the appearance of sacondary sex characlenstcs and sex driva. In
addition, leslosterone (s necessary for normmal sperm preduction and maintains the
reproduclive organs in Lheir mature functional state in adull males. Under secrelion of this
hormone causes the developmen! of feminine charactenstcs and male sterbby.
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Skills: Imerpreting and Communication

« Explain on what grounds some companies claim that growth is possible in people having
short helghts,

Il growth hormone is adminislered 1o young people before growth af their long bones is complete, it

causes long bones to grow and they will grow tailer. To accamplish this however, GH would have 10

be administered over a considerable length of time

Skills: Intarpreting and Caommunication
« Explain the role of artificlally synthesized storoids in sports and their long torm effocts
on ils users.

Steroids are arlificial substances. Steroids are developed in order lo do the job of lestosierone. It
can be classified as eilher anabelic or andregenic. Anabol:ic funclions include those thal promote
formation of muscles, vertical growth and regulation of weight gain or loss. Androgenic refers lo
masculing atlnbutes such as agility, strength, and endurance. By the help of these drugs,
sporismen can become bigger, stronger, more agile, and hence more compelibive, Arhficial storoid
users carry many sovere health nisks. Major medical problems assocliatod with sterolds include o
weakened immune system, liver disease, kidney disease, high blood pressure, high cholesierol,
Increased risk for hean disease, blood clols, strokes, tissue damage and cancer,

i3
Science Titbits

The pineal gland is attached 1o the hypethalamus. Its primary hormene is melatonin. It influences daly
thythms called circadian rhythm. The thymus reaches its largest size and s most active duning
childhood. Thymus produces vanous hormones cadled thymosin, Cenain lymphocytes that onginate in
the bone marrow and then pass through the thymus are transformed Into T lymphocytes with the help of
Lhis hormone

18.2.8 Other Endocrine Tissues/Cealls

Hormones are also produced by organs or tissues whose function is nol primanty an
endocrine one. Even nerve cells produce hormones. The hormone gastrin, produced by the
stomach wall, travels in the blood stream but exerts ils effect locally, stimulating the
production of pepsinogen and hydrochloric acid. Secretin and cholecystokinin control
pancreatic and liver secretions. Both are formed In the cells of duodenal wall, The placenta
secreles progesterone, which maintains pregnancy. Prostaglandins are a group of localzed
hormane, They provide protection during infections. Endorphins are produced in the brain,
Endorphins bind 1o pain receplors and so block sensation of pain.

18.3 FEEDBACK MECHANISM

It is a type of interaction In which a controlling mechanism is ilself controlled by the
product of reactions it is controlling. After receiving the signal, a change occurs (o correct the
deviation by depressing it wilh negative feedback or enhancing it with positive feedback.
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Positive feedback

In positive feedback an end product
speeds up i1s production. These responses are
no! homeostatic and are rare in healthy
indviduals An example of positive feedback is
chidbirth. The early contractons of labour
begin lo force the baby's head against the
cervix 1o ddale {open). Stretch-receptive
neurcns In the cervix respond to this extension
by signaling the hypothalamus, which
response by lriggenng the release of Lhe
harmene oxytocin that stimulates more and
stronger  ulenne  confractions.  Stronger
confractions create further pressure on the
cervix, which in tum prompts the release of
mare hormones. The feedback cycle is finally
lermmnated by the expulsion of the baby and ils
placena.

Negative feedback

In negative feedback end products
results in the reversal of the direction of
change and lends to maintain homeostasis. In
this system an endocnne gland is sensitive
either 10 the concentration of a substance il
requlates ar to the concenlration of a product
from a process it controls, For example (f
blood glucose becomes loo high, beta (B)
cells in the islets of Langerhans respond by
releasing insulin,  Insulin  lowers blood
glucose by making cell surface membranes
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more permeable lo glucose. It activales transport proleins in the membranes, allowing
glucose 1o pass into the cells. Insulin also aclivales enzymes inside the cells. Some of
these enzymes conver! glucose to glycogen. Il the levels of bloed glucose gel 100 low,
alpha (a) cells in the islels of Langerhans secrete glucagon. This hormone fils into the
recaptor siles on the cell surface membranes, and actwates the enzymes inside the cells

that convert glycogen 10 glucese. The glucose then passes
out of the cells and into the blood, raising blood glucose
levels. In this way, negative feedback mechanism cantrols

blood glucose.

Critical Thinking
s the sensation of thirst
associated with a negalive or
posiive-feedback machanism?
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(PR Activiy
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Wowr chart showkd include thrae headings: Endocene gland, Hormone, Acion of hormone

D Exercise

By oo
1.

Sclect the correct answer

(i)  Slercid hormones are secreted by

(A) the adrenal corles (B} the gonads
{C)the thyroid (0 boin A and B
i) Examples of postenar piluitary harmones are
{A)F5H and LH (B} pralactn and parathormaone
{C} melatonin and prostaglandin (0] ADH and oxylocin
(i) The primary targets for FSH are cells in the
{A) hypathalamus iB) ovary
{C} thyroid (D) piluitary
vl Which of the following controls the activity of all others?
(A thyroid (B} pituitary
(C) adranal corex i0) gonads
v} Which of the following have antagonislic (opposing) effects?
{A) parathyroid hormaone and calcilonin iB) glucagons and thyroxine
() growth hormaone and epinephrine 10 comsone and ACTH
iwi) Which of the following hormanes has broadest range of largets?
{A) ADH (B} oxylocin
{C) TSH (D) epinephring

(wil} The pancreas increases ils outpul of insulin in response 1o
{A) an increase in body lemperalura B} changing cycle of dark and light

{C} a decrease in blood glucose 10} and increase in blood glucose
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A EXETITES

L@ N @t B oWk

Why hormones are called chemical messengers?

Where are recaplors localed in proteincus hormones and slaroid hormaones?
Whal are neurosecretory cells?

Mama the hormones of anlenior piluitary gland.

Why the anlenior lobe of piluitary gland is called master gland?
Descnbe the median lobe of pituitary gland.

How the secreticn of ADH is controlled?

Wrile the differences betwean:

{a) exocring and endocnne glands

i) stercid hormones and proleinous hormones

ich first massenger and second messanger

id) receptor of proloinous hommones and steroid hormones
(e} hypathyraidism and hyperhyraidism

iM  calzitonin and parathormong

(g) bela and alpha cells of Islels of Langarhans

th) insulin and glucagon

(i} diabetes inspidus and diabeles mallilus

) estrogen and progesigrong

(k) positive and negalive feedback

B [Eansvo uostons —

10.
11.
12.
13
14.

Dascribe the chemical nature of hormone,

Describe the mode of hormone action.

Descnbe the hormaones socreted by the anlenor lobe of piluitary gland.
Describe the hormanes secreted by the posterior lobe of piluitary gland.

Describe the hormanes secreted by issues and celis,
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NERVOUS COORDINATION

-: After completing this lesson,
= you will be able to

Recognize receptors as lransducers seasibve 10 vanous stimub

Trace \he path of a message transmitied to the CNS for processing

Idantify the (hree neurans (sensory. intermediale. motor) involved In nervous ransmission

Idenify muscies and glands as the effectors.

Predict from every day experience what vasous knds of receptor can be found i human body.
Describe the detaled structure of a sensory neuron, associalive and a motor neuron and relate the
spocializaton in structures with functions,

Diferentiate between myeinaled and nonemyelinaled neurons.

Explan the function of tha Ihree types of newrons with the help of & reflex arc.

Draw and labe! the struclure af three kinds of neuron.

Cefine nerve impulse.

Describe the generalion and fransmssion of nerve impulse.

Name |he factors respansible for the resting membrane potential of newon,

Eva'uale from a graph the phenomena of polanzalon, depolanzation and hyperpolansation of membrane
Compare the velocities of nerve impulse in the axcn membeane and in the synaptic cleft.

Describe the structure of synapsa.

Explin synaplic bansmission of nerve impulse

Classily naurolransmitters as inhibviory and excitalory and fist some common cxamples,

Basic Organization of Human Nervous System,

kfentity the mmn compaaants of the nemvous system.

Explain briefly the functions of major ¢vis:ons of brain,

Describo the architecture of human brain and compate its sectional viow with that of the spinal cord
Doscribo cranial and spinal nerves in man,

Explain tho sttucturo, lypos and funclions of aulonomic norvous system.

Explain the structure and functioning of the recoplors for small, taste and touch / pain

Draw a labeled diagram of tha human brain

Identity difforent components In the diagram of CNS and PNS.

Effect of Drugs on Nervous Coardination.

Define narcotic drugs as agents that interact with the normal nervous aclivity,

Compare the use and atese of drugs with respect to heroine, Cannalys, nicolne, alcohol and Inhalants
like nail polish remover and glue.
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o Delne and explan the terms, drug addiction and drug 1olecance with reference to calleine and ncoting,

« Associate the effects of drug addicton and toferance with the funclioning of nervous system.

« Descnbe withdrawal symploms of alcobol,

* Disorders of Nervous Systom and Diagnostc Teslis

« Classify nervous disorders into vascular, infectious, struciural. functional ard dagenerative disorders,

o Describo the causes. symploms and reatment one type of each category of disorders oulingd above,
(e.g., stroke as vascular, meningitis as mfectious, brain tumar as structural, headache as functional, and
Alzheimer disease as degenerative disorder).

« Explain the prnciples of the important diagnoste tests for narvous disorders 1e. EEG, CT scan and MRI,

* Conceptualize the activity of brain as an electncal activiy, which can be recorded using magnels and
tomography.

+ Compare the MRI scan of the bean of a slaaping human with that of & fully awake indivdual.

o Justify the way norvous system helps 1o coordinate complox and infricale movemaents of hand to play &
piano, of wrile alphabets.

* Ascertain the effect of nerve gas as an inhibilor of acetylcholnesterase,

o Justify thal the developmaen! of 3 modem computer is o fact a product of the understanding of the way
nanous conrdinalon oocurs i complex organisms ke humans

+ Describe how hss knowledge has belped humans to treat diseases Lko eplepsy, paralysis.

The body of an animal is frequently exposed to varietly of stimuli in its daily life. For an
appropriale response o a particular stimulus, usvally more than ona body parts are involved,
their acliviies are coordinaled either by nervous syslem or endocrine system or both. These
two types of coordination systems you aiso have studied in grade X 1o some extenl, but in this
chapter we are mainly focusing on the human nervous system.

The system of the body thal provides coordinalion through elecinc signals among
different body parts for the response to a particular slimulus is called nervous system. Human
nerveus syslem s the mosl evolved among all the animals, The sludy of the structure of
nervous syslem is called neurology.

Nervous coordination mainly comprises highly specialized cells, called the neurons.
The function of a neuron is to delect and receive stimull from different sensory organs
(receplors) and then, integrale them 1o determine the mode of response of the living organism,
and then commands for an appropriate response are ransmitted 1o the other organ (effeclors).
Nervous coordination in higher animals therefore consisis of three basic steps i.e.. reception of
stimulus, processing/analysis of information and response to stimulus.

Receptor act as transducer because it converts one form of energy into another form
2.g., rod and cone cell in the retina of eye convert the lght energy into nerve impulse (electro
chemical energy).
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17.1 NEURONS

Neurons are tha basic structural and funclional unit af the nervous syslam.

el et 17.1.1 Structure of Neuron
G S s paraes Although neurons vary considerably in size and shape,
Gl Sy they all have three basic components: a cell body, dendrites
e and an axon.
\, Cell body

i EcFmenony ol .
The cell body 15 called neuron cell body. 1 contains a
e mass of granular cytoplasm and cell membrane. The single
i M bk, itasath large nucleuws is cantratly placed wilth a prominent nuclealus.
4 LR Golg apparalus, milcchandra and other organelles are
! PR prazent. The cyloplasm is charactlerized by the presence of
Byt ki Nissl's granules. Thase are group of ribosomes and rough

Fig. 17.1 Structure of neuron ER associated with protein synlthesis.

Dandriles

Dendriles are shor and thin, ofien highly branched cylopiasmic exiensions thal are
gradually taperad from their bases to their lips. Axons of olher neurans form synapses wilh the
dendnles. The funclion of the dendnte is to receive stimull and conduct impulses (o the call
oy
Axon

An axon iz comparatively a long and thick nerve Tibre which has a constanl diameter
and can vary in si2e from a few mm 1o maore than a matre lenglh. |t may be branched or un-
branched. Axons lerminale by branching 1o form small extensions with enlarged ends called
presynaptlic terminals. Funclionally, axons conduct action potentials from the neuran call
body to the presynaplic lerminals, i.e., conduct signal (informalion) away from the cell body.
Myealin sheath and Schwann cells
Beside neuron, nervous syslem also consisis of neuroglia or glial cells, which support,
protect and nourish the nourons, Schwann cells are neuroglial cells in periphoral nervous
syslem. Usually axons are covered by Schwann cells which are sirip like cells wrap around
axon fibres. Schwann celis are also covered by a latly subsiance called myelin sheath that
acls as an insulalgr. This is why axons are called myelinated fibres, A non-myelinaled part of
axon between two Schwann cells is called node of Ranvier.

Science Tithis

Unipalar nouron has o single procass an axon hat exlands from tha cell body and divides into bwo. In bipolar
mirurong, thix call body & locabed belwean i bwo processes) an axon and o dendnte .., relog of the eyge,
Multipolar nourons have thioa or more processes Lo, the soverl dendnles and one axon. Yelocity ol impulsa
an axon fibre depends upon iha diamelsr, lesgih and mpaba shepith, The lprger and thicker the agon, the faslar
i fransmifs infommatian. The myalnaled acons transmit information much fagtar han alhad Rourans,




N\

Types of neurons o Arn bty
> A o =
However, all neurons vary somewhal Oeviees, Fo @y e Sody 2

in  size, shape, and characterislics ] Reces
depending on the function and role of the ©*1o% < =

"1 Internmuron
neuron, Based upon function there are three Aacn - " - Nowe of Ratwiet
types of neurons. W Sensory rewron
Sensory neurons conducl impuises Yy . Caltbosy
towards the central nervous system from the e preahabesgghe
sensory receptors. The cell body is at lhe = e o Ratvar
end of a short stalk on one side of the main p, . Wotorneuron

E.I.
conducling fibre just outside the CNS. The =

branches al one end are connecled 1o the
receplor.

Motor neurons conduct impulses away lrom the central nervous system, The dendrites make
contact wilh other neurons in the spinal cord. The terminal branches al the far end of the
neuron are connecled 1o an effeclor.

Skelstal musde

Fig. 17.2: Types of neuron

Interneurons occur entirely within the CNS. They convey messages between various paris of
the CNS. The axon is comparatively thin and non-myelinated.

17.1.2 Reflex Arc

Oorsx

Reflex action is an immediale, Paswonen  Aosy  fewRt
aulomatic and involunlary response Lo iy AT [ et
external and inlemal environmenal N camee LN
changes. The path of the nerve impulse . AL P ",‘ .
during reflex action is called reflex arc. A; / e o | !
Example f \ /i f.,,._.,,,,-;" W {5

A lypical refllex arc includes five 2N, YA e S Logareson | Bend cond
lundamenl‘gl’ pars: receplors, sensory T \% \ :::"; e
neurons, inlerneuron, motor neurcn and 3 ‘ /
effectors, For example i one L7 \
unexpecledly touches a hot object, lhe NS “’-
hand is rapidly removed [rom the source N Hadiamm et e
of heat. Receptors in the skin of the hand o e
are aclivated by the heat of the object. Fig. 17.3: A reliox arc

The receplors stmulale a sensory

neuron leading to the spinal card via a spinal nerve. The cell body of the sensory neuron s
oulside the cord, The sensory neuron enters a dorsal nerve root of the spinal cord, The
impulse then crosses a synapse 10 an interneuron which lies compietely within the cord. The
impulse travels along the interneuron and then passes across a synapse to the dendntes and
the cell body of a motor neuron which lies within the spinal cord. The molor neuron eventually
branches lo form synapses with several muscle cells 1.e, an effector. The nerve impuises then
move along the motor neuron (o the muscies, which cause them 1o contracl,

N 17 Nervous Coordination _
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17.2 NERVE IMPULSE

Nerve impulse is information or signal aboul a stmulus that is transmitted from
receptors to the CNS and from CNS to the effectors, In technical terms a nerve impulse can be
defined as a wave of electrochemical changes that travel along the length of neuran, from one
end lo the other,

17.2.1 Generation and Transmission of Nerve Impulse

Here, word “electrochemical” refers to the electrical potential (a capacity to do electrical
work) that exists on neuron membrane. In case of neuron the elecincal potential is termed as
membrane potential which is exhibited in two different forms 1.e., Resting Membrane Polenhal
(RMP) and Active Membrane Potential (AMP).

Resting membrane potential

It Is characlenzed by more positive ouler surface of neuron membrane than inner
surface. This slate is also referred as polarized state and the neuron is supposed lo be at
rest, This means thal there s an unequal distribution of ions on the two sides of the nerve cell
membrane. This potential generally measures about 70 mV (with the inside of the membrane
negative wath respect 1o the outside). So, the resting membrane potenbial is expressed as -70 mV,
and the minus means that the inside 5 negative relalive o (or compared (o) the outside. It is called
a resting membrane potential because it occurs when a membrane is not being stimulated or
conducling impulses. Resling membirane polential is established by the following faclers:
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Fig. 17.4: tonic movement across neuran membirane

Distribution and active movement of Na“ and K" ions

The concentration of potassium (K) is 30 times greater i the fluid inside Lthe cell than
oulside and the concentration of scdium lons (Na’) is neacly 10 times greater in the fluid
outside the cell than inside. These lons are continuously moved against their concentration
gradient through sodium-polassium pumps by the expenditure of energy. For every two K' that
are aclively transported inward, three Na' are pumped out. So inside bacomes more negative
than outside of the neuron membrane.
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Negative arganic lons

There are many types of organic compounds in the neuron cyloplasm thal also have
negalive charges. These ions include some amino acids, many prolains and RNA. Presence of
these ions in the neuron cyloplasm makes inside of neuron more negative than outside,
Leakage of K" ions

Cell membrane of neuron also has many channel proteins called gates. K’ ions leak
continuously through leaky K' gates. This atso makes more positive oulside of neuron than
inside. ALt Bebaniial propacaian

Qverall there are more posilive ! —=
charges on the outside than on the . = . — ~-
mnside. This s known as resting g N PHgaTve 23 pos Sy

a'pes T vy om =

membrane potential This petential will ARG T

be maintained untl the membrane is TN PAVIE A [OULNS

disturbed or stimulated by a sufficiently T

strong stimulus (threshold), then action A0

polential will be produced. R

Active membrane potential \ -, - - - - - - -
Aclive membrane potental (also g e it AR R, B

called action polential) Is characlenzed

by more positive inside of neuron than LR Mt

oulside  (depolarized  state).  This |

happens when positive charges tend lo \Je - T _ - - - -

move insice of neuron an receiving a € 8,8 18" n 00 008

particular stimulus. This electrochemical

change appears on a short region of o o s 0-u oiealie oe e

neuron for a brief pencd of time followed S ST S PPy o

by the recovary of polarized stata. In this { M

way a wave of acltion potential begins to g N

move towards other end of neuron. 05 ol et néicen
Action polenlial is established by the cerodoorn wore Bbterbal
following faclors. T

Threshold stimulus

It a stimulus is capable lo produce action potential in neuron, it is called threshold
stimulus, If stimulus is no!l capable 1o excile or fails to anse any response, it is called sub
threshold stimulus.

Influx of Na' ions

When a neuron libre is stimulated by threshold stimulus, I causes lhe opening of
voltage regulated Na' gates. As a result Na gates permil the influx of Na” ions by diffusion.
Since there are more Na' ions entering than leaving, the electrical potential of the membrane
changes from -70 mV towards zero and then reaches to the 50 mV. This reversal of polanty
across two sides of membrane is called depolarization. This electropositive inside and
electronegative oulside lasts for about one millisecond till the Na“ gates are nol closed.

Fig. 17.5: Conduclion of narve impulse
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Repolarization of neuron fibre
A Iraction of second alter the sodium gales open, depolanzation of the axon membrane
causes potassium gales (o open, Potassium therefore diffuses out of the cell. Since the
polassium is positively charged, this makes the inside of the cell more negative and starts the
process of repolarization.
Hyper-polarization (More K' ions are on the outside than Na’ ions on the inside)
Al the peak of the action polential, the sodium gates slarl to close again. Sodium
permeabilily therefore dechines. The sodium-potassium pump continues 1o wark dunng this
tme, so it gradually begins 1o restore
Actan Retractary the original resting potential. This
poleminl pout .
A repalarizalion is shown by the falling
| phase of the action potental spike
Depalatration . e Repolan zason and resulls in the membrane Wleﬂ“a'
returning 10 its anginal fevel, In fact,
there is a slight avershool into a more

‘,v!) =

1

AMambrang poder b imy)

o &y Thosheld potentin S negative potential than the original
> — e Memmgpatontial - resling  potential.  This is  called
L i . 7 " hyperpolarization. It is due to the
e : R’:'":m;“"]' s "':"'""I'"""‘""" " slight delay in closing all the

' 015t B 8 N TREC potassium gates compared with the

sodium gales. As polassium ions
continue 1o enter the axan their

Fig. 17.6: Action polential in a neuron posilive charge restores the normal
resting pelential.

Time tmdhseconds)

Refractory period

After an action polential, nerve fibre undergoes a period of recovery in which il reqains
ils onginal ionic distnbution and polanty and prepares itsell for the next stimulation. This period
of recovery of nerve libre Is called refractory period. Although a repolarised neuron fibre has
same polarity as that of a polarized neuron fibre bul has different ionic distribution. It has more
K’ outside and more Na- inside. So the repolarised nerve fibre undergoes a refractory penod of
few milliseconds during which the onginal ioni¢ distribution is reslared by sodium-potassium
pump which aclively transports Na® ions oul and K' ions in. This returns the membrane o its
resling potential i.e., -70mV. Relraclory period lasis for about £ milliseconds so a neuron can
conducl 250 impulses per second.

17.2.2 Velocities of Nerve Impulse

Velocities of nerve impulse in the axon membrane and in the synaptic cleft are vanable.
In human non myelinated fibres, nerve impulses travel at 1 to 3 metres per second. Myelinated
fibres conduct al speeds of up to 120 meters per second. The velocily of nerve impulse is
faster in myelinated neuron fibre due to sallatory conduction. Saltalory conduction is the rapid
iransmission of a nerve impulse alang an axon, resulting from the action potential jumping from



< 17 Nervous Coordination

one node of Ranvier 1o another, skipping the myelinaled reqions of membrane, It is up o 50
imes faster than conductien through the fastest unmyelinated axons because they don't have
lo travel throughout every single space before mowing to the nexl. Anolher reason tha!
myelinated fibres conduct faster impulse is that myelin sheath acls as an insulaling sheath and
prevenls loss of energy, so myelinated neuron fibres require less energy.

Velocity of nerve impulse also depends upon diameter of neuran fibres. Thick neuron
fibres conduct faster impulse than thin fibres because resistance to electrical current flow s
nversely proportional to the cross sectional area of the conduclor, so with the increase in
thickness of neuron fibres there s decrease in resistance of fibre to nerve impulse. The shon
journey across the synapse takes about a millisecond, longer than a nerve impulse takes o
iravel the same distance. This ime is lhereflore called synaptic delay.

17.3 SYNAPSE

The junction between axon terminal of
ane neuron and the dendnle of another neuron,
where information from one neuron IS
transmitted or relayed (handed over) to another
neuron is called synapse.

17.3.1 Structure of Synapse

The neurons are not in direct contact al
a synapse. There is a gap, called a synapltic
cleft between them. A single neuron may form
synapses with many inceming fibres of different
neurons. A neuron which carries an impulse
loward a synapse s called presynaplic
neuron. A neuran which receives the impulse
after it crosses the synapse is a post synaplic
neuron,

17.32 Mechanism of
Transmission

Synaptic

The movement of Impulse across lhe
synapse is called a synaplic transmission. Il
lakes place in the formation of a message
which is lransmilled across the synapse in lhe
form of chemical messenger called
neurotransmitter. The axons usually have
several rounded synaptic knobs at their distal
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ends, which dendrites lack. These knobs contain E_—J

numerous membranous sacs, called synaplic ¥ science Titbits

vesicles and when a nerve impulse reaches a knob, ::‘e';:::‘::;:‘;“:ﬁ::::ﬁ:m:zf’:o
some of lhe vesicles respond by releasing a8 | secarated by the synaptic ¢t of onty 02
neurotransmitter. Fig: 17.8 shows the following | nm, so that an action potential amving at the
numbered sequence: (1) An aclion polenlial (red | Pre - synaplic sde of clefi, can sufficiently
arrow) arrives al the synapltic knob. Calclum ::;'::;": ;ﬁu:‘?:;’::":;::“::‘mbm =
channels open in the presynaptic membrane. As the

calcium ion concantration inside the bulb is lower than the outside, calcium ions rush in. As the
calcium concenlration increases, synaplic vesicles move lowards the membrane. (2) The
neuratransmitter vesicles fuse with the plasma membrang of the transmitting cell. (3) The
fused vesicles release their neurolransmitter molecules (green) inlo the synaptic cleft. (4) The
released neurolransmitter molecules diffuse across the clall and bind to receplor molecules on
the postsynaptic cell surface membrane. (5) Binding of neurotransmilters to the post synaplic
neuran receptors opens some channels and allows Na- ions o diffuse across the post synaptic
membrane, As a resull pos! synaplic membrane depolarizes and an aclion potential s
generated, Since this depolanzation brings the membrane polential towards threshold level, it
is called excitatory postsynaptic potential (EPSP). (6) Once the neurolransmitlers have
acted on the posisynaplic membrane, they are immedialely broken down by enzymes, like
acetylicholine 1s hydrolyzed by acetylcholinesterase and adrenalin by monoamine oxidase.

17.4.3 Classification of Neurotransmitters

Neurotransmilters are classified as excilatery and inhibitory.
{a) Excitatory Neurotransmitters

Neurotransmillers thal cause Increased membrane permeability o sodium ions and,
thus, lrigger nerve impulses are said to be excitatory. Acetylcholine 15 an excilatory
neurolransmitter of penpheral nervous system whereas biogenic amines (amino acid
denvatives) are important nourotransmillers in central nervous system. They include
epinephrine, norepinephrine, serolonin and dopamine, all of which also function as hormones.
Epinephrine and norepinephrine increase the heartbeal rale dunng stress. Serotonin and
dopamine affect sleep, mood, altention and leaming.

{b) Inhibitory Neurotransmitters

Olher neurotransmitters cause decreased membrane permeabilily o sodium lons, Lhus
causing the threshold of stimulus to be raised. This action is called inhibitory, because it
lessens the chance thal nerve impulise will be transferred to an adjoining neuron e.9., amino
acids gamma-aminobutyric acid (GABA) and glycine. The endorphins are peplides that
function as bath neurolransmitters and hormones, decreasing our perception of pain.
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Scionce, Technology and Sccioty Connections

Ascertain the elfect of nerve gas as an inhibitor of acetyicholinesterase.

Acelylcholine and the enzyme, acelyl cholinesterase, enable muscles to contract and relax. Normally,
acelylchaling, a neurclransmiller, when refeased inlo e synapse of a muscle elicits the centracbon of a
muscle and is subsequenily broken down by the enzyme, acetyicholineslerase, and relaxation of the
musclo can occur. Hawever, sarin, a nerve gas, wravarsibly binds to acetyfcholinesterase blocking #f from
breaking down the acetyicholing, thereby causing muscles to remain contracled. There exists a structural
simifanty between the aclive siles of the acelylcholine and the sarin molecule that enables the sann
molecule to fit into Ihe acetyicholinesierase molecule. If the muscle is the daphragm, it would remain
conlracled and the person would not be able to breathe. Nerve gases are extramely toxic; a small droplet
can kil a person. Thay exsst in both liquid and gaseous forms.

17.4 BASIC ORGANIZATION OF HUMAN NERVQUS SYSTEM

The human nervous syslem consists of central nervous system (CNS) and peripheral
nervous system (PNS) The CNS is a coordinating centre and il lies in the midline of the body,
whereas, the PNS transmils information from receptors to CNS and transmils orders and
commands from CNS to effectors. An outline of dwisions of human nervous system Is given in

figure 17.10.

Nervous System
| |
Central Nervous System (CNS} Petiphoral Nervous System [PNS)
| |
| | 1 1 1
Brain Spieal cord Motor Neuroas Senscry Neuroas
Recovesand jrocesses Cordutts sgnas % CNS 1o muscies Sentory organs
sensory afommaton and Yrom the tran ang glards to CRS
vitaies o0 controls tefier actvites
FONs mamanies
genonales thoughty l
ang omctons 1 1
Somatic Neevous Systeen Awtonomic Nervous System
Contols voluntsry Controls rnvclaviay
macements responses
1
| L
Syrpatbetic Division Parasympathetic Dhvision
Furd o Fight” Rest o Digest

Fig. 17.8: Organization of human norvous system
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17.4.1 Architecture of Brain and Spinal Cord and their Functions
Central nervous system

Central nervous system consisls of brain and spinal cord, and both are hollow. The
brain and spinal cord are covered with three protective membranes called meninges (sinqular:
memnx). Brain Is enclosed within the cranium while spinal cord is enclosed within vertebral
column, The three meninges are dura matter (next o the cranium), arachnoid matter (middle
membrane) pia matter (nex! to the nervous tissue). :
Between the arachnoid and pia matter there is a ﬁ
fluid, the cerebrospinal fluid (CSF), which helps 1o ! Sclence Tithits
cushion the brain from shock. The surface of the cetebrum 8 callod

) cerebral cortex. Ceratwal coflex has many
The brain folds ot convulsions forming ridges or gyn
The brain is divided into three part, forebrain, | (Singular. gyrus) which are separaled by

midbrain and hindbrain. grooves. A shallow groave s callod 3 sulous
(pluzat, sulci) and a deep groove s called a

Forebrain consislts of cerebrum, thalamus | fissure The two hamispheres are separated

and limbic system. by loagitudinal fissure
Cerebrum is the largest pant of ehibatr e

the human brain. Cerebrum is divided hypothalamus \

into lwo cerebral hemispheres which \

are interconnected with each other by a

band of axons, called corpus

callosum. Each hemisphere conlains

four surface lobes: frontal, paretal,

temporal and occipital lobe. Each lobe frontal lobe —
further contains  different  functional o
areas e.g., auditory (hearing) visual alfactary /2
area elc. Each functional area consists bulb
of three sub-areas ie., sensory area,

association area and molor area.

Sensory area receives impulses from

different body paris. Association area inlerprels or analyzes Lhe incoming information. The
motor area conlrols responses of the body. Cerebrum also functions in the analysis and
interpretation of memaory, reasoning, judgement, thoughts and dreams.

—

TS

b, y ' N
amvgd.\l.\' "hippocampus

Fig. 17,9: Limbic system

Thalamus 15 below the cerebrum. It recewves all sensory impulses (except sense of
smell) and channels them (o limbic system and lo appropriate regions of the cortex for
interpretation. The limbic system is a complex set of struclures thal lies on both sides of the
thalamus, |ust under the cerebrum. It includes lhe hypothalamus. the amygdala, the
hippocampus, and several other nearby areas. On lhe ventral side of the thalamus s the
hypothalamus. It maintains homeoslasis and contains centres for regulating hunger, sleep,
thirst, body lemperature, waler balance and blood pressure, menstrual cycle and sleep wake
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cycie. The hypothalamus also conlrols the pituitary gland and thereby serves as link between
the nervous and endocrine system.

The amygdalae are two almond-shaped masses of neurons on either side of the
thalamus. They control leeling and emotions of love, hate. anger, fear, rage and sexual
arousal.

The hippocampus consists of two “horns™ that curve back from the amygdala It
appears 10 be very impornant in canverting things thal ate “in your mind™ at the moment (in
short-1erm memaory) into things that you will remember for the long run (long-term memory),

Midbrain is reduced in humans. It acls as a relay station for tracts passing between the
cerebrum and the spinal cord or cerebellum. Midbrain contains reticular formation, which is a
relay centre connecting hindbrain with forebrain,

Hindbrain consisls of cerebellum, medulla oblongala and pons. Cerebellum conlrols
equilibrium |.e., body pasition and coordination of the actions of individual muscles to produce
complex aclivities such as walking, running, nding bicycles, doing delicate work with hand, The
cerebellum is also involved in leaming memory storage for behaviour. Pons acts as a bridge
between (he cerebellum, medulia and cerebrum, 1l also conlrals rale and pattern of heartbeal
and breathing. Medulla controls the automatic functions of the body, such as heartbeat, blood
pressure, respiration, swallowing elc.

Brain is hollow structure as il has cavities called ventricles. There are four ventricles in
the brain.
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Spinal cord

Zoalrn
e

The spinal cord is the maost imporiant
structure belween the body and the bram,

Dorsad havm _

e Dl o ol

The spinal cord extends from the medulla 1o SRR Rof
the level of the lumbar vertebrae, Il is a vital HE',,: e

link between the brain and the body. A

wransverse section of the adult spinal cord / .
shows white matter in the penphery, grey \MM
matter inside, and a tiny central canal filed =~ " :l e e
with C5F at its centre, Grey matter is
shaped like the letter "H™ or a “butterly”. The
grey maltler consisls of neuron cell bodies
and nonmyelinated parts of the fibres, The while matter is made up of bundies of myelinated
fibres. Several pairs of spinal narvas originale from vantral and dorsal horn of gray matier.
Daorsal rool of spinal narves, also conlain ganglia presentl jus! beside the spinal cord.
Arrangemant of grey and while malter in brain is opposile 1o that of spinal cord.

Fig. 17.91; Spinal cord analomy
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Fig. 17.12: Cross section view of brain mnd spinal cord
17.4.2 Cranial and Spinal Nerves in Man

The peripheral nervous system consists of the nerves thal branch oul from 1he ceniral
nervous systerm and connect it 1o ather bady parts. The peripheral nervous syslem includes
cranial nerves which anse from the brain and the spinal nerves, which arise from the spinal
cord.

There are twelve pairs of cranial nerves. Some of (hese are Sensory Nerves, some are
molor nerves and others are mixed nerves. Cranlal nerves are largely concermed wilth the
head, neck and facal regions of the body. Thirly-one pairs of spinal nerves onginale from the
spinal cord. They are all mixed nerves and Lthey prowde two-way communication batwean the
spinal cord and parts of the arms, legs, neck and trunk. Each spinal nerve emarges from the
spinal cord by bwo shorl branches or roots, which Le within the verigbral column, The dorsal
rool contains the ibres of sensary neuron, which conducl impulzes to the spinal card. Tha
ventral root contains the hbres af molor nedrons, which conduet impulses away fram Lhe cord.
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The two rools join just before a spinal nerve leaves the vertebral column. Each spinal nerve
serves the particular region of the bady in which il is localed.

17.4.3 Somatic and Autonomic Nervous System

The peripheral nervous system can also be subdivided inlo the somalic and

aulonomic nervous systems,

Somaltic nervous system

Generally, the somatic nervous system consists of the cranial and spinal nerve fibres
that connect the CNS lo the skin and skelelal muscles; It is involved in conscious activities.

Autonomic nervous system

The autonomic nervous system inciudes Lhose fibres that connect the CNS to the
visceral argans, such as the heart, stomach, intestines and various glands. Il is concerned with
unconscious aclivities. The aulonomic system Is divided into sympathetic and parasympathelic
system. Both of these systems function aulomatically and usually subconsciously in an

involuntary manner.
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Sympathetic division

The sympathetic division controls various autonomic funclions during the state of
emergency. It prepares the body for fight or flight response. Il consists of only spinal nerves.
These nerves anse from firsl thoracic segment lo second lumber segment of the spinal cord.

Parasympathetic division

A lew cranial nerves, including the vagus nerve, together wilh nerves that arise from
the sacral portion of the spinal cord, form the parasympathetic division. It controls various
aulenomic functions during the slale of resl. In shon, the parasympathetic system returns the
body funclions 1o normal after they have been allered by sympathetic stimulation. In times of
danger, the sympathelic system prepares the body for violent aclivily. The parasympathelic
syslem reverses these changes when the danger is over.

17.5.4 Sensory Receptors and their Working

The body must detect whal is occurnng inside and outside the body and is performed by
sensory receplors. Here we will discuss receplors for smell, tasles, touch and pain,

Nerve hbers

Olfactory receptors 1o brain

The smell or olfaclory receptors are chemoreceplors,
stimulated by chemicals dissolved In hiquids. The olfactory
organs, which contain the olfaclory receptors, are present in Y
the upper part of the nasal cavity, The offaclory receptor | i M 53 ‘°.'
cells are neurons. These cells are surrounded by columnar ¥
apithelal cells having cilia al the dislal ends. Chemicals that

Roeceptor
cells

\

stimulate the olfactory receplors enter the nasal cavily as Cilia : Alr born odor
ga§es. They must dlsso.h./o al least partially in the watery Fig. 17.13: Olfactory receptars in
fluids that surround the cilia before they can be delected. nasa! epithelium

Taste receplors

Tasle buds occur primanly on the surface of the c
longue and are associaled with tiny elevalions called ood .
Chemcals " S5 e
papillae. Each taste bud includes a group of modified =, AR
epithelal cells, the taste cells, which funclion as receplors. Taste bud

te Pl w

The taste bud has an opening, the taste pore on its pores ' \\

surface. Tiny projections, called taste hairs, protrude from ~l." 4

culer ends of lasle celis and just protrude through the tasle 2y ,\k Tt
pore. There are four primary laste sensations |.e., sweel, _,_i X ‘::_Z
sour, saily and bitter, which are siluated al vanous regions " tobran

on the tongue. All the four regions averlap at centain places.
Fig, 17.14: Taste buds on tengue
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Sensory receptars In human skin

The dermis of the skin contains
receptors for touch, pressure, lemperalure
and pain. Meissner's corpuscles and
Merkel disks are touch receptors. These
consisl of small, oval masses of flatlened
conneclive lissue cells, Two or more
sensory nerve fibres branch into each
corpuscle. Maissner's  corpuscles  are
especially numerous in the Iips. fingerlips.
palm, and scles. Paccinian's corpuscles
are also encapsulated nerve endings Flg. 17.15: Receplors in human skin
present in the fally layer deep into the skin
They are concerned with sensation of pressure. Receptors for louch and pressure are also
called mechanoreceptors. Skin also has cold and heal receptors 10 detect the lemperature
vanations.

Pain receplors are technically calied nociceptors. Pain receptors are localed al the top
of the skin in the epidermis area 1o detect pan. These receplors are free nerve endings that
respond to chemicals released by damaged lissues or excess simuli of heal or pressure.
These receptors are widely distributed throughout the skin and inter lissues, excep! in the
ussue of the brain,

17.5 EFFECTS OF DRUGS ON NERVOUS COORDINATION

A narcolic is a group of substances whan administered diminish the perceplion of pain.
Narcolics bind o centain painkilling sites in the brain, With constant use, they build up in the
brain and block the production of endorphins, the brain's natural painkilling chemicals. Their
side effeclts are inhitition of the endocrine and aulenomous nervous system elc, The narcotics
are the drugs that acl as agents which interact with the normal nerveus activity.

17.5.1 Narcotic Drugs

Comman narcolic drugs are heroine, Cannabis, nicotine, alcohol.
Heroin

Heroin gives a feeling of euphoria aleng with relief of pain. Side effecls can include
nausea, vomiling, respiratory and circulatory depression leading lo death,
Cannabis

It is the dried llowering tops, leaves and stem of Indian hemp plant Cannabis saliva. It
includes manjuana and hashish. Usually the users report a mild euphonia, along with
alterations in wision and judgement. Intoxication s recognised by the presence of
hallucinations, anxiety and depression elc.
Nicotine

It is an alkaloid derived [rom lobacco. When smoking a cigaretie, nicoline Is quickly
distributled to all body organs, In penipheral nervous system, nicoline stimulates postsynaptic
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recaplors (ke acetylcholing) and leads o increased skelelal muscular aclivity. (I aiso
increases heartbeat rate and blood pressure,
Alcohol

Alcohal act as depressant and slows down the nervous communicalion. s shor lerm
effects are impairment of vision, judgment and aleriness, Long term chranic drinking can
damage nervous system, liver, pancreas and development,
Withdrawal symploms of alcohol

Indwiduals who eliminate addiclive substances from their lwes oflen feel wathdrawal
symploms. Alcohol withdrawal refers to a group of symptoms that may occur fram suddenly
stopping the use of alcahol The symptoms are fesling of anxiely. imtability, depression,
headache, and hallucinalions elc.
Inhalants

These are volatile organic chemicals, commanly refarred 1o as "glue sniffing”, Inhalant
dbuse naw includes aesraosols e.q., hair spray and anaesthetics .9, ether etc, Inhalants rapidly
start cuphona followed by central nervous system depression. Deep breathing of the toxic
vapours may resull in hallucnabions or evan dealh,

Critical Thinking
Wehal mepsues can bé
Drug addiction: Drug addiction is a dependence on an illegal drug | taken o eradicate  drug

of a medication. You may want to quit, but mast people find they | addcbon from he sociely?
can't do it on their own.

17.5.2 Drug Addiction and Drug Tolerance

Drug tolerance: Drug 1olerance is a persan’s diminished response o a drug, which occurs
when the drug is used repealedly and the body adagis to the continued presence of the drug.
For instance, when nicetine or calleine is used lor a long time, larger and larger doses must
b laken {o produce the same effect

Effects of drug addiction and folerance on the central nervous system

Drugs are chemicals thal interfere with the way neurons normally send, recave, and
process information. Some drugs can aclivale neurons because thelrr chemical siruciure
mimics thatl of a nalural neurotransmitter. Drugs inleract with the brain and body 1o alter
moods, emalions, and behaviors by changing brain chemistry, Regions of ihe brain allecled by
drug abuse are the brain slem, limbic system, and cercbral cornax.

All depressanls work by slowing down the funclioning of the cenlral nervous system,
while stimulanis can produce a number of effecls on the body such as increased hean rale,
improved concantration, increased respiralary rate olc.

17.6 DISORDERS OF NERVOUS SYSTEM AND
DIAGNOSTIC TESTS

The disarders of the nervous syslem may be classified as wvascular, infeclious,
structural, functional and degenerative. While classifying the site of invelvement is also
considerad. We will discuss here causes, symploms and treatment of few diseases of tha
major calagqanas,
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17.6.1 Vascular Disorders of the CNS

Any disorder of nervous system which occurs due o abnormably in blood circulation is
called vascular disorder of the nervaus syslem e.q., strokes, brain haemorrhage.
Stroke

It oceurs due o rupture of small cercbral arteres. Cause: The couse and nisk faclors Tor
stroka include hypernansion, cigarelle smoking, diabales mellitus, high alcohol intake,
thrombasis, blood disorders, blood embolism and cocaine abuse. Symptoms: Thesa include
sudden loss of function in one region of brain, Weakness and heaviness occur in arm, leg of
face. Paralysis occurs on the side of the body opposile the carebiral infarction (a porion of the
lissue that 1s dying because of blood supply 101l has been cul off). Aphasia (inabilily Lo express
thraugh words) may be present. Treatment: Madical treatment is aimed at preventing lurther
allacks and stroke. Anlicoagulants and platelel aggregation inhibilor (such as aspinn} is given.
Blood pressure managemant and nursing care is essential.

17.6.2 Infectious Disorders of the CNS

Infactions of the central nervous syslam can be caused by almost any infeclious agent,
including viruses, baclena, fungi, prolozoa, and Platyhelminthes.
Maningitis

Itis an inflammatian of the meninges. Cause: Bacterial or viral infection of maningas.
Symploms usually include stiffness in the neck. headache and fever, In severe cases,
maningilis may also cause paralysis, coma or death. Treatmaont: For viral meningitis, thera s
no spacific treatment. Bacterial meningitis is treated with antibiotics and steroids.

17.6.3. Structural Disorders of the CNS

Several disorders disturb the structure of brain are referred as structural disorders, such
as umours,
Tumour

It is an abnormal mass of neuroglial cells produced as a resull of uncontrolled cell
division. Cause: Il is causad by mutation which may cccur at any age in brain and spinal cord.
Symploms: These vary widoly, depending on the location af the tumour bul may includo
headaches, severe nerve pain, paralysis, seizures, coma and death. Treatment: Surgical
remowval of lumour.
17.6.4 Funclional Disarders of the CNS
Headache

A headache is pain anywhere in the region of the head or neck. It can be a symplom of
a number of different conditions of the head and neck. The brain lissue ilsell is nol sensitive lo
pain because il lacks pain receplars. Rather, the pain s caused by disturbance of the pain-
sensilive struciures around the brain, There are two major calegares of headaches ie.,
primary headaches (due o the headacho condition el and not duoe o anolhar causa) e,
migraing, lension headache; and secondary headaches {due lo an underdying structural
problem in the head or neck such as bleeding in the brain, lumour, meningitis elc. Several
analgesic drugs are available lor treatment of any kind of headache.
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17.6.5 Degenerative Disorders of the CNS

Many diseases cause degeneration in different pant of the nervous system without an
identifiable external cause. Genelic factors are known to be involved. Example of such
diseases is Alzheimer's disease,

Alzhelmer's disease

Alzheimer's disease is a slowly progressive disease of the brain that Is characlerized by
impairmen! of memory and eventually by disturbances in reasoning, planning. language, and
perception. Although onse! of Lhis disease occurs in aged peoples bul it is nol particutarly
associaled with aging. Cause: There is genelic predisposition, so tends 1o run in familes.
Symptoms: Most prominent symptom i1s loss of short-term memory 10ss. Treatment: There is
no effective treatment for this disease.

17.6.6 Diagnostic Tests far Nervous Disorders

These days number of diagnostic tests have been developed for nervous disorders, The
principle of EEG, CT scan and MRI are discussed here

Electroancephalography

Neurons within the cerebral cortex conlinuously generate elecincal activity, This aclivity
can be recorded by electrodes attached to precise localions on the scalp, producing
electroencephalogram and this lechnique is called electroencephalography (EEG) An
EEG patlem is commonly called brain waves.

Fig. 17.16: Eleclzconcophalograty

Computed tomography scan

Computenized tomography is more commonly known by its abbreviated names, CT
scan. ILis an X-ray procedure that combines many X-ray images with the aid of a computer lo
generale cross-sectional views and, if needed, three-dimensional images of the inlernal organs
and struciures cf the body,
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A CT scan is used lo defline normal and abnormal structures in the body and/or assist in

procedures by helping o accurately guide the placement of instruments or treatments.

C1 scannacs greo docioes o 3.0 view of e body The images arn esguesdely dotaled
Lut requro a dose of radaton Ihat Can e 100 trmes thil of standatd Xray

Duecton of 1cinton

Rotting x-m,\

source @
Motons Famshnped Xoray begm
patiom T

Rotating Xeray
catectons

Fig, 1717: CT scan

Magnetic Resonance Imaging

Magnelic Resonance Imaging (MRI)
scan is a radiology lechnique that uses -
magnetism, radio waves, and a computer (o '
produce images of body structures. The MRI  freguency
scanner Is a lube surrounded by a gant =7
circular magnel. The patient is placed on a
moveable bed that is inserted into the magnet.
The patient is exposed o slrong magnetic field
and beam of radio waves. The recewver
informalion is processed by a computer, and
an Image is produced. The image and
resolution produced by MRI i1s quite delailed
and can detect tiny changes of struclures
within the body.

Scanner

Fig. 17,18 MRI scannee

Radio Patent

01D YOU KNOW?

recorced on a film. Ths recorded image (s caded a lemogram.

In CT Scan a large donut-shaped X-ray machine or scanner called tomogroph takes X-ray imagas at many
dilferent angles around the body. These images e processed by a compuler 10 produce cross-secthony
pictures of the body. In each of these pictures the body s seen as an Xeray “slice™ of the body, which is
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Skilts: Intarproting and Communication

« Conceptualize the activity of brain as an electrical activity, which can be recorded using

magnet and tomography.

Scienlists have altempled to conceptualize efectncal activity of the brain as a reflection of mental processes.
Due to recent advances in computes soltware and hardware s now passbie o sample more electrical
information from the brain by using different radiclogic imagng technique such as CT scan, MRI Scan and
EEG Therefore, these techniques have become vary useful for the diagnosss of brain disorders

« Compare EEG of the brain of a sleeping human with that of a fully awake individual,
During waketulnoss, alpha and bata activitios aro experioncod i the human brain, Alpha activilios consist of
medium frequency waves. Bela activiios consist of mregular low ampidude waves which are present when the
individual is very a'ert and altenlive. As tho indwidual gois drowsy, bealn expandnces theta acbwitics Tius is
the lransition slage belween wakelulness and steep. Sleeping stage contains irregular thela activities where
sleep spindies (shoa bursts of waves of 12-14 Hz) and K complexes (sudden sharp wave lorms) are presen|
Then the next stage of sleep conlains high-ampitude della activities 20 1o 50 percent of the ime

Byl Exercise

O [LEEET]

1. Select the correct answer

(1)  The cell transmils impulses from the
(A) effector argan 1o the spinal cord (B) receptor cells 1o the effector organ
(C) receptor cells to the spinal cord (D) spinal cord to the effector ergan

(n) Depalanzavton of an axon is produced by the movement of:
(A) Nainto the axon and K out of the axon. (B) Na'inlo the axan to bond with K
(C) K" into the axon and Na“ out of the axon
{D) Na' and K- within the axon towards the axon terminal

(ni) What will happen il the receplor sites on the post-synaptic membrane are blocked by
a drug at the neuromuscular junction?

{A) inhibition of acelylchaline (B) inhibiticn of cholineslerase
(C) muscle contraction (D) muscle paralysis
(i) Which of these are the first and last elements in a spinal reflex?
(A) axon and dendnle (B) sense organ and muscle effector
(C) ventral horn and dorsal horn (D) motor neuron and sensory neuron

(v) Impuises travel very rapidly along nerves to the leg of a man. Which fact accounts for
the speed al which they travel?
{A) a nerve impulse is an all or none phenomenaon
(8) the nerves conlain myelinated fibres
(C) there is a high cancentration of Na' wons inside the axons
(D) there is a potential difference across the axon membranes
(vi) Where are neurotransmitter receplors located?
(A) on the nuclear membrane (B) al nodes of Ranvier
(C) on the postsynaplic membrane (D) In the myelin sheath
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1 Short Questions

SAadNg N

=3

Why is neuron co-ordination important?

Describe the receplors as transducers sensitive to various stimuli.
Name the five fJundamenlal parts of human rellex arc.

Whal is the function of neurotransmitier?

Whal charactenstics do the brain and spinal cord have in common?
Whal is limbic system?

Name the sensory receplors of human skin.

How narcotic drugs interacl with the normal nervous activily.
Find cut some of the common withdrawal symptoms of alcohal.
Write the differences batween:

(a) thermoreceplors and nociceplors

(b) axoplasm and axclemma

(c) neuroglial cells and Schwann cells

(d) senscry neuron and molor neuran

(e) reflox acton and rellex arc

(f) resling membrane polential and aclive membrane polential
(g) depolanzation and repolarization

(h) repolanzation and hyperpclanzat:on

(1} refractory period and absolute refraclory period

(j) presynaplic neuron and posisynaplic nauron

(k) axon and dendndnte

(I} synaplic knob and synaplic vesicles

(m) pons and medulla

(n) white matler and grey matler

(o) myelinated and nonmyelinated nerve fibres

(p) cranial nerves and spinal nerves

(q) drug addiction and drug toferance

(r) somalic and aulenomic nerves system

E Extensive Questions

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

Whal is the basic organizat:en of 3 necvous system?

Descnbe the structure of a neuron.

Descnbe the three types of neurens and write their funclions.

Descnbe the mechanism of synaplic iransmission,

Wrile the classification of neuroiransmilters,

Descnbe the human beain,

Descnbe the structure of spinal cord with diagram,

Descnbe the somatc and aulonomic Nenvous system.

Give an account af narcatic drugs.

Descnbe the cause, symptoms and treatment of:

{a) Stroke (b) Headache (c) Meningitis
(d) Tumour (e) Alzheimer disease

Explain the principles of the [ollowing diagnostic tests of narvous disorders:
(a) EEG (b) CT scan {c) MRI
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a/ After completing this lesson,
you will be able to

Dascriba the struciure of bone and compare it with that of cartdage.

Explain tho functions of ostooblasts, ostooclasts and osteocyles.

Identdy the main dwisions of human skefelon.

List the bones of appendicular and axiat skeloton of man

Describe three types of joints Le. fibrous joints, carilaginous jomis and synovial jonls and gwve
example of each.

Relate the bgadal posture of man wilh his skeleton and musculature,

Idenldy the boaes of the poivic gedics. pectoral girdle, arms and legs by vsing the model of human
skeloton

Descnbe the disorders of human skalalon (disc-shp, spondylosis, sciatica, anhrit:s) and their causes
Stale ddferent types of fractures {simple, compound and complicated) and describe the repair
process of senple fraclures.

Desenbo the injuries in jointys {dislocabon and sprain) and their first aid treatment,

Descnbie the lest-aid trealment for fracture,

Compare smooth muscles, carduc muscios and skolotal muscias,

Explain the ultra-structure of the skeletal musclo.

Explain the skdng filaments mode! of muscle contraction.

Describe the action of anlagonistic muscles in the movement of knee joind

Explain muscie faligue, cramps and telany.

Difforantiale between letanus and musche (elany,

Compara the structure of skeletal, smooth and cardiac muscles with tha help of prepared slides,
Draw a diagrom of sarcamere and label ils pasts.

Jushty how the man funclions of the skelelon are 1o act as a syslem of rods and levars, which are
moved by the mustles.

Justify why do the muscles pull but do not push.

Namo the techniques for joint transplantaton,

Justify why the use of calcium in leenage and twenlies can be a proventive aclion againg!
oslecporosis.

Reason out the ngor morts,

Relate improper posture to bone/joint probiems.

W

Some support in living organisms is necessary 10 uphold and sustain the body agains!
gravity and other external forces. As the living organisms have been increased in size through
the process of evolution, the need for support became greater. This was particularly true once
living organisms left waler and colonized land, The skeleton in animals contnbutes to this

support.
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16.1 HUMAN SKELETON

Human skeletal system consists of bones and cartlage. The skelefon acls as a
framework hat supports soft tissues. Il allows free movement through the action of muscles
across joints. The study of bones and cartilage is called ostealogy.

16.1.1 Structure of Bone

An individual bone is composed of a variely of lissues, including bone lissue, carlilage,
fibrous ceonnective lissue, blood and nerve lissue. The terminal broad parls are called
epiphysis and the middle parl along the length of bone is called diaphysis or shaft which
also canlains a central cavity filled by yellow bone marrow. The ouler connective lissue
around the bone is called periosteum and lhe inner regicn is called endosteum. The

L .
~ o E D ‘."
; i -te 2 b,
(") Epotyss  Compacibone S
. S A
'\
‘ Periosteumn
Yeliow bono
Spangy bone matrow
Duaphysis Blood vessels
, ;*"
S s LM Red bone
- o marrow
. : .-.03':'
-

\ ) Epipliysis
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Flg. 16.1 Structure of bone

endosleum further consists of a penpheral par, called compact bone and the inner bone
mass, called spongy bone. Most of the spangy bone is present in epiphysis. The red bone
marrow is also found in the spaces of spongy bone.

There are three lypes of cells associated walh bone (derived from osleogenic cells) ie.,
osteoblasts are bone forming celis thal
synthesize and secrele unmineralized ground ‘
substance. Once the osleoblasts are 5‘ ; a O‘
surrounded by malrix, they become the = = '
osteocytes. Osteocytes maintain  healthy ’
bone ussue by secreting enzymes and
influencing bone mineral content. They also o cere ol e RN
regulale the calcium release from bone tissue - Siria Fias v
1o blood. Osteoclasts are bone destroying Fig. 16.2 Types of bone cells
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cells. Osteociasts perform bone resorption, 1.e., they breakdown bone and deposit calcium and
phosphate in the blood. The work of osteoclasts is important to the growth and repair of bone

16.1.2 Structure of Cartilage

Cartilage is not strong as bone. Il is present at particular piaces only. It is more flexible
than the bone because the malrix is gel ike and contains many collagenous and elastc
fibres. The cartlage matrix 1S covered by a dense layer of coliagen fibres, called

Chondrocyles n
Pecchondnum Lacunos

Penchondnum Matna Elasbe
Faers
Fig. 16.3 Structure of cantilage

perichondrium, There are many small cavities
distributed In the matrix called lacunae which
contain cartilage cells, The living cells of cartilage
are called chondrocytes. Unlike other connective
tissues, cartilage does not contain blood vessels and
the chondrocytes are supplied by diffusion. Because
of this. it heals very slowly. Although the human
skeleton i1s initally made up of cartilages and fibrous
membranes, most of these early supports are soon
replaced by bones, A few cartilages that remain in
adults are of three types. Hyaline cartilage is found
at the ends of long bones and in the nose, at larynx
and trachea. Fibrocartilage conlains wide rows of
thick collagenous fibres is found in the disks located
between the vertebrae, cartilage of knee. Elastic
cartilage is found in the ear flaps and epigioltis.

Table 16.1 Comparison between bone and cartilage
Foalure Bone Cartilage
Collagen Dansely packed Loosely packed
Cell types Osteoblas!, osteocytes and osteoclasts Chondrocytes
Biocd vessel Present Absent
Minerals Deposit minerals such as calcium. carbonates. | No deposition of minarals
phosphales, elc
Extempl covening Covered by penosteum Coveted by penicondrium

16.1.3 Divisions of Human Skeleton

Human skeletal system consists of 206 bones which are primanly divided into two
division i.e., axial skeletan and appendicular skeleton,

Axial skeleton

Axial skeleton includes those skeletal parts which are present along the central axs of
the body, like skull, vertebral column and rib cage.
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Flg. 16.4 Human skelaton

Head bones

Head conlains 29 bones which are divided inlo four divisions I.e., cranial bones, lacial
bones, ear ossicles and hyoid bone, Cranial bones form cranium (brain box). Oul of 8 cranial
bones two are paired i.e., parielal bones (left and nght) and temporal bone (leflt and right) while
four are unpaired like frontal bone, occipital bone, ethmoid bone, sphenoid bone, Facial bones
are fourteen in number and are attached to the cranium to form face. The six paired bones of
face are: lacrimal, zygomatlic, nasal bones, inferior nasal concha, maxilla and palatine. The
unpaired bones of face are mandible and vomer. Three pairs of middle ear ossicles are
malleus, incus and stapes. Hyoid bone is a small single bone which lies at the base of skull
below the tongue, It does nol articulate with any cther bone of head.

.16 Support and Locomotion m
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Flg. 16.5 Human Skull (side view)

The vertebral column in human being consists of thirty-lhree vertebrae. The vertebrae
may be divided into following five groups:

(a) Cenvtcal veriebrae - 7, (b) Thoracic vertebrae - 12 (c) Lumbar veriebrae - 5 (d) Sacral
veriebrae -5 (e) Coccygeal vertebrae - 4, Cervical vertebrae are the veriebrae of the neck, The
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atlas is the first cervical veriebra, Axis is the second
cervical vertebra. Thoracic vertebrae are nb carrying
verlebrae having large spinous processes and are found in
chest region. Lumbar vertebrae are present in abdominal
region. Sacral vertebrae are five fused vertebrae forming
the sacrum. The sacrum articulates wilh the iliac bones of
the hip bone 1o form the back of the pelvis. Coccygeal
vertebrae or coccyx are four vertebrae fused in the adulls.
Sacral and coccygeal vertebrae are logether called pelvic
vertebrae.

Rib cage

The rib cage consists of twelve pairs of nbs. The nbs
articulale posteriorly with the thoracic vertebrae. Ten ribs are
connecled anleriorly with stermum either directly or through
the costal carage. The nb cage provides support for a
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semi-vacuum chamber called chest cavity.

The seven pairs of nbs that altach directly to - ) =) Thacacic
the stermum are called true ribs. The 87, 9" '8 ” vertebo
and 10" are calied false nibs, as these three e )
pairs of ribs are attached lo the slernum by F Ml
means of common costal cartilage. 11" and Tree ribs| 1 NG
127 pairs of ribs are known as floating ribs, Ny
because lhey do not altach 1o the stermum. \ bg i
Appendicular skeleton 1N 7

Appendicular skeleton includes those :'.',,, Kol
skeletal parts which are present in appendages ~ae nhse ) .
{arms and legs). These are pectoral girdle,

Fioating nis === 12

pelvic girdie, forelimbs and hind Iimbs.
Fig. 16.7 Human rib cage

Pectoral girdle and Upper limb

Pectoral girdle consists of a pair of clavicles and a pair of scapula. Clavicles are a
pair of collar bones. One end of each curved bone articulales wilh the stemum. The other end
articulales wilh the scapula. Scapulas are two shoulder blades.

Upper limb or Forelimb consists of humerus, ulna, radius, carpals, melacarpals and
phalanges. Humerus is a long bone, the end of which has a spherical head, which fils into the
glenoid cavily, Radius is a long, ouler bone of the forearm {on the thumb side). Ulna is a
long bone on the inner side of the forearm, and slighily bigger than radius. Carpals consist of
two rows of eight short banes forming the wrist. The upper row articulates with the radius and
forms the wnst joint. Metacarpals consist of five bones making up the palm of the hand. Each
finger possesses three phalanges excep! thumb which comprises two phalanges, (see figure
16.4).

Pelvic girdle and Lower limb

The pelvic girdle is made up of three unils the ileum, ischium and pubis which form
coxa. The two halves of the pelvic girdle are joined al the pubic symphysis. A cavity called
acetabulum is also present.

Lower limb or Hind limb consists of femur, palella, tbla, fibula, tarsal, metalarsal and
phalanges. Femur or Lhe thighbone is a long bone with head, which fits into the acelabulum.
Patella or the kneecap is embedded in a long lendon which runs over the knee joint. Tibia or
shin bone is the large bone in the leq. Fibula or ouler bone is a thin bone joins the tibia just
below the knee joint and just above the ankle. Tarsal is made of seven bones which are lightly
altached 1o form the ankle. Metatarsal consists of five bones which articulate with the larsal
and phalanges to form the sole of the fool. Phalanges are small bones which make up the
toes. Each toe of the fool possesses three phalanges except big toe, which comprises of two
phalanges.



g o 16 Support and Locomaolion

16.1.4 Joints

A joint or articulation Is a place where two bones or bone and cartilage came logether.
The scientfic study of the structure and function of joints 15 called arthrology. The joinls are
classified as fibrous joints (immoveable), cartlaginous joinis (stightly moveable} and synovial
joints (freely moveable).

Fibrous joints

When the adjacent bones are direclly connected to each other by fibrous connective
tissue consisting mainly of collagen, it 1s called fibrous joinl. In this joint the bones do nol have
a joint cavity between them. The gap between the bones may be narrow or wide.
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Fig. 16.8 Examples of fibrous jomnts

Examples: Fibrous joint is found between:

(a) Mos! bones of the skull calied suture.

(b) The shaft regions of the long bones in the forearm and in the leq.

(c) The rool of a tooth and the sockel in the maxilla or mandible {(jawbones),
Cartilaginous joints

Al a cartilaginous joinl, the adjacent bones are uniled by cartilage, a tough bul flexible
type of conneclive tissue. These types of joints lack a joint cawity and involve tones that are
joined lagether by either hyaline cartilage or fibrocartilage. Cartilaginous jomls allow httle
movemen!, The examples of cartilaginous joint are:

(a) Costal cartilages that attach nbs to the slemum.
(b) Pubic symphysis and intervertebral disc.
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Fig. 16.9; Cartdaginous jaint of pubic symphysis
Synovial joints
Muscio -+~ \
They are freely moveable joints. The . , L Y Bone
ends of bones are covered with hyaline o Wiy’ A\
. ’ -B’Cﬂ‘ﬂ’w Y
cartilage and held together by a surrounding, “}—a&—’-\’ 3 Asticular
lube like capsule of dense fibrous tissue. The Sl Caiite g 4 N / cartilage
joint capsule is composed ef an outer layer of pe Mmmnﬂ i /"-"— Ligament
ligaments and an inner lining of synovial Tendon \ /
membrane, which secretes synovial fluid. \ L Bong
Examples: Hinge joint. Pivol joint, Ball-and- -
socket joint, Gliding joint. Fig. 16.10 Synovial joint

-~ 16 Support and Locemotion _

Science, Technology and Soclety Connections

Name the techniques for Joint replacement.

Many joints af the body can be replaced by andicapl joints. Join! teplacament s caed anheoplasty. Astilicial
joints are usually composed of metal, such as stainless steel, litanium alloys, in combination of modem
plastics, such as high-density polythene, silastic or clastomer. The bone ¢f the Jrlicular area i removed on
one side. This procedure called partial joint replacement or hemi-reptacemenl technaque, When both sides of
tho articular area aro romoved It is callod total joint roplacement lechniguo, Tho artdicial articular arcas are
glued 1o Ihe bana with a synthetic adhesive, such a5 methy! methacrylate.

Sclenco, Technolagy and Society Connections
*  Relnte the bipedal posture of man with his skeleton and musculature.

Curvalures of verebral column heip to batance the body for bipedal stance. The inlervertebral discs fend
fiexibility to the vertedeal colurmn and absod vertical shock, The structure of th pelvis, ) s altachment to the
vertabral column, pemmits upngh! posiure and locomobtion on two appendages (txpedal locomation). Certan
muscles are actve postute muscles, whose primary funchon 1S 1o work in oppositon o gravily, For example,
the strong, complex muscies of the vertebral column are adapted to prowvide support and movemenl n
resistonce Lo the effect af graviy. Thus, the skefnton and muscular systems maintain the bipecal poature of man
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16.2 DISORDERS OF SKELETON

Skeletal deformation may be hereditary eqg., arhrlis may be hormonal eg.,
osleoporosis or may be due to nutritional deficiency e.g., osleomalacia and rickels. Here we
will describe siipped disc spondolysis, sciatica and arthritis.

16.2.1 Common Disorders of Skeleton
Slipped disc

Each intervertebral disc is a cushion like pad which consists of nucleus pulposus and
annulus fibrosus. Nucleus pulposus is an inner semifluid which acls as a rubber ball lo give a
disc its elaslicity and compressibility. Annulus fibrosus is the strong ouler ning of fibrocartilage,
which holds logether successive vertebrae. The discs acl as shock absorber. Severe or
sudden frauma o spines may result in hermation of one or more discs,

The hemiated disc or slipped disc usually involves rupture of annulus fibrosus followed
by protrusion of the spongy nucleus pulposus. If protrusion presses on spinal cord ar on spinal
nerves, generale severe pain or even deslruction of these nervous structures. 'Slipped disc’ is
misleading as il is not the whole disc that slides out of the position.
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Fig. 16.11 Structure of (a) Intervertebral disc (b) s5pped disk

Spondylosis
It is the immability and fusion of vertebral joint. Cervical spondylosis resulls from chranic
cervical degeneration, with herniation of disc and aging.

Sciatica

Sciatica refers to pamn, weakness, numbness, or tinghng in the leg. It is caused by injury
1o or pressure on the sciatic nerve. Common causes of sciatica include: Slipped disk, pelvic
injury or fraclure and lumors.
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Arthritis

It is the inflammation of joints. The typical symptoms of arthritis include pain after
walking which may later occur even at rest, creaking sounds in joint, difficulty in getting up from
a chair and pain on walking up and down slairs. There are dilferent types of anthrilis,
Osteoarthritis is a progressive disease in which the articular carilages gradually soften and
disintegrate. It affects knee, hip and intervertebral joints.

Rheumatoid arthritis is the resull of an autoimmune disorder in which synowal
membrane becomes Inflamed due to faulty immune system. Gouty arthritis resulls from a
melabolic disarder in which an abnormal amount of unc acid is retained in the bloed and
sodium urale crystals are deposited in the joints, The most common joint affected is the joint of
the big loe.

Science, Tochnology and Soclety Connectlons
Justify tho use of calcium In teenage and twenties can be a preventive action against osteoporosis,

Osleoporosis, (s a common disease characierised by reduced bane mass and an increased risk of fracture. In
normal indivsduals, bone mass Increnses dunng skeletal growth to reach a peak batween the ages of 20 and
25 vt falls thereafter i bolh sexes. Ostaoporosis, occurs because in Ine bone resorphon exceeds bone
depositon, The increased calcium is used to increass bone mass. The grealer the bones mass before the
onsel of osteoporosss, the greator the tolerance lor bone koss later in . For this reason, it S Important for
adu'ts, especially women i their twenties and theties, 10 Ingest adequate amounts of calcum.

16.2.2 Bone Fractures \ f F

A fracture Is the medical term for a broken bone. They S 1
occur when the physical force exerted on the bone IS gimple 1 :
stronger than the bone ilsell. So bones break when they fraclure

cannot withstand a force or lIrauma applied 1o them. \ “ l t

Common types of fractures \ /\ \
Simple fracture or closed fractures are those in \ 'Comc‘mn'cll

which the skin is intact. If the bone ends penelrate the skin " fracture

and form a wound are called compound fracture or open e \ ) _-' o

fracture. When a fraclure damages the adjacen! organs it is /}f :’ \'&\\\

called complicated fracture.

16.2.3 Bone Repair

Bone is a living tissue that undergoes repair following fraclure. The repair process of a
simple fracture takes place in four major steps.

Haematoma or clot formation

When a bone breaks, blood vessels in the bone, and perhaps in surrounding tissues,
are lom and haemorrhage. As a resull, a haemaloma, a mass of ciolted biood, forms at the
fraclure site. Soon, bone cells deprived of nulrition die, and the tissue al the site becomes
swollen, painful, and inflamed.

Fig. 16,12 Bone ltactures
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Fibrocartilaginous callus formation

Within a few days, several events lead (o the formation of fibrocartilaginous or soft
callus. Capillaries grow into the haemaloma and phagocylic cells invade the area and begin
cleaning up the debns. A {raclure ruptures the penosteum and stimulates the produclion and
release of the numerous osteoblasts. These oslecblasts in conjunction with cartilage forming
cells secrete a porous mass of bone and cantilage called callus (or cartilaginous callus)
surrounding the break. The callus replaces the original bload clot and holds the ends of the
bones together. This process lakes 3-4 weeks.

Bony callus formation or callus ossification

Within a week, after the formation of soft callus, it is gradually converted into a hard
bony callus of spangy bone, Bony callus formation conlinues until a firm union is fermed
abeul two monlths [aler. Osteoclasls breakdown the cartilage while oslecblasls replace it with

bone,
Hematoma )
| Callus / Bony
1/ | callus of
| 4{ Internal specgy
slema )
‘ callus o New bong
(fitsrous yJ blood Healod
. fracturo
ussue and | Spangy ac
cartdngo) boao
trabeculaoe
Haemaloma farmabon Fisrocartiaginouy Boay callys formaticn Bone remodoling

callys ferrnton
Fig. 16.13: Bone repar

Bone remodelling

It takes place when a compact bone is formed across the fracture line to cannect both
sides. Usually, more bone is produced al the site of a healing fraclure than needed Lo replace
the damaged tUssue. However, osleociasts evenlually remove Llhe excess and the final result of
the repair is bone shaped very much hke the original. The final structure of the remodeled area
resembles that of the original unbroken bony reglon because it responds 1o the same set of
mechanical stressors.

Science, Tochnology and Society Cannections

Relate Impropar posture to bone/joint probloms

Imperoper poslure causes mcreased stress on joints and their supporting struclures resulting e infury. pain and
early degencration of bones and joints

16.2.4 Injuries to Joints

Torsion or sudden Impact 1o the side of a joint can be devastaling. We will discuss here
distocat:on and sprain.



NS 16 Suppor and Locomolion E

Dislocation of joints

A dislocated joint is a joint that slips oul of place. I occurs when the ends ef bonas are
forced from their normal posilions. A severe dislocation can cause learing of the muscles,
ligamenis and tendons thal suppon the joinl. Symploms include; swelling, inlense pain, and
immobility of the affecled joinl. The mast common causes are a blow, [all, or other trauma o
the joint. In some cases, dislocations are caused by a disease or a defective ligament
Rheumatoid arthritis can also cause |joint dislocation. A dislocated joint usually can only be
successiully reduced’ into ils normal position by a trained medical prolessional. Surgery may
be needed o repair or tightan sirelchad ligamanis,

Sprain

A sprain is an injury o a kgamenl. Commaonly injured ligaments are in the ankle, knee
and wrist. The ligaments can be injured by being stretched too far from their normal position.
The sprain should be resled. Sprains can usually be frealed conservatively wilh treatments
such as icing and physical therapy. Dressings, bandages, or ace-wraps should be used o
immobilize the sprain and provide suppar.

16.2.5 First aid Treatment for Disorders of Skeleton

Frompt and proper first aid increases the chances of a complele recovery, Usually, the
sevarily of the bone fracture and dislocation of joinls depend on its cause and Lhe allected
part Il you suspect someona has dislocaled a point or fractured bone, you can halp by:
{a) immobilizing the fraciured bone or dislocaled joinl bul do nal attempt 1o manipulale, pull ar
re-align the injured joinl or bone. Leave this task lo a professional (b) I possible; apply ice
pack or cold pack over tha affected par to reduce swelling, (c) Assist the victim o position of
comfort. (d) Provide suppor o the affecied area such as using shng or splints. Listen 1o what
the wvictim fells you. [e) Dislocations involving the hip. ankle and leg joinls and compound
Iraclures require ambulance (o ranspor the viclim,

16.3 MUSCLES

The specialized lissues thal can undergo contrachon and relaxation and provide movemants of
tody parts or whole body are called muscles, The study of muscles is called myology. They
also funclion o hold body pars in posiural positions, movement of body fluids and heat
production.

16.3.1 Types of Muscles
There ara threa lypes of muscle tissues: smoolh, cardiac and skeletal.

Smooth muscles

Thesa are distnbuted widely throughoul the body and are mare vanable in funchien than
olhar muscle types. The smoolh muscle cells are spindle shaped, wilh a single nucleus located
in the middle of the cell. Myofilaments are nol organised into sarcomeres, Conseguantly,
smooth muscle does nol have a sinated appearance. Smooth muscle colls  contain
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nonconiraclile intermediate filaments. Smooth muscles are involuntary in function, They are
found In digestive, reproductive, urinary tract, blood vessels elc.

Cardiac muscles

These are found only in heart. They branch extensively. Cardiac muscles are stnated
like skeletal muscle. but each cell usually contains one nucleus lecated near the centre,
Adjacent cells join together to form branching fibres by speciahsed cell-to-cell attachments
called intercalated discs, which have gap like Junctions that allow action potentials lo pass
from cell 1o cell.

Skeletal muscles

These muscles are attached to the bone and are respansible for movements of body
parts and whole body movements (locomotion),

- - — B Striations .~
” _-‘_- }_‘.— _; s . & .m...- ‘ -.l“ |
c. ‘-ﬁ'_' ' e ..'a Nucleus

S

SR am—y 2 Intercalaled
Dt it d disc
(a) Smooth muscles {c) Cardiac muscles (b) Skelelal muscies
Fig. 16.14 Types of muscies
Table 16.2 Comparison of three types of muscle tissues
Property Smooth Muscles Cardiac Muscles Skeletal Muscles
Muscle appearance Unstriped Irregular stnped Regular striped
Cell shape Spindle Branched Spinddle of cylindrical
Number of nucior One per cofl One por col Many per coll
Speed of contracton Slow Inlermedinte Slow to rapid
Contraction caused by Nervous system Spomaneous Nervous syslem
Conlreis movement of
Function substances thraugh Pumps tlood Move skeleton
hollow crgans
Voluntaty control Usually no control Usually no control Have control

16.3.2 Structure of Skeletal Muscles
Muscles (Extra reading materiel)

Skeletal muscles or striated muscles | Extemally muscle is covered in a connective tissue
show allernate light and dark regions under | wrapping called epimysium, Each skeletal muscle

. consists of hundreds to thousands of muscies fibres
microscope. Skeletal muscles are composed s o

(musclo cells). Each muscle is divided into discrote

of muscle fibres or muscle cells. Bundles of bundias - of :muscle  cole - cabsd - tsaclelas.. Tha

muscie fibres are enclosed by Collagen fibres lascicle i surrounded by perimysium. Each muscle
and conneclive tissue. Al the ends of the | fibre within the fascicle is covered by a layer of
muscle the collagen and conneclive lssue | connective lissuo called the endomysium
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forms tendons which attach the muscle 1o skeletal elements. Each skeletal muscle fibre 1s a
single cylindncal cell, enclosed by a plasma membrane like structure calied sarcolemma and
has several nuclel. The sarcolemma of muscle fibre cell peneltrates deep into the cell lo form a
hollow elongated tube, the transverse tubule (T-lubule), The cytoplasm of the muscle fiber s
called sarcoplasm. Il cenlains sarcoplasmic reticulum. Wilhin the muscle fibres are
numerous thin myofibrils which possess charactenslic cross striations.

The myofibrils are 1-2 pm in diameter that run in parallel fashion and extend the entire
length of the cell, Each myafibnl is composed of two types of myofilaments thin myofilaments
and thick myofilaments.

i
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Fig. 16.15 Structure of skelotal musclo
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Ultra - structure of skeletal muscles

Under a light microscope only the sinated nature of the myofibnis can be observed. This
15 seen as a reqular alternation of hght and dark bands called the | bands and A bands
respeclively, transversed by thin, dark lines. Electron microscope sludies clearly indicate that
the bands are due to regular arrangement of thin and thick myofilaments. Transversing the
middle of each | band is a dark line called the Z line. The section of myofibnl between two Z
lines is called a sarcomere, which is a contractile unit. From the Z line thin myofilaments
extend in both directions, whilst in the centre of the sarcomere are found thick myofilaments.

In cerntain reqions of the sarcomere, thin and thick myofilaments overlap. Transverse
sections in these regions indicate that six thin myofilaments surround each thick myofilament.
This arrangement of thin and thick myeflilaments results in a number of other bands being
recognizable in the sarcomere. The entire length of thick myofilaments constitute the A band
because they are anisotropic that can polanze wsible lighl. Thin myofilaments alone
constitute | band, which is isotropic or nonpolanzing. The centre of the A band is lighter than
the outer regions in a relaxed sarcomere as there are no overlap between the thin and thick
myofilament in this region. It is called the H zone (H stands for ‘hele’ means bright). The H
zone ilsell may be bisected by a dark line, the M line. The M line joins adjacent myaosin
filamenis together at a point halfway along their length,

Extra Reading Moterial T

X Mead —
Each myosin molecule consists of six polypeplides ; p
which aro arranged in such 8 way that each myosn T Al

molecule possesses a tal and two globular heads. Flenzie hinge —
A Myasin mctecule regdn

Each thick filament contains aboul 300 myosn
molecules bundied together with their tails forming
the central part of the thick fRament and ther heads
facing outward and in opposite directions ot each
end.

The kidney-shapaed polypeptide subunits of actn,
called globular actin or G actin, bear the activo silos Miosn neas
10 which the myosin heads altnch dunng contraction. 3] Porson of Puce Riamend

G aclin monomets are polymoenzod into long actin
filaments called fibrous, or F actin. The backbeane af
gach thin filament appears 1o be formed by two
ntenwined actin flaments 1hat lock ke a twisted 3 & 59 @
double strand of pearls. ~ — F aciin

Troponin
~ - Tropomyosin
b

Thick myofilaments are 16 nm in diameter and are composed of enly myosin protein.

The thin filaments are 7-8 nm In diameter and are composed of three proleins. Two
intertwisted beaded chain of actin which form the core of filament. Two strands of
tropomyosin spiral abaul the aclin core and help stiffen it In a relaxed muscle fibre, they
block myosin binding sites on actin so thal the myosin heads cannot bind 1o the thin filaments.
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Troponin is a three-polypeptide complex found al regular intervals on thin myafilaments. One
of these polypeplides (Tnt) is an inhibitory subunit that binds to actin, another (TnT) binds to
tropamyosin and helps position it on actin. The third (TnC) binds calcium ions. Both troponin
and tropomyosin help control the myosin-actin inleractions involved in contraction,

6.3.3 Muscle Contraction - Sliding Filament Mode!

The shding filament theory of
contraction states that during conlraction
the thin myofilaments slide past the thick """ .;“N'."'"
ones so thal they overlap to a grealer
degree. In a relaxed muscle fibre, the thick |~ g l

HER

and thin myofitaments averlap only at the
ends of the A band. Bul when muscle
fibres are stmulated by the nervous la
syslem, the myosin heads are attached on

to myosin binding sites on actin in the thin
myofilaments, and the shding begins. s,
These links are called cross bridges "
which are formed and broken several imes

)
.
.
.
) — — —
- — - ——

dunng a contraction, acling Ike tny \
ralchets 10 generate lension and propel the l

thin myofilaments toward the centre of the 4
sarcomere, oorace:

As this evenl occurs simullaneously
in sarcomeres throughout the cell, the 3
muscle cell shortens. The | bands shorten, "
the distance between successive Z discs 1s ‘e Ated
reduced, the H zone disappears, and the
contiguous A bands move closer together
but do not change in length.

Control of cross bridges Fig. 16.16 Stding filamant mode! of muscie conlraction

e

Muscle contraction is initiated by nerve impulse arriving al the neuromuscular junction.
The nerve impulse s carned through the sarcolemma to the T lubule then lo the sarcopiasmic
reticulum (SR). The calcium gates of the SR open releasing calcium into the cytosol. When
muscle is al rest the lropomyosin is disposed in such a way that it covers the siles on the actin
chain where the heads of myosin become altach. When calcium ions bind with the troponin
molecules they cause them to move slightly. This has the effect of displacing the tropomyosin
and exposing the binding sites for the myosin head. Once the myosin head has become
allached 1o the actin filament, ATP is hydrolysed and the crossed bridges are braken down.
The formalion and breakdown of cross bridges occur again and again during the sliding of the
filament.
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(m) Resting stage,
ATP is hytiotyzod

aclin hopoimyonin troponin

{(d) Now ATP Dings 1o myosn, ciuting
dotachment of myosin from actin,
nydrolysis of ATP 10 ADP and P

causes recocking ol the (D) Ca avds 10 lropotn,
n
myosin hodd ADP \ myosin binds to actin

Myosan-Lindang sile

o

- .
‘ JATP . ADP « P,

(¢} Powotstiroke occues,
the siecomern contracts:
ADP and Pi dasociate

frarm myosin

Flg. 16,17 Shiding filament model of muscle contraction

16.3.4 Antagonistic Arrangement of Skeletal Muscles

Bones are altached to the bones throaugh connective tissue called ligament. When a
muscle contracts one end narmally remains stationary and the ather end is drawn towards it
The end which remains stationary is called origin and that which moves is called insertion.
Both are the points of altachment to bones, Every muscle has ils own origin and Insertion,
Belly is the thick part between origin and inserlion which contracls. Normally the bones of
insartion Is pulled upen when muscle contracts and drawn towards origin, one bane moving on
the other at the joints. Flexor muscle, when contracts, It bends the bone at joinl, Extensor
muscle, when coniracls it siraightens the bone al joints. For the movement of the bone in two
directions muscles work in pairs. When flexors contract, the extensors relax and vice versa.
Such arrangement of muscles is called antagonistic arrangement.

Movement in knee joint

Knee or tibio-femoral joint is located between the femur and tibia. It is a complex hinge joint
that permits limited rolling and gliding movements in addition to flexion and extensians. The
flexion is carried oul by the flexor muscles. These are hamstring muscles present al the back
of the upper part of the leg (lhigh). The majar hamstning muscle is biceps femoris. Il has two
ornigins, one from pelvic girdle and other from the top af the femur, At its insertion the tendon
divides into two portions 1o attach al the upper part of Lhe tibia and fibula.



\o 16 Support and Locemotion _

The extension is carried oul by the

extensor muscles which are present in the e

fromt of the thigh. The main extensor iedatocy "Mm;“)
muscles are quadriceps femoris, They \ muncles. \
orignate at the ihum and femur, come ; 'r‘
logether in a tendon surrounding Lhe i

patella (kneecap), and insert at the Libia. A 4
These extend the feg at the knee joint and

are important for standing, walking, and

almosl all activities involving the legs Extenaon Flomon
16.3.5 Muscle Disorders Fig. 16.18 Movement at knee join

There are many problems relaled to muscle which are generally called muscle disorder. Some
common muscie disorders e.g., muscle fatigue, cramp and tetany are discussed here

Muscle fatigue

When the muscles lose Lhe abiity 1o conlract, the physiological stale of muscles is called
muscle fatigue. The ather faclors which cantribute 1o muscle fatigue are accumulalion of lactic acd
and wonic imbalance. The cause of extreme fatigue is tactic acid which causes muscle pH to drep and
the muscle 1o ache.

Cramp

It is also known as tetanic contraction of entire muscle. It [asts foe just lew seconds to several
hours, causing the muscle 1o became Laul (Lighlly drawn) and painful. It is mos! commen in thigh and
hip muscles, I usvally occurs al night or after exerciso. It reflects low blood sugar level, electroiyte
deplelion, dehydration, imitability of spinal cord and neurons.

Tetany

In telany the bedy shakes from conlinuous musclie conlraction and convulsion occut due o
calcium Imbalance. It results in the excilabidity of neurons and resulls in loss of sensation, Il untreated
the symploms progeess to spasm of larynx, paralysis and ultimately death cccurs.

Table 16.3 Difference betweon tolany and tetanus

Tolany Totanus

Causad by low calcwum level in blood Caused by infectson of Ciostadium tetani

Results in the exciabiity of newons and loss of | Due to severe convisdsion the patient dies due to lack of
sensation oxynen

Scionce, Tochnology and Soclety Connections

Justify why do the muscles pull but do not push.

Bones act as the fevers, whie joints perform as living fulcrums. Muscle, attached to bones by tendons and
cther connective lissue, exerls force by convertng chemical énergy 10 tengion and contraction. When o
muscle contracts, #f shortens, in many cases pulling a bona bke a laver across s hinge. Muscles maove and by
their motlons weo move. We are capablo of performing a wide vanaly of actions, but dospite this, muscle itselfl
moves only by becoming shorar. They shorten and then thay rest - in other words, a muscle can pull but it
cannot push
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Scienca, Techinology and Socicty Connections

Reason out the flgar martis.

WWhen death cocurs, ATP is no longer made. B s a shon-leed chemical and so i ns out Taily quickly. This
causes lhe muscles to lock inlg posdion as cross-bridiges that formed belween actin and mycsin Momoenis
bofore dealh can na longas be broken. The shelelal muscles undergo & parial conlracton that causes tho
jnts I0 become flaod. Ths condilan, rigor mors [rigidity of dealh}, happens in all body musclos, I appears
aboul four howrs afler deaih and lasis sbout 34 howrs. Alter this ima, muscles proloins are desiroyed by
enzymes waihin (he cells and So ngor mors dSappears.

skill: Analyzing and Interproting

« Justity how the moln functlons of the sholalon are lo set
&3 o syslem ol rods and levers, which are moved by the Load Effort -
muscles. i
A lever |5 any nigid strecture hat runs aboul & fulcrum when foree Fulerum
= pgpbed, Levers pre geresplly posooed with machines bul LoadE Nart
£an 450 apply 1o human body. In the body, synovial jints usually V) Firsl aordor lovor
sona a3 tha fulcra [sing: fulsrum) (F), the muscles @an provide Effart
foree of elfort {E), and the bonts acl as the rigid lever arms that Load
fmove fhe resisting abject, Thera are thice kesfs of lewaes, : i
dirtermiined by the aftangdimant af ther paecs. In fired order lver,  Fulcrom Eflort
the fulcrum |5 pasitongd botweon b affod and the sesislanco. tn
tha human body the head al tho  allando-occipilal - joend,
straghiening of tha othow s an exampla. In the socond order (D) Second order lever Load
hever, the reseslance is positoned belwesn the fulcrem and the
oifgr. Confraction of the cal! muscles (E) 1o elovate lhe body on
tha loes, with the ball of tha Tool acking as the fulcrum = an
expmpie in the human body, In the third order bever, tha elfor ligs Fulcrum
betwaen the fulcrum and the resisiance. The floxion of the elbow
i an panmplhe.

Load ENort Err?ﬂ
L 1

Lond
() Third order lever

PR et

1. |dentifcatgn of the bones of lhe pelvic girdles, pocloral girdsa, ams and legs by using the modal of
Pamn sxeleton
2, Comparson of the sirueiwro of shetetal, sSmogth and carding muscles with the help of prepared slides
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Exercise

1. Select the correct answer

()

(1)

(k1)

()

(v)

(vi)

(vii)

(wviti)

()

The &tlas and axss vertebrae are located in:

{A) lumbar region (B) cervical region

(C) thoracic region (D) pelvic region

Skeletal muscles confain dark band, which are anisotropoic, are called
(A) A band (B) | band (C) Z band (D) M line
The acetabulum provides the articular surface for the

(A) humerus (B) femur (C) pelvis (D) fibula
Scapula is connecled with sternum by

{A) ribs (B) carpals (C) dlavicie (D) atias

Which slatement correctly describes the smooth musclas?
(A) Unstriated involuntary with spindle shape cells

(B) Unstirniated invaluntary with multinucleate cells

(C) Unsinated veluntary with uninucleate cells

(D) Stnated involuntary with spindle shape cell

Thin myofilaments consist of

(A) aclin, myosin, froponin (B} actin, tropemyosin, troponin

(C) actin, tropomyosin, fibrin (D) actin, myoglobin, troponin

Which of the following changes occur when skelelal muscle contracts?

(A) The A- bands shorten (B) The |- bands sharten

(C) The Z- lines move further apart (D) The H- zone becomes more visible
A human internal organs are protected mainly by the

{A) hydrosiatic skeleton (B) axial skeleton

(C) exoskeleton (D) appendicular skeleton

Arm and leg muscles are arranged in anlagonistic pairs. How does this affect their
funictioning

(A) it provides a backup if one of the muscles is injured

(B) one muscle cf the pair pushes while the other pulis

(C) it allows the muscies 1o produce opposing movements

(D) it doubles the strength of contraclion
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(x) Which of the foilowing bones in the human arm would cerrespond Lo the femur in the leg?

(A) radius (B) ulna (C) ibia (D) humerus
(x1)  The deep infolding of the muscle fibre membrane is called

(A) sarcoplasmic reticula (B) Z lines

(C) T-tubules (D) sarcomeres
{xi) Bone dissolving cells are called

(A) chondrocytes (B) osteoblasts

(C) osteocias!s (D) osleccyles
(xiti)  Which of the following cartilage is found at the end of long bones?

(A) calcified (B} librous

(C) elastic (D) hyaline
(xiv) Attimes ligamenls are oversiretched or tom, Itis czlled

(A) sprain (B) dislocation (C) fracture (D) tension
(xv)  Whach ion Is essential for muscle conlraction?

(A) Na (B)K (C)Ca (D) ClI

X Shor quesions

How do compacl bone and spongy bone differ in structure?

Name three types of cells associaled walh bone and write their functions.

Compare structure of bone with thal of cartilage.

Name the bones of axial and appendicular skelaton.

Name the bones of cranium.

Describe the five groups of vertebrae,

What is the struclure of the human rib cage.

Name the bones thal form the (a) pectoral girdle (b) pelvic girdle

10.  Name the bones of upper and lower imbs,

11, What are the main lypes of joints found in bones?

12, What is fibrous joinl?

13, What are the four steps required for bone fracture repair?

14.  What skeletal struclures are affected from the osteoarthritis?

15.  List the major parts of skeletal muscle libre and write the function of each pan

16.  Whatis Z line and M line and what are their functions?

17. How the arrangement of actin filaments and myosin filaments produce | band, A
band and H zane?

18.  Descnbe the antagonistic arrangement of skeletal muscles.

19.  Why are ligaments elaslic and why does the tendon need lo be inelastic?

oSN LN
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20. Draw a diagram of sarcomare and label ils parls.
21, Write the dilference belwean:

(a) epiphysium and diaphysium

(b) perosteum and endosteum

e} compact and spongy bone

(d) axial skeleton and appendicuar skeleton

(@) true ribs and false nbs

if) false nbs and floating ribs

ig) alasand axis

ih)  rheumatd arhnlis and gouty arthritis

(i} simpte and compound bone fraciure

(5} tropomysin and lroponin

ik} tendans and ligamanis

(f}  callus and bony callus

(m}) tetany and lelanus

E Extensive Questions

Explain the struciure of bona wilh diagram.
23. Explain the structure of cartilage with diagram,
24. Dezcribe the bones of appendicular and axial skelalon of man.
25, Describe the bones of cranium.
26.  What are the following common Iypes of disorders of human skelaton:
{a) Slipped disc (b) Spondylosis (o} Scialica (d] Arthrilis
27. Give a delal account of bone repair.
28, Give an accoun! of the following related 1o injuries 1o bones:

(a) Dislocation of jolnls (b) Sprain
[c} First aid treatment for disorders of skelelon

29, Describe thres types of muscle lissues in man,

an. Explain tha ultra structure of skaletal muscle,

31, Explain the shiding filament model of muscle contraction.

32, Explain the action of antagonistic muscles in the movement of knee joint in man.
33, Give explanation of the fallowing statement.

{a) Pregnant women should be ancouraged to drink milk

{b) The sutures af the skull are fixed joint,

{c) The human femur is strangar han humenus,
KTH Describe the following muscle disorders:

{3} Muscle fatigue (b)Y Cramp ic) Tetany
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HOMEOSTASIS

/ Aftor completing this lesson,
/  you will be able to

o  Differentale between osmoconformers and asmorequlalors
«  Delne osmoregulaton
e« Explain the problems faced by osmoregulalors

= Explam the ddferent methods of osmoregulation found in freshwaler, manne water and terrestrial
habatats

e List varous nitrogencus compounds excreted duting the process ol excreton
o Explain the nalure of excrelory products in refation to hataot

o Explain difforen! organs of unnary system. Descnbe the struciure of kxiney and reiate ® with its
functon

o Explain the detaifed structure of nephran

o Explan the procosses of glomaerular filtration, selective re-absorpbon and tubular socrotion as tho
ovents i kidney funcbioning

e Explain that concentration of unne is regulated by counter-current and hormony mechanisms,
o Justify the funcloneng of kidneys as both excrelon and osmoregulation

e Compare the function o two major capliary beds in kidneys | ¢ glomerular capiaties and
partubular caplianas

e List unnary tract ifections and the baclena responsible

o Explan the causes and lreaiments of kidney slones.

o Oulline the causes of kidnoy fadure

e Explain i detail the mechanism d:alysis

o Delnge hermoregudntion and explain ds nesds

e Classify arumals on the basis of the source of body's heat 1o ectotherms and endotherms

o Classify the anenals on the bases of the atdy 1o Ihermoreguiate (¢ poikdotherms and
homeatherms

o Doscnbe 1he regulatory stralegees o mian for thermoregulabon

Animals have two eavironments in therr hves, an external environment i which the
organism s situated and an internal environment in which the tssues liwve The external
environmen! consists of varying conditions of atmosphere, marine or freshwater The internal
envitonment s formed by the interstihal fluid or tissue fluid that surrounds and bathes all the
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ussues and circulating body fluids ke lymph or plasma, the liquid part of the blood.
Homeoslasis is the tendency of an organism or cell 1o regulate its internal conditions, such as
the chemical composition of its body fluids, so as to mamtain health and functioning,
regardless of outside conditions,

15.1 OSMOREGULATION

The mantenance of constant osmotic conditions (water and solute concentration) in the body
is caled osmoregulation. Animais may be either osmoregulators or osmoconformers with
respect 10 ther external environment

15.1.1

Osmoregulators

Those amnimals that can maintain Internal osmolic concentrations differen! from the
surrounding medium are called osmoregulators. Such animals are hypotonic of hypertonic 1o
their environment. Almost all of the freshwater animals and mosl of the marine vertebrates are
osmorequlators,

Osmoregulators and Osmoconformers

Osmoconformers

Those animals that change the osmotic concentrations of the body fluids according 1o
that of surrounding medium are called osmoconformers. These are isolonic 1o therr external
environmen!. These include all marine invertebrates, some freshwater invertebrates and some
manne vertebrates like Myxine (hag fishes) and elasmobranches (sharks and rays).

The unusual higher osmotic
concentration than other verlebrates of
manne habitat is maintained by high levels
of urea and tnmethylamine oxide (TMAO) in
the blood. These organic subslances are
called osmolytes because they increase
the osmolic (solutes) concentration

.’
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In most vertetwales, tha level of urea 1o this high
concenration would damage the roleins because (1 ¢s
chaotropic (denaturing) agent that disrupts non-covalent
and lonic bonds between aming acids residues, but
tha presence of TMAO helps 10 stalvize these protein
molecules against the adverse effects of urea

15.1.2 Problems Faced by Osmoregulators

Since, freshwater animals live in hypotonic environment, therefore, water constantly enters the
body and they also face deficiency of salts, so they have lo lose excess water and maintain higher
sall concentration than their environment

On the other hand, most of the marine teleosts (bony fishes) are hypolonic to sea water.
So these fishes have tendency lo lose water to the environment, especially across the gill
epithelium. They also have prablem of excess of salts in the body due to drninking of sea walter

Terrestnal animals are aiso hypotonic to the ouler environment. Evaporation of water thal
leads 1o the dehydration is the major problem faced by these animais.
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15.1.3 Osmoregulatory Adaptations in Animals

Freshwater animals

Almost all of the freshwaler animals are osmoregulators. These animals are generally
hypertonic to their outer environment

These animals deal with these problems by producing large voiume of diluted urne.
Their kidney reabsorbs the salls thal are required. Salls are also obtained from the food they
eal. Thase animals also actively transpon salts from the external dilule medium with the help
of special salt cells called ionocytes. lonocytes are found in the amphibian skin and gills of
fishes
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Fig. 15.1 Osmoregulabion m manne anmals Fig. 15.2 Osmoregudation in frestwater animals

Marine animals

Teleosts (bony fishes) are osmoregulators in marne enviranmen! which are hypotonic
to their environment. So these fishes have lendency 10 lose waler 1o the environment,
especially across the gill epithelium. In order to replace the waler loss, these fishes usually
drink large amount of water unlike freshwater fishes,

They also have problem of excess of salts in the body due to drinking of sea water.
Among the excess sails, Na'. CI and some amount of K’ are removed across the gill
epithelium while divalent 1ons like Mg™", Ca"" are excreted by the kidney. Some fishes also
have special salt secreting glands in the wall of rectum called rectal glands that remove salls
into the digestive tract which are then eliminated from the body during egestion,

Terrestrial animals

The successful groups of land animals are anthropods among the inveriebrates and
repile, birds and mammals among the veriebrates. The presence of chitinous exoskeleton in
arthropods and dead keratinized skin In vertebrales are adaptalion to reduce water loss by
their bodies.
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Desert mammals are very much resistant in this regard. They can lolerale against
strong degree of dehydration by special metabolic and behavioural adaplation. This
charactenstic is calied anhydrobiosis. Actually, these animals feed upon seeds of desen
piants in which large amount of carbohydrate are stored During the breakdown of these
compounds; water is produced as by-product that is utiized by these animals. Best example of
such animals is kangaroo rat. They avoid day time heat and emerge at night. 90% of the water
that they use Is metabolic water denved from cellular oxidation.

15.2 EXCRETION

Metabolism produces a number of toxic by-products. particularly the nitrogen containing
compound. The excretion is the removal of chemical waste from the body which are
produced by the metabolic processes within cells. The nitrogenous excretory products of
animals are ammonia, urea and unc acid

15.2.1 Relationship between Excretory Products and Habitats

The exact nature of excretory product 1s determined mainly by the availabilty of water to
the organism which is based upon s habitat. The corelation with habitat 1s. (a) ammonia -
aqualic (b) urea - aquatic and terrestnal (c) urnc acid - terrestrial

Ammonia

Ammonia is highly toxic because it tends to raise the pH of body fluids and interferes
with membrane transport functions. It is highly soluble in water and diffuses rapidly across
cell membrane It is therefore excreted rapidly One gram ol nitrogen, In the form of
ammonia, requires five hundred ml of water to dissolve it to nontoxic level Such plenty of
water can only be afforded by many aqualic organisms, particularly those in {reshwaler
e.a , mos! fishes, protozoans, sponges, coelenterates. Animals which excrete ammonia as
their major nitrogenous waste product are called ammonotelic

Urea Criticatl Thinking

Organisms with less freshwaler available, | Where do you think the carbon dwoxide used
such as some manne organisms and all terrestnal | ‘0 the formation of urea comes from? Where
organisms remove their most of the nitrogenous | ©°°3 the remainder of excess carbon dwxide

. ? Qo to be excreted?
wasle in the form of urea They will often invest
some energy lo convert the ammonia into urea, ﬁ
=2, ¥
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which is 100,000 tmes less loxic than ammonia.
One gram of nitrogen, in the form of urea, requires
50 ml of water 10 dilute it to nontoxic level. Animals
which excrele urea as thesr major nitrogenous waste aiklale ek e oy o . Sramhdnin- of
product are called ureotelic, proteins  Approximately one gram of uric
Uric acid BCidd (S excroted i urine per day

Humans excrete small guanties of uric acid
but this s produced from the breakdown of

Uric acid is a purne even less loxic than urea, and it precipitates from solution, allowing
the 4 nitrogen atoms per unc acid molecule to be excreted. One gram of nitrogen, in the form
of unc acid, requires just 1 ml of water for its excretion. It has evolved in two groups with major
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waler loss problems, terrestnal inveriebrales and egg-laying vertebrates. These animals are
called uricotelics.

15.3 EXCRETORY SYSTEM OF MAN

The excretory system (urinary system) essoe 'l
consists of kidneys, ureler, urninary bladder and a \
tubular urethra. The kidneys lie on either side of the ~ Fov v 1
vertebral column between the twelfth thoracic and
third lumbar vertebrae

Each ureter is a tubular organ about 25 cm Ureter Kinery
long, which begins as lhe funnel-shaped renal
pelvis. It extends downward parallel to the veriebral
column to join the urinary bladder It transports unne
from the kidney to the unnary bladder The urinary .
bladder is a hollow and distensible muscular organ. (') Unirary bladder
It 1s located within the pelvic cavity. It serves as Uratheo

unne reservoir. The urethra s a tube that cames
urine from unnary bladder 1o the cutsice of the body. Fig. 15.5 Excretory system of man
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Fig. 15,6 Human kidnoy (a) oxternal structure (b)) miemal structure (longitudinal section)

15.3.1 Structure and Functions of Kidney

The science concemed with the structure, functions and diseases of the kidneys s
called nephrology. A kidney is a reddish brown, bean shaped organ with a small surface. A
fibrous connective tissue layer, called the fibrous capsule. encloses each kidney The lateral
surface of each kidney is convex, bul its medial side s deeply concave. The resulling med:al
depression leads into a hollow chamber called the renal sinus. The entrance to this sinus s
termed hilum (hilus), where the renal artery and nerves enter and the renal vein and the
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ureter exil. The kdney 1s dwided inta an outer renal cortex and inner renal medulla that
surrounds the renal sinus The renal medulla consists of a number of cone-shaped renal
pyramids. Unne is collected in the renal pelvis and exit the kidney through ureter

Structure of nephron

The nephron s the functional unit of kidney A nephran consists of a renal corpuscle
and a renal tubule. A renal corpuscle is composed of a network of capillaries called glomerulus
which s sumounded by a thin double-walled structure called Bowman's capsule. The
Bowman's capsule 1$ an expansion at the closed end of a renal tubule The renal tubule leads
away from the Bowman's capsule and becomes highly colled. This coded portion of the tubule is
called proximal convoluted tubule. The proximal convoluted tubule dips toward the renal
pelvis into the medulla forming a sharp loop called loop of Henle. The locp of Henle consists of
a descending 'mb and an ascending lmb. The ascending imb retums to the region of the renal
corpuscle, where it becomes highly coiled again. and is called the distal convoluted tubule
which is connected to the collecting duct. The collecting ducl receves many nephrons. Many
collecting ducts combing together to form larger collecting ducts which empty into renal pelvis
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Fig. 15.7 Struclure of nephron

Blood circulation to nephron

The renal artery within kidney gives nse branches which project into the corlex
and qive rise to afferent arterioles The alferen! artericles supply blood to the
glomerular capillartes of the renal capsule Efferent arterioles ansing from the
glomerul give rise to a plexus of capillaries called the peritubular capillaries around
the proximal and distal tubules. Specialized part of the peritubular capillaries called
vasa recta course into the medulla along with the loops of Menle and then back toward
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the cortex Tne pentubuiar capillanes drain into renal vein The renal vein exils the
kidney and connects to the inferior vena cava

Functions of kidney E F
Kidneys funcbon as excretory as well as osmorequiatory | i Science Titbits

organs. Their excretory functions include the filtraton of Effereri arterioles have
nitrogenous wastes from the blood and its removal outside the | somewhat less dameter han that
body in the form of unne Being osmoregulalory organ, these | of e alterent vessel Therelore.
are concem with the {formaton of diluted unne dunng the stale | 4 considerable blood pressure s
of flooding and form concentrated unne during the state of Lo-evelopod in glomerulus
dehydraton.

Urine formation

The formation of unne Involves glomerular filtraten, tubular reabsorption and tubular
secretion,

Glomerular filtration (pressure lillration) lakes place in the renal capsule under
pressure The pressure comes from the blood pressure and s known as hydrostatic
pressure. Glomerular capilianes have exceptonally high blood preéssure than any other part of
capillary bed in the body The diameler of efferent arteriole is hall as compared to the afferent
arteriole so as the blood enters the narrow capillaries, pressure rise. Due to such a high
pressure, water and small solute molecules are filtered out of the glomerular capillanes and
are collected into the Bowman's capsule Larger melecules like proteins, as well as red blood
cells and platelets are left behind in the blood The filtered fluid in the capsule is called
glomerular filtrate It has a chemical composition simiar to that of blood plasma

Oestad convohitnd 2onie k ‘ Scioence Tithits
Secrencen ol e, soeds Gy There ate two types of nephrons,
=¥ ot cortical nephrons and juxtamedisiary
- ) neptrons  Cortical nephrons  are
= Yt found in the cortex They have their
) \i} renal corpuscle in tho superficud renal
Aoy , cortex and have relatvely short ioops
..';‘;‘.; 4 [ ot of Menle 70 to BO% nephrons in

T human kddney are cortical Under
‘ of witter normal condtions of waler avadabiity,
1

orwr

the cortcal nephrons deal with the
control of Blood volume by forming
&luted unne Juxtamodullary
nophrons have that renal corpuscle

Producten of | |
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wry . . ? close to the juncton of the cortex and

2 Ve el e [ Paia om | medulla. They have long loop of Henle
: ;:-.':' Desvoty of o which extends deep nlo the medulla
o Vrusk Loop of Heno B These types of nephrons are riatively
:::«:7 ul.;v;'::l::,:: la'c: caye rare and only comprise 20-30% of the
sodhin ad Chlosde don nephrons in the human kdnoy Whan

{acmrainng bt water 15 i short supply, Increased
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Fig. 15.8 Unne lformation juxtomaedutiary nephrons
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Selective reabsorption, Is the process by which cenain subslances thal have been
filered out of the blood duning ultrafiltration are reabsorbed These subslances Include
glucose, amino acids. vilamins, inorganic salts and some water. As only cerlain substances
are reabsorbed, it is known as seleclive reabsorption

Tubular secretion is the process by which cenain substances e g, ammonum, hydrogen
1ons are secreled mainly by the tubular epithelial cels of loop of Henle into the lumen of the tubule.
However, 1o some extent this process also occurs in convoluted tubule  The main purpose of this
secretion 1S 1o mamntam the pH of the unne. Normal unne has pH range from48to 75

The mechanism of urine concentration

Waler is reabsorbed along the whole kj Sclence Titbits
length of the nephron. but the formation of | . widion 1o thew excretory ang osmoregulatory
hypertonic wurne Is dependent on the | role. kidneys also help 1o control the red biood
reabsorption of water fram the loop of Henle and | c®!l formation by secretng the hormone
collecting duct. This s achieved by mm;"; m":pep'cc;) .':f;:z.:?
countercurrent multiplier mechanism_ Due to
the counter current, filtrate mowving in mbs of loop of Henle and the blood moving in the
capillaries of vesa recta, water s greatly (approx. 99.5%) reabsorbed . As fluid travels up the
ascending imb, sodium chlonde is transported actively out of the limb ito the surrounding
area This movement is controlled by aldosterone. This causes Increase In the concenltration
of water in filtrate and decrease in concenlration of water in kidney interstitium (space within a
lissue or organ) As a result, water passes oul of the descending imb by osmosis. This
movemen! of water is also promoted by anti-diuretic hormone which s secreted from
posterior lobe of pituttary.

15.4 DISORDERS OF URINARY TRACT

The normal aging process in human affects kidney function in vanous ways. Urinary tract
infections (UTI) are fairly common. Urology is the branch of medicine which deals with
diseases and abnormalities of urinary tract and their treatment.

15.4.1 Urinary Tract Infection

Although males can get a unnary tract infection, the condition is fifty times more common
in women. In general, the higher nsk in women Is mostly due to the shortness of the female
urethra. which is 1.5 inches compared to 8 inches in men. Bactena from faecal malter at the
anal opening can be easily ransferred o the cpening of the urethra. Almost all parts of the
unnary tract are affected by the nfection except ureters which are rarely the site of infection
The types of UTls depending upon the site are: urethritis 1s an infection of urethra, cystitis
involves the bladder and If the kidneys are infected the infection 15 called pyelonephritis.
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Since the infection is caused by bacteria, it is curable by antibiotic therapy. For
prevention, one should dnink lot of water to flush oul bacteria. Personal hygiene is especially

important too
Table 15.1 : Urinary Tract Infection (UTI) Caused by Bacteria
Bacteria Discases
1. E. coli 1. UTl
2. N. gonorrhoeae 2. Urethntis, Gonorrhoea
3. T paliadium 3. Syphilis

15.4.2 Kidney Stones

- L
Unnary slones are hard, cryslalline T
Tithi
mineral materials that stick together to form Sl ="
There are five major types of unnary stones.

small “pebbles” within the kidney or urinary culchom: Sabar calchuin Bhaaonsle. macneskim
tract. They can be as small as grains of sand | ammonium phosphate, uric acid and cystine.

or as large as golf balls, They may stay In | Uric stones are composed of combnabon of unc

kidneys or travel out of the body through the | acid and calcium oxalate. They are normaty 2-3 mm
In diameter with either smooth or unaven surface

unnary tract. The condition of having stones Brenching sloas s cilled & Sy

n the kidney is termed nephrolithiasis.

Skilis: Initiating and Planning

Hypothesize kidnoy stone by studying the urine tost of relevant pationt,
When urine is acidic (low pH) the stone is of calcium oxalme

When the urine is alkaline (high pH) the stone is of calcium phosphate

When urne is persistently acidic the stone s of unc acid type

Kidney stones may be caused by increased calcium level in the blood which is lermed as
hypercalcemia. il in turn, causes high calcium in the urine. the hypercalciuria. Increasad
oxalate level in the unne is called hyperoxaluria. Hypercalciuria and hyperoxaluna cause
calcium oxalate type of kidney stones which are present in 70% of kidney stone patients.
Hyperuricemia is the increased amount of unc acid in the blood and it causes uric acid type
of kidney stones which are found in 10% of kidney stone patients. High concentration of
cysteine and phosphates in urine also cause kidney stones. Continuous state of dehydration
increases the chances of kidney stone formation,

Extracorporeal shock wave lithotripsy (ESWL) and Percutaneous Nephro Lithotripsy (PCNL)
are common methods for kxdney stone treatment. In ESWL, an instrument called lithotripter is
used to generate shock waves from outsxde the patent’s body focused on the stone, breaking it
into small prieces. Most of the fragmenits then pass sponlaneously via the urethra.
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— Calyceal stone
- Renal pelvic
stona

Uppor ureteral
stone

Fig. 15.9 Kuiney stone Fig. 15.10 Extracorporeat shock wava litholripsy

in case of larger stone PCNL Is preferred In which a tube is inserted from the patient’s
back into the kidney lo creale a tract. A scope is run through the tract to direclly visuahze the
stone inside the kidney. Ultrasound equipment can then be Inseried o breakup the
stone. While watching the stone through the scope, the stone fragments can be grasped with
special equipment and pulled through the tract out from the kidney Open surgery is now
aimos! never needed excep! for large bladder stone.

15.4.3 Kidney Failure

A general term for a decline kidney function particularly the efficiency of the filtering
process is called kidney failure or renal failure. Chronic renal failure :s the irreversible
detenoration in renal function It is a gradual, slowly progressive and occurs over a penod of
years

Chronic renal failure may be caused by: (a) Bactenal infection

of the pelvis and surrounding issue. (b) Nephritls (inflammation | o) &
of glomerul) (¢) Damage due to high blood pressure (d) ) Sclence Titbits
Diabetes mellitus, Chronic  kidney fallure can

Acute renal failure may be caused by (a) Haemorrhage due | PrO97¢ss !0 end-stage renal
1o trauma. (b) Vomiting, diarrhoea. (c) Diuresis (excess ::m“"'s ‘;?:D’n;': :’M"m"";
excretion of unne), sweating (d) Obstruction of the ureters, 5

fillering (dual o a kidne
bladder or urethra e g.. kidney stone. (¢) Severe nephritis. "mw,a; o J

15.4.4 Dialysis: Mechanism

A procedure to filter toxins from the blood by artificial methods when the kidneys are
unable to perform this function 1s called renal dialysis. Dalysis works on the prnnciple of kidneys
although it is not as effective, efficient or thorough as the natural processes performed by the
kidneys. There are two general types of renal dialysis: haemodialysis and pentoneal dialys:s.
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Haemodialysis

Haemodialysis removes wasles
and waler by circulating bleod oulside
the body through an extemal filter,

) called a dialyzer, which consists of
;53: tubes of semipermeable membrane. In
this process, a catheter is inserted into
a blood vessel, usually in the arm. It
routes the blood circulation externally
through a machine that removes
wastes. The cleansed blood then
returns to the body through a second
Cverces " | catheter The haemodialysis machine
IR ot N Oaas consists of a pump and a container in
Fio. 15,11 m.':;mm which a network of synthelic tubes
iy made up of celiophane membrane,
called the dialyzer, is situated The blood moves into the tubes of dialyzer from the top through
blood pump. After circulating through the dialyzer, blood leaves the machine from the boltom
and transfuses (1o pour out into another vessel, to transfer to another's vein) back to the body.
On the other hand, dialysate (dialysis fluid) pour into the machine from boltom, which after
circulating around the membranous tube. leaves the machine from the top The dialysate
allracts certain substances-minerals, electrolyles, and wasle by-products—io cross the
membrane from the biood. The dialysale absorbs these substances.

Bocd Purp : 3

Capnitawy / Peritoneal dialysis
nOtwork of )
Pontoneal Penloneal dialysis involves the
dectbhiosizn: use of a natural membrane in the body,
the pentoneum, which encloses the
abdominal cavily. In this process, two
Dralysis fhust catheters are surgically inserted into
el \ the abdominal cavity that serve as the
A\ portals (any entrance) through which
S e - | dialysate enters and leaves the cavity.
e /| During circulation, when blood passes
- < through the blood capillaries within the
" Movormont of waste prochucts from pentoneum, the dialysate attracls
Flud Dl itin COOLEeS into pontonoal covrty
A T certain  molecules to cross the

drivned oul

membrane inlo the dialysate.
Fig. 15.12 Pentoneal dialysis
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15.4.5 Kidney Transplant: Process and Problems

Kidney transplantation is the surgical procedure of placing a fully funclioning kidney into a

person with chronic kidney falure

Principles of kidney transplant

The kidney graft is taken from a deceased donor
or from a relaled or unrelated person. ABO blood group
compatibility between danor and recipient s essential |t
s usual to select donor kidneys on the basss of human
leucocytes antigen (MLA) matching as this improves
graft survival. A person can live normally with just one
kidney.

Problems associated with kidney transplant

The two problems are rejection and toxic effects of
cyclosponne. These problems are usually treated
simultaneously by adding extra deses of steroids.
Patients are required 1o take medications such as
cyclosporine elc.. to suppress their immune system in
order to prevent rejection of the transplanted kidney |If
al any poinl a recpeent slops taking the medicatons,
rejection can occur; even ten of fifteen years after the
transplant.

DID YOU KNOW?

Or Adeeb Ruzvi 15 & pioneer in treating
kidnay ralated diseases o Pakistan Ha
stanted off very humbly by just a ward in
the Ciwil Hospital Karactw whare he
vealed kdnpey patents This B bedded
ward was established m 1971 and today
1 has grown into a ful-fledged institution
called Se:ndh  nstitute  of  Urology
and Transplantaton (SIUT) Dr Adecb
Rizvl, 18 recipient of many awards,
focally and internationally. Trestment at
SIUT 1§ towlly free of cost

Scionce Technology and Soclety Connections

Describe the importance of kidney donation for the benelit of kidney failure patients.

Kignay donateon s a relatively safe operation, and many donors will never feel the loss of thanr second
kidney II's the most expendable of argans. So giving up @ kidney causes no disadvantage (o your long-
term heallh In fact, studies have shown, that kidney donors aclually live longer than the general
population, because donors come from a pool of people In good health

Just think people have no problem having only one kidney, so we have to ask, why did Allah give us two
kidneys? Porhops it is 30 you would have an extra one to donate and save a e

15.5 THERMOREGULATION

Thermoregulation is defined as the maintenance of internal temperature within a range
that allows cells to function efficiently. The body works to balance the amount of heat loss 1o
maintain a stable internal temperature Temperature colder or warmer than the enzymes
optimum range, changes the shape of the active site and causes chemical reaction to stop,
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15.5.1 Classification of Animals on The Basis of Temperature

Animals can be classified based upon ability lo maintain constant body lemperature
as poikilotherms and homeotherms. Poikilotherms are all non-vertebrales, fishes,
amphibian and reptiles. These are unable 1o maintain their body temperature within narrow
limits using physiological mechanisms. Homeotherms are birds and mammals which are
able to maintain a fairly constant body temperalure by using physiological machanisms.

Animals are also classified on the basis of source of body's heal as eclotherms and
endotherms. Ectotherms animals produce metabolic heal al low level and thal is also
axchanged quickly with environmeant. They rely more on haal derivad from the environment lo
raisé thair body temperature. Examples are most invertebrates, fishes, amphibians and
reptiles, Endotherms animals produce their own body heal through heal production as by-
product during metabolsm in muscles, or by the action of hormones thal increase metabolc
rale. The axamples of endotherms are birds and mammals.

15.5.2 Thermoregulatory Strategies in Man
Tharmoregulatary centre in human body is located in the hypathalamus which acts as
thermostat. It can delect the lemperature of the blood thal passes through it and, if the

Combne Cenloy

I iDL e KT Sgn Ay infoTradion serd
oy 1P afferent Eor i b sy e aflereng
palframmy K Crelind ||.|1|I'|m-nl|. £
caraibu A Eferard - TR
Py RAI iy
Recspioim
Toempetatur MeOe T Effwciois
e o ekl B ieee Sustad [larids L
Gveral Qhanads (ke pg
Ropponiae
u.’f‘-':l.-__It E vt aflaieny o Smacil
BLrl s H'I'EIF Ehisity bk P e i ooy il
abiTRruD el
E'-':-::':c-rrq:-mnur DALANCE
[ T—— .
R
Basfy termpeatipe Fals
Buody beimperature rives, i iy b
e ME
Hearaphars
v mll i B T E e —
i i ko @l By
& Fevent AP grard
Sruvpreng g e FTHEE T
e rrutiecen. sant o o e o T st 387
wong e eteren Alon b nEs e
paiFrevdy B #focioeg godtramy 1o cdn
Conirel Canisr P
([t rrarahmguikaley
rEeyime n brsn |

Fig. 15,13 Thafmaoraguintion in human



S~ 15 Homeostasis

tamperature increases or decreases even shghlly. the hypothalamus initiates corrective
responses such as sweating or shivering. When we encounler a particularly warm or cold
environmen!, lemperalure receplors i the skin inform the hypothalamus. They also stimulate
the higher. voluntary centres of the brain, This means that we ‘feel' changing our clothing or
tuming the heating up or down. Often, this behavioural response corrects the situation wathout
the need for any physiclogical response.

Hyperthermia s the body temperature above 37°C. There are two man physiological
responses to heal, vasodilaton and sweating. Vasodilation is the expansion of blood
capillanes which he just beneath the epidermis of the skin So there 1s more flow of the blood In
tlood capitlanes of the skin. Sweat glands spread sweat oveér the skin. Evaporation of sweat
from the skin carmes heat from the blood thus produces cooling effect.

Physiological responses to cold

Spasmodic contraction of the muscles is called shivering. This contraction produces
heat which helps to raise the bady temperature Vasoconstriction reduces bilood flow to the
skin. Piloerection iterally means “erection ol skin hair™ It traps air in the erected hair which
is insulator for the heat Increased metabolic rate is also a physioiogical response to cold

PR Acivty

Construct a llowchan that diustzates how wastes are removed by the kedaeys.

.:
Rl ecorine |
O | [N

1. Select the correct answer
(1) Excretion of hypotonic urine i humans is associated best with the
{A) glomerular capsule (B) proximal convoluted tubule
(C) loop of the Henle (D) distal convoluted tubule

()  The walls of the --—————————- are made more or less permeable to waler. depending
on the need 1o conserve water.

{A) ureter (B8) urethra
{C) fibrous capsule D) cellecting duct
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(1)

(iv)

(v)

(vi)

(vir)

(viil)

(1x)

(x)

Which of the following will cause a decrease in ADH production?

{A) dehydration (B) an increase in osmotic pressura of blood
{C) dnnking water (D) abnormally low blood pressure.

The function of glomerulus and Bowman's capsule of the nephron is to

(A) reabsorb water into the blood  (B) eliminate ammonia from the body
(C) reabsorb salits and amino acids. (D) filter the blood and capture the filtrate

In man, glucose 15 present in blood plasma bul not in urine. This is because glucose
molecules are

{A) actively transported from the proximal convoluted tubule 1o blood capillanes
(8) oxudised to supply energy for ultrafiltration
{C) stored in the kidney (D) too large to enter Bowman's capsule

Ewidence for glomerular filtration in the kidney could be obtained by comparing the
sizes of the molecules present in Bowman's capsule with those in the

{A) afferent blood vessel (B) collecting duct
(C) loop of Henle (D) proximal tubule

The site and principal mechanism for the passage of glucose into the bloodstream in
the human kidney is the

{A) collecting duct, by active secretion (B) glomerulus, by selective reabsoption
(C) glomerulus, by ultrafiltration
(D) proximal convoluted tubule, by selechive reabsorpion

A drug reduces milochondnal activity in kidney nephrons. Which chemical will be
present in increased amounts in the unne?

(A) ammonia (B) glucose (C) unic acid (D) urea
The main difference between endotherms and eclotherms is
{A) how they conserve walter (B) where from they get most of their body heat

{C) whether they are warm or cold blooded
{D) whether they live on land or in the water

The water content of human blood is regulated by ADH. In which part of the nephron
does regulation occur?

(A) ascending imb of loop of Henle (B) descending imb of the loop of Henle
(C) Bowman's capsule (D) proximal convoluted tubule

! Short Questions

What are osmoregulators and osmoconformers?

Name the organs of the unnary system and write their major functions.
What is anhydrobiosis?

Describe glomerular filtration

0B WA
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6. Dascrbe the countercurrent multiphier mechanism.

7 Name the parts of a nephron and trace the blood supply to the nephron,

8 Name general processes which are invalved with urine formation?

9. Describe urninary tract infection

10 Name three unnary tract infections and bactena responsibie.,

1" What are the causes of kidney fallure?

12. By whal physical processes do solules enter or leave the blood durning dialysis?

13 Why do blood and dialysate flow in opposite direction?

14 Suggest two problems that might occur If the dialysate was pure water

15. How animals can be classified on the bases of the ability 1o thermoregulation?

16 How do blood vessels in the skin help regulate body temperalure during hot and cold
external condition?

17 Why women are more likely to acquire UT| as compared to men?

18 Write the differences between

(a) osmoregulation and osmoconformers

(b) ammonotelic and ureotelic

(c) ureotelic and uricotehcs

(d) proximal and distal convoluted tubule

(e} afferent and efferent artencles

(f} hypercalcemia and hyperuncema

(g) extracorporeal shock wave litholripsy and percutaneous nephronlitholnpsy
(h} chronic renal failure and acute renal failure
(1) pentoneal dialysis and haemodialysis

() renal cortex and renal medulia

(k) wvasedilatation and vasoconstrniction

(I) dialyzer and dialysate

;
3 Exonsive uestons

19

20
21
22.
23.
24
25.
26.

27

Describe the osmoregulatory adaptations in

{a) Freshwaler animals (b) Marine animals (c) Terrestnal ammals
Discuss relationship between excretory products and habitats.

Describe the struciure and function of human kidney.

Describe the structure of human nephron

Discuss the ‘'unne formation "and mechanism of unne concentration n man.

What are kidney stones? Discuss the causes and treatment of kidney stones?

What is renal dialysis? Descnbe the two types of renal dialys:s.

What is kidney transplantation? Descnbe principles of kidney transplant. What are the
problems associated with kidney transplant?

Whalt is thermoregulation? Classify animals on the basts of lemperature. What are the
thermoreqgulatory sirategies in man?
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