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INTRODUCTION

Welcome to the first level course in Human PhysigloNSC 221 —
Human Physiology I. This is a first year foundatide science course
that you need to be knowledgable in as a nurseuiseci provides the
foundation about how the body functions. It laye floundation for a
thorough understanding of the physiology and pdilsiplogy of body
organs, hence this course is fundamental to nuistegventions that are
evidence based.

COURSE AIM

The aim of this course is to build a solid foundatin understanding of
body functions with the purpose of helping you edfgssionals that will
develop care to meet variations in meeting nornnal abnormal body

physiology.
COURSE OBJECTIVES
At the end of this course, you should be able to:
o discuss the context of the cell as the functiomat @f the body.

e apply the understanding of the mechanisms of dyosuwi body
fluids, homeostasis and the immune process in stalaling
changes and the control of the physiological bodycess of
clients.

WORKING THROUGH THIS COURSE

The course will be delivered adopting the blend=atiing mode, 70%
of online but interactive sessions and 30% of fact&ce during
laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have hard and sofiies of course
materials, you will also have online interactivessiens, face-to-face
sessions with instructors during practical sessiorise laboratory. The
interactive online activities will be availableyou on the course link on
the Website of NOUN. There are activities and assignts online for
every unit every week. It is important that youitvihie course sites
weekly and do all assignments to meet deadlinedauodntribute to the
topical issues that would be raised for everyoneigtribution.
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You will be expected to read every module alonghwall assigned
readings to prepare you to have meaningful cortiohs to all sessions
and to complete all activities. It is importantttigau attempt all the self-
assessment exercise (SAE) at the end of every tonitelp your

understanding of the contents and to help you pecfua the in-course
tests and the final examination. You will also beected to keep a
portfolio where you keep all your completed assignis.

COURSE MATERIALS

1. Course Guide

2. Study Units

3. Text Books

4. Assignment
5. Tutorials
STUDY UNITS

This course comprises 3 modules of 14 units.

Module 1 General physiology |
Unit 1 The Cell oo 1
Unit 2 Transport across Cell membrane............. 12
Unit 3 Biologically Important Molecules

and their Functions.............coccoevvnennn. 23
Unit 4 HOMEOSaSIS .....ovvvviviiiiie e e 27
Unit 5 Nerve and Muscle Physiology................ 38

Module 2 General physiology Il

Unit 1 Body Fluids .......ccoviiiiiii 53
Unit 2 Haemostasis ........ccovvevveiii i 70
Unit 3 Immune System..........cocooeii e, 76
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MODULE 3- Respiratory Physiology

Unit 1: Components, muscles of respiration aretimnism of
breathing
Unit 2: Surfactant and compliance of the lurths, dead space,

lung volumes and capacity
Unit 3: Transport and Exchange of Gases, Oxygerhd@edioxide and
the Oxygen—  haemoglobin dissociation curve

Unit 4: Control of Respiration and Respiratdrgaptations in
Unusual Environment

Module 4 Heart and Circulatory Physiology

Unit 1 Circulatory System ............ccooiiiieinnnnn. 82
Unit 2 Cardiac Functioning .............cocevieeennnn. 87
Unit 3 Electrocardiography .............cooeoeiinnn. 94
Unit 4 Cardiac Output and Control of

Cardiac Output .......ccooviiiiiii e 103
Unit 5 Arterial Blood Pressure .............c.oooeut .o, 107
Unit 6 Circulatory Shock ... i, 118
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ASSIGNMENT FILE

In the assignment file, you will find all the ddsaof the work you must
submit to your tutor for marking. The marks you abt for these
assignments will count towards the final mark ydatan from this
course. Further information on the assignments &l found in the
assignment file itself and later in the sectionagsessment in this course
guide. Each unit is loaded with a minimum of twsigaments. In any
way, there many assignments for this course angddieer every unit.

ASSESSMENT

There are two aspects to the assessment of thisecobirst are the
tutor-marked assignments, second is a written exaton. In doing the
assignments, you are expected to apply informatiorewledge and
technique gathered during the course. The assigismemust be
submitted to your tutor for formal assessment inoatance with the
deadline agreed upon in the assessment file. Thr& yau submit to
your tutor for assessment will count for 50% of y¢etal course mark.
At the end of the course, you will need to sit fiomal written

examination of two hours duration. This examinatiah also count for
50% of your total course mark.

PRESENTATION SCHEDULE
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Your course materials have important dates for éady and timely
completion and submission of your TMAs and attegdinorials. You
should remember that you are required to submitaallassignments by
the stipulated time and date. You should guardregdalling behind in
your work.

TUTOR-MARKED ASSIGNMENTS (TMA)

There are marked assignments in this course. Yeueacouraged to
submit all except any counter directive from youtot, in which the
best require number, will be counted. Make suré da&h assignment
reaches your tutor on or before the deadline ginghe assignment file.
If for any reason you cannot complete your worktiore, contact your
tutor before the assignment is due to discuss t&sipility of an
extension. Extension will not be granted after due date unless there
are exceptional circumstances.

FINAL EXAMINATION AND GRADING

The end- course- examination will be for three lsoamd it has a value
of 70% of the total course work. The examinatiorll wbnsist of
questions, which will reflect the type of self-iegt practice exercise
and tutor-marked assignmenproblems you have previously
encountered. All areas of the course willdssessed.

You are to use the time between finishing the ast and sitting for the
examination to revise the whole course. You mightseful to review
your self-test, TMAs and comments on them before élkamination.
The end- of- course examination covers informafiom all parts of the
course.

COURSE MARKING SCHEME

Table 1: Course Marking Scheme
Assignments Marks
Assignments 1-4 FOMAS, best three marks of

the four count at 10% each
30% of course marks.

End of course examination 70% of allerourse marks.

8
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Total 100% of course materials.
COURSE OVERVIEW
Human Physiology (1)

Physiology is the scientific study of how the boslgrks under normal
conditions or in a state of good health. It dessilhow cells operate,
how they combine their functions in specific orgaaad how these
organs work together to maintain a stable envirartnreside the body.
Physiology is the functional basis of the healtlersces, because most
disease states are the result of disturbancesysfgbgical processes. A
basic knowledge of physiology is therefore esseéritia all students
whose professional careers will involve aspecthedlth and patient
care. Physiology is also one of the key subjectbiamedical science
and continues to be at the forefront of biomediedearch. Human
Physiology (1) is the first of two courses that sun the second year of
your programme. This course covers the cell phggwl the
maintenance of homeostasis, muscle functioninginimeune processes.
Respiratory physiology, heart and circulatory pblsjyy

HOW TO GET THE MOST FROM THIS COURSE

Read and understand the context of this courseedgimg through this
course guide. Paying attention to details. You musbw the
requirements before you will do well.

Develop a study plan for yourself.

Follow instructions about registration and mastgreetations in terms
of reading, participation in discussion forum, evfdunit and module
assignments, laboratory practical and other dwestigiven by the
course coordinator, facilitators and tutors.

Read your course texts and other reference texthook

Listen to audio files, watch the video clips andchsudt websites when
given.

Participate actively in online discussion forum andke sure you are in
touch with your study group and your course co@ttin

Submit your assignments as at when due.
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Work ahead of the interactive sessions.

Work through your assignments when returned to aod do not wait
until when examination is approaching before resghany challenge
you have with any unit or any topic.

Keep in touch with your study centre, the NOUN, &udhof Health
Sciences websites as information will be providedtinuously on these
sites.

Be optimistic about doing well.
FACILITATORS/ TUTORS AND TUTORIALS

There are 12 hours of tutorials provided in suppdrthis course. You
will be notified of the dates, times and locatioh tbese tutorials,
together with the name and phone number of yowr tais soon as you
are allocated a tutorial group. Your tutor will rkaand comment on
your assignments, keep a close watch on your psegamd on any
difficulties you might encounter and provide assise to you during
the course. You must mail your TMAs to your tutazlMbefore the due
date (at least two working days are required). TWwalybe marked by
your tutor and returned to you as soon as possibtenot refuse to
contact your tutor by telephone, e-mail or direistdssion if you need
help. The following might be circumstances in whigbu would find

help necessary. Contact your tutor in case:

1. You do not understand any part of the studysumi the assigned
readings

2. You have difficulty with the self-tests or ezises

3. You have a question or problems with an assegrijmwith your

tutor's comments

You have a question or problems with an assignnveittt your tutor’s
comments.

On an assignment or with the grading of an assigiipeu should try
your best to attend the tutorials. This is the artiynce to have face
contact with your tutor and to ask questions whate answered
instantly. You are free to raise any problem entengd in the course of
your study. To maximise the benefit from courseotiats, prepare

10
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question list before attending them. You will leaind gain a lot from
participating in discussions group actively.

11
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MODULE 1

INTRODUCTION

The human body is made of several cells that perfoasic functions
that sustain life. Different types of cells aggregt form organs that
ultimately perform different functions. While diffent organs perform
different functions, the body must function in hamy. This module
covers cell functioning and body's methods of acimg harmony
through homeostasis.

MODULE OBJECTIVES

At the

Unit 1
Unit 2
Unit 3
Unit 4
Unit5

end of this module, you should be able to:

discuss how the cell performs the various functions

discuss how the plasma membrane performs its fumti
discuss how the body sustain homeostasis with iboritsn from
the different body systems.

The Cell

Transport across Cell Membrane

Biologically Important Molecules and their Functson
Homeostasis

Nerve and Muscle Physiology

UNIT1 THE CELL

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content

4.0
5.0
6.0
7.0

14

3.1 Organisation of the cell
3.2 Cell Structure

3.3 Cell or Plasma Membrane
Conclusion

Summary

Tutor- Marked Assignment
References/ Further Reading
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1.0 INTRODUCTION

The basic living unit of the body is the cell. Eamigan is an aggregate
of many different cells held together by interckliu supporting

structures. Each type of cell is specially adapoegerform one or a few
particular functions. For instance, the red bloallsc numbering 25

trillion in each human being, transport oxygen fréme lungs to the
tissues.

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

explain the organisation of the cell

explain 3 different substances that make up the cel

give detailed explanation of the cell structure

draw a typical cell showing the organelles in tlygoplasm and

the nucleus.

o explain the functions following concepts- (a) Nude (b)
Cytoplasm (c) Endoplasmic reticulum and Ribosont)sQolgi
apparatus (e) Mitochondria (f) Centrosome (g) Lysoss

o describe the cell or plasma membrane.

3.0 MAIN CONTENT

3.1 Organisation of the Cell

The cell has two major parts namely the nucleusthaaytoplasm. The
nucleus is separated from the cytoplasm by a nuoteanbrane, and the
cytoplasm is separated from the surrounding fliogs cell membrane,
also called the plasma membrane. The differenttaobss that make up
the cell are collectively called protoplasm. Prdésm is composed
mainly of five basic substances: water, electralyfgoteins, lipids, and
carbohydrates.

The Protoplasm

Water

The principal fluid medium of the cell is water, i is present in most
cells, except for fat cells, in a concentration 7@ to 85%. Many
cellular chemicals are dissolved in the water. &thare suspended in
the water as solid particulates. Chemical reacttaks place among the

15
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dissolved chemicals or at the surfaces of the gk particles or
membranes.

Electrolytes (lons)

The most important ions in the cell are potassiumagnesium,

phosphate, sulfate, bicarbonate, and smaller giemntof sodium,

chloride, and calcium. The ions provide inorgartiemicals for cellular

reactions. Also, they are necessary for operaticsome of the cellular
control mechanisms. For instance, ions acting etctfll membrane are
required for transmission of electrochemical impslsn nerve and
muscle fibers.

Proteins

After water, the most abundant substances in meli are proteins,
which normally constitute 10% to 20% of the cellsnaThese can be
divided into two types: structural proteins anddtional proteins.

Lipids

The biologically important lipids are the fatty dsj triglycerides,
phospholipids and sterols. Fatty acids can be atuiror unsaturated
while phospholipids are found in cell membranes nehthey act as a
structural component. Fatty acids also serve asnaortant source of
energy in the body.

Carbohydrates

Carbohydrates are organic molecules made up ofl @quaunts carbon
and water. They perform both structural and fumalaoles. They also
help in cell signaling. They are a very importamiise of energy in the
body.

3.2 Cell Structure

The cell is not merely a bag of fluid, enzymes, ahémicals; it also
contains highly organised living structures, calladtracellular
organelles. The physical nature of each organslsiimportant as the
cell’'s chemical constituents for cell function. Fastance, without one
of the organelles, the mitochondria, more than @%e cell’'s energy
release from nutrients would cease immediately. Mot important
organelles and other structures of the cell arevahio Figure 1.1.

16
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Fig.1.1: A Typical Cell, Showing the Organelles irthe Cytoplasm
and the Nucleus

Nucleus

The nucleus, shown in Figure 1-2, is usually a gphk organelle,
though its shape may vary in some cells. It ismurded by a membrane
called nuclear membrane. The nuclear membrane dwasled layer and
the two layers are fused at some points to prodwodear pores which
are thought to allow molecules pass between thiens@nd cytoplasm.
There is a smaller spherical structure within thieleus, the nucleolus.
The fluid contained within the nucleus is calledcleoplasm to
differentiate it from the fluid in the rest of tieell which is referred to as
cytoplasm. The nucleus is best seen in a cell tast been stained
because the chromatin within the nucleus stainsllyivin the unstained
state, chromatin is colourless. Chromatin gives tisthe chromosomes
when a cell divides. Chromosomes are primarily cosed of
deoxyribonucleic acid (DNA). DNA is the basic sudrste for
inheritance. The second basic substance of inhegtas ribonucleic
acid (RNA) which is generally contained within thecleolus.

During cell division, genetic information containeth DNA is

transferred to RNA, which carries the genetic infation out of the
nucleus into the cytoplasm where it directs themfamtion of protein.
Thus, the nucleus is the repository of geneticrinfation for the whole
body.

17
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Fig. 1.2: Structure of the Nucleus

Cytoplasm

This is the jelly-like fluid between the nuclear mierane and the cell
membrane inside which the cell organelles are susggke The clear
liquid portion in which the particles are suspendedalled the cytosol.
Cytoplasm is mostly water but it contains elect®land about 15%
protein plus fat and carbohydrate. The cytoplasmptses about 80%
of the total weight of the cell.

Endoplasmic Reticulum and Ribosomes

There are small cytoplasmic tubules collectivelffechthe endoplasmic
reticulum. Some tubules of the endoplasmic reticulbave small,
spherical structures called ribosomes attachedh&r tmembranes.
Where these are present, the reticulum is calledgtianular or rough
endoplasmic reticulum. Other tubules are free lmdsomes. This part is
called the agranular, or smooth, endoplasmic retioy as shown in
Figure 1.3.

The tubules of the granular, ribosome-containindoghasmic reticulum
are involved in the vital processes of protein Bgsts and secretion in
the cell. A molecule of RNA is formed from the DNA the nucleus.
This RNA is known as messenger RNA (mMRNA) becausarries the
genetic message from DNA in the nucleus and pahksesgh the pores
in the nuclear membrane to enter the cytoplasm. MRNA then

becomes attached to ribosomes, where it directs fah@ation of

proteins. Once synthesised, protein enters thddsalmi the endoplasmic
reticulum. After the protein accumulates in the uiels, parts of the
tubules break off to become spherical vesiclesainimg quantities of

18
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protein. These vesicles then become part of thgi gpparatus and the
protein is eventually secreted from the cell.

The agranular endoplasmic reticulum does seem tanbelved in
protein synthesis; yet many hormones are foundcedtor these tubules.
In the cells of glands that secrete hormones, siscthe thyroid gland,
the agranular endoplasmic reticular tubules conlaige quantities of
the hormone. Smooth endoplasmic reticulum is ingdlin the synthesis
of lipid steroid hormones and, in liver cells, cains the enzymes which
catalyze glycogen breakdown.

Smooth
Endoplasmic
Reticulum

Nuclear
Pore

Nuclear
Envelope

Roug
Endoplasmic
Reticulum

Ribosomes
Fig. 1.3: Structure of the Endoplasmic Reticulum

Golgi Apparatus

The Golgi apparatus, also referred to as the Godgnplex or golgi

body, shown in Figure 1-4, appears as a colleatibriubules and

vesicles. Secretory granules are formed in the iGapgaratus. These
granules are packages of highly concentrated pro@mnce protein has
been formed by the ribosomes, it accumulates inGbkyi apparatus
where it is concentrated and may be modified amuh gpackaged into
vesicles of secretory granules. These vesicles vige the membrane
and then open up to release the protein from the@arbohydrate may
be added to the protein within the Golgi body tonfoglycoproteins.

Mucus is also formed in this area.

19
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Fig. 1.4: A Typical Golgi Apparatus and its Relatonship to the
Endoplasmic Reticulum (ER) and the Nucleus

Mitochondria

The mitochondrion, shown in Figure 1.5, is called tpowerhouse” of
the cell. Without the mitochondria, cells would beable to extract
enough energy from the nutrients, and essentidlllgelular functions
would cease. In the mitochondria, the very impdrtaompound
adenosine triphosphate (ATP) is formed. ATP is daidbe a high

energy phosphate compound because, when it sgfita phosphate
molecule to become adenosine diphosphate (ADP)rggnie made
available to the cell. This energy is used for theious cellular
processes, such as the contraction of a muscle cell

Mitochondria are found in varying numbers in alclaated cells. They
may be distributed evenly throughout the cytoplasnconcentrated in
areas of high energy requirement; for example theybetween the
fibrils of muscle fibres where they produce endigycontraction.

Each mitochondria is bounded by a smooth outer mangbwhich is
separated by a small space of about 8nm from &doiliher membrane.
These folds are called cristae and they are studdtdminute particles.
The inner and outer membranes, the space betwesn the membrane
bound particles and the inner matrix contains eresymAll of the
enzymes which break down nutrient substances imtoon dioxide and
water, together with the enzymes which enable thester of released
energy to stable highnergy compounds are present within the
mitochondrial structure. Virtually all of the cdl’ highenergy

compounds are synthesised within the mitochondria.
20
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Mitochondria can increase its own number by repkatdfreplication.
This occurs when there is need for increased ams@mfraTP in the cell.
Mitochondria contain deoxyribonucleic acid (DNA)mslar to that
found in the nucleus. The DNA of the mitochondridike that in the
nucleus, controls its replication.

ATP synthase particles

inter membrane space

Aibosome {:HH

Inner memkbrane
e Cuter membranea
DA

Fig. 1.5: Structure of Mitochondria

Centrosome

The centrosome contains two centrioles. They leselto the nucleus.
At the beginning of cell division, the two centesldivide, thus forming
four centrioles, one pair goes to one end of thieacel the other pair to
the opposite end. The centrioles function to plodl thromosome pairs
apart. In this way, one set of chromosomes goeméoside of the cell
and the other set to the other. When the cell dsjidéach new cell has a
complete set of chromosomes.

Lysosomes

Lysosomes are vesicular organelles that form bglong off from the

Golgi apparatus and then dispersing throughoutyb@plasm. When a
cell engulfs bacteria, the bacteria come in conteith the lysosomal
enzymes, which then destroy them. When a cell dfes,lysosomal
membrane disintegrates and the enzymes are freact tn the cellular
debris to digest it. Hence, lysosomes are ofteermred to as suicide
bags. Hence, lysosome functions as a form of digeslystem for the
cell. Each lysosome is filled with large numbersofall granules which
are protein aggregates of hydrolytic (digestivegyemes. The main
substances liposomes digest are proteins, carbategdiipids.

21
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Peroxisomes

Peroxisomes are also small membraonand bodies which are similar
in appearance to lysosomes. They contain cataldsehwauses the
breakdown of hydrogen peroxide. The peroxisomes lonene contains
some peroxisome — specific proteins that are comckrwith the
transport of substances into and out of the mafrbke peroxisome. The
matrix contains more than 40 enzymes and thesenewyperate in
concert with other enzymes outside the peroxidasatalyze reactions,
including the catabolism of very long chain fattyds.

3.3 Cell or Plasma Membrane

The membrane that surrounds the cell is callecc#lienembrane. It is
also referred to as the plasma membrane. Figunewssthe structure of
the cell membrane. The cell membrane is composénaply of
membrane protein and lipid and is about 7.5 nm AR§strom units)
thick. They are semi permeable allowing some sulos& to pass
through and excluding others. The major lipids ih@spholipids and
the approximate composition of the cell membranprateins, 55 per
cent; phospholipids, 25 per cent; cholesterol, &3qent; other lipids, 4
per cent; and carbohydrates, 3 per cent. The aataepbdel concept of
the structure of the cell membrane is that of adflmosaic model.
According to this concept, the lipid bilayer is form of a fluid and
membrane protein mostly lipoprotein and glycopmtewhich are
loosely attached and embedded in a bilayer matrix.

Figure 6 also shows globular masses floating inlifié bilayer. These
are membrane proteins, most of which are glycoproféhe protein

components of the cell membrane are of two mairegypntegral

proteins and peripheral proteins. Integral protpass all the way
through the cell membrane, whereas, peripherakprare attached to
the outside or inside of the cell membrane. Thegrdl protein provide
pathway through which the water soluble substanifesés through the
extra and intracellular fluid. The peripheral pmtdunctions almost
entirely as enzyme. The membrane lipid makes uprtagix that give

the shape and structure to the cell membrane arakdshed in this
matrix are the membrane proteins. All membrane aorphospholipid

and glycolipid which are amphipathic in nature @ess two coat).

The lipids are characerised by having hydrophobe laydrophilic ends.
The hydrophilic end of the bi-lipid molecule arepeé by water but
attracted to each other, as shown in Figure 6. Man® lipids are
almost impermeable to water and water soluble aunlss such as ions,

22
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glucose, urea, etc. while lipid soluble substarstesh as oxygen, carbon
dioxide, alcohol can penetrate easily.

The proteins in the cell membrane carry out mamgfions. They serve
as:

(1) Pumps which are actively involved in transportiogs across the
membrane e.g. NaK* pump.

(2) Carriers transporting substances down the electrodal
gradient by a process called facilitated diffusion.

(3) lon channels which when activated permit the pass#Hgions
into or out of the cell.

(4) Receptors that bind neurotransmitter and hormorigating
physiological changes inside the cell.

(5) Enzyme catalysing reaction at the surface of thenbrane

(6) Antigen and antibodies, the antigenic propertiestieé cell
depend on the protein outside.
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‘ Lipid
pdlayer
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protean
Intracellular
fuid
Cytoplasm
\ Integral protein
Fig. 1.6: Structure of the Cell Membrane
SAE:
Explain the organisation of the cell
2. Explain 3 different substances that make upcéle
3. Give detailed explanation of the cell structure
4. Draw a typical cell showing the organelles ie ttytoplasm and
the nucleus.

23



NSC 104 COURSE GUIDE

5. Explain the following concepts- (a) Nucleus @yoplasm (c) 6.
Endoplasmic reticulum and Ribosomes (d) Golgi apioa (e) 6.
Mitochondria (f) Centrosome (g) Lysosomes

6. Describe the cell or plasma membrane

4.0 CONCLUSION

The cell is the basic unit of life with many struts organised to
perform different functions that keep the cell aliv

50 SUMMARY
In this unit, you have learnt that:

The cell has two major parts, the nucleus and tjteptasm with
different substances all called protoplasm. Théiseghade up of many
structures and substances that perform diversdifursc The important
parts of the cell that perform different functianslude the Nucleus, the
cytoplasm, the endoplasmic reticulum and Ribosontéeg, Golgi
apparatus, the Mitochondria, Centrosome, the logs@s to mention a
few. You have also learnt that the cell or plasnmeamorane made up of
protein and lipid perform about six listed functson

6.0 TUTOR- MARKED ASSIGNMENT

Activity

Check this https://www.youtube.com/watch?v=kV1r2dwl
Checking Youtube, pick the video that best helps garn about
the cell and its functions and share the infornmatiath your
colleagues in the discussion forum online

7.0 REFERENCES/ FURTHER READING
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UNIT 2 TRANSPORT ACROSS CELL MEMBRANE
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Simple Diffusion
3.2  Facilitated Diffusion
3.3  Active Transport
3.4  Secondary Active Transport
3.5 Osmosis
3.6  Endocytosis
3.7  Exocytosis
3.8 Solvent Drag
4.0 Conclusion
5.0 Summary
6.0  Tutor -Marked Assignment
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1.0 INTRODUCTION

No cell is an island and life is only possible bhesm several cells that
make up the various organs of the body communicitesre is
movement of substances across the cells and tligiigated through
various media. In this unit, you are going to leabout how solutes and
solvents are transported across the cells.

2.0 OBJECTIVES

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

explain the following concepts in details
simple diffusion

facilitated diffusion

active transport

secondary active transport

0Smosis

endocytosis

exocytosis

solvent drag.
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3.0 MAIN CONTENT
3.1 Simple Diffusion

This is the movement of the molecules of a substdram a region of
higher concentration to that of lower concentratidimis movement
continues until the molecules are evenly distridute the two regions,
as demonstrated in Figure 1-9. It involves the moset of substances
down their concentration gradient; it is a pasgwecess that is it does
not require energy. It is not carrier mediated.ddes not display
inhibition, either competitive or not. It is nottseable.

Molecules of dye -Membrane (cross section) (a) Diffusion of one solute
A
\ : ] !
- -h-h"'i._ -
Ry I l
— TWATER | —— ~ — -
4 ! |
— T s b

(b) Diffusion of two solutes

5 . :I Q

- — l_
%5 | @ e

. . . o
-0 —> 20l gl = g &
—7 Q - 7 -~—_0

ro e |V 9 i |

L Eauilirium
Fig. 2.1: Movement of Molecules by Simple Diffusion

3.2 Facilitated Diffusion

This is a carrier mediated transport and it invehame transport
proteins that transport substances of larger mtdscacross the cell
membrane. (Figure 1-10). It transports substancesvnd their
concentration gradients, thus it also is a pasgieeess. It is saturable
and exhibits the characteristics of inhibition eitltompetitive or non-
competitive. A typical example of facilitated diffion is the glucose
transport by glucose transporters which move glecaswn the
concentration gradient from extracellular fluid antytoplasm of the
cell.
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L 2 T

AR

protain carrlers in the plasma membrane: the diffusion process and does not the membrane, Protein carriers transport
require energy. only cartain molecules across the mem-
| | Dbrane but will take them in either direction

down their concentration gradients,

Particular molecules can bind to special ] [ The protein carrier helps (facilitates) ] The molecule is released on the far side of

Fig. 2.2: Movement of Molecules by Facilitated Difision using
Carrier Protein

3.3 Active Transport

As the name implies it is an active process thguires energy. It
transports substances against the concentratialiegtalt is also carrier
mediated and saturable. It exhibits the charatiesisf inhibition either
competitive or non-competitive. Energy that isiséitl for this transport
is obtained from adenosine triphosphate (ATP) hiydie. A typical
example of active transport is the transport ofiwodion out of the cell
against its concentration gradient and the acti&esport of potassium
ion into the cell against its own concentrationdigat by the Na- K*
pump (Na- K* ATPase). For every, Ngumped out by this pump, 2K
IS pump in.

Figure 1-11 shows the basic physical componentseoN&-K* pump.
The pump consists of a carrier protein which isomplex of two
separate globular proteins, a larger one havingokecular weight of
100,000 and the small one has molecular weigh6d@@30. Though, the
function of the smaller one is not known. The larngeotein has specific
features that are very important for the pump.
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Fig. 2.3: Mechanism of the Sodium-Potassium PumpADP,
Adenosine Diphosphate; ATP, Adenosine Triphosphate; Pi,
Phosphate lon.

3.4 Secondary Active Transport
Classes of Transport Protein

Some transport protein are uniport because thaysp@t only one
substance, others are called symport becauseahsptrt requires the
binding of more than one substance to the trangpotein and then the
substances are transported across the membrameplexaf symport, is
a carrier protein in the intestinal mucosa thatesponsible for the co-
transport of sodium ion and glucose from the imeastmucosa into the
mucosa cells, other transporter are called antlpechuse they exchange
one substance for the other. The"N&K*™ ATPase is a typical example
of an antiport. It moves three Naut of the cell in exchange for each
two K* that is moved into the cell.
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Uniporter Synporter Antiporter

A A B A

\/

Fig. 2.4: Classes of Transport Protein

Secondary active transport is a carrier mediatadsport that involves
the binding of two types of substance to the bigdsite of the carrier.
The carrier then transports both substances inuboobthe cell as the
case maybe. One of these substances is transpaded its
concentration gradient, while the other is trantgbragainst its
concentration gradient. The latter substance iaghdragged along by
the former substance as it moves down its condanirgradient. The
driving force for this type of transport is supgdly the concentration
gradient of one of the substances but not by ATis Type of transport
is also called Na co- transport.

Glucose and many amino acids are transported imst @wells against
large concentration gradients; the mechanism & ithientirely by co-

transport, as shown in Figure 1-13. Sodium co-frariof glucose and
amino acid occur especially in the epithelial adllthe intestinal tract
and renal tubule to aid in the absorption of theglestances into the
blood. A typical example of sodium co-transpord&monstrated in the
transport of glucose into the epithelial cellsrigithe small intestine by
a synport. Present in the luminal brush border nram# of the small

intestine is a synport that transport glucose th® cell following the

binding of Nd to that carrier. The Nais transported down its
electrochemical gradient while the glucose is fpanted against its
concentration gradient. The electrochemical gradi¢sodium provides
the driving force for the transport of glucose nooles. Thus, the
sodium drags the glucose to transport across theshbrborder

membrane. The electrochemical gradient of sodiumamtained by the
Na"- K* pump.

30



NSC 221 COURSE GUIDE
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Fig. 2.5: Postulated Mechanism for Sodium Co-Transpt of
Glucose

3.5 Osmosis

This is process of diffusion of solvent moleculenfr a region where
there is higher concentration (low solute concdimind to a region
where there is lower concentration (higher solaiecentration) across a
semi-permeable or selectively permeable membrare. give an
example of osmosis, let us assume the conditioowrslin Figures 1-14
& 1-15, with pure water on one side of the cell nbeame and a solution
of sugar and sodium chloride on the other side. Waesubstance is
dissolve in water the concentration of water moledn the solution is
less than that of pure water of equal volume. df $blution is placed on
one side of the membrane that is permeable to vesiernot to solute
and an equal volume of water is placed on the atitey, water molecule
diffuse down their concentration gradient into Hudution. This process
of diffusion of solvent molecule to a region in whithere is a higher
concentration of solute to which the membrane igammeable is called
0Smosis.
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* Water @ Sugar
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Fig. 2.6: Demonstration of Osmotic Pressure causdsy Osmosis at
a Semipermeable Membrane
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Fig. 2.7: Osmosis at a Cell Membrane when a Sodiu@hloride
Solution is placed on One Side of the Membrane andlVater is
placed on the Other Side

The tendency for movement of solvent molecule teggon of a greater
solute concentration can be prevented by applyipgessure to the mole
concentration solution. The pressure necessary revept solvent
migration is the osmotic pressure of the solutibime osmotic pressure
depends upon the number rather than the type t€leain solution.

The term tonicity is used to describe the osmglalitsolution relating
to plasma, solutions that have the same osmoladitglasma are said to
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be isotonic, those with higher osmolality are ahlieypertonic, while
those with lesser osmolality are said to be hypotdiigure 1-16).
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Fig. 2.8: Effects of Isotonic, Hypertonic, and Hyptonic
Solutions on Cell Volume

3.6 Exocytosis

This is the process of extrusion of substancesobuie cell. Proteins
that are secreted by the cell moves from the eldopl reticulum to
the Golgi apparatus, and from the trans-golgi they extrude into
secretory granules or vesicles. These granules indveell membrane.
Their membrane then fuses with the cell membrarc the area of
fusion then breaks down. This leaves the contenthefgranules or
vesicle outside the cell while the cell membranmams intact. This
extrusion process required calcium ion and energy.

3.7 Endocytosis

It is the process of ingestion of substances byc#ile It is the reverse of
exocytosis. There are two types of endocytosis,sehenclude
phagocytosis and pinocytosis. Phagocytosis (ceihgris the process
by which bacteria, dead tissue or other particlesble under the
microscope are engulfed by cells such as the palyghomuclear
leukocytes. The material makes contact with thé roeimbrane which
then invaginate leaving the engulf material in thembrane enclosed
vacuole while cell membrane remains intact.
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Phagocytosis occurs in the following steps:

a. The cell membrane receptors attach to the surfgeads of the
particle.

b. The edges of the membrane around the points o€hattant
evaginate outward within a fraction of a seconduoround the
entire particle; then, progressively more and morembrane
receptors attach to the particle ligands.

C. Actin and other contractile fibrils in the cytopmassurround the
phagocytic vesicle and contract around its outgeegdushing the
vesicle to the interior.

d. The contractile proteins then pinch the stem of ¥lsicle so
completely that the vesicle separates from the malmbrane,
leaving the vesicle in the cell interior in the samway that
pinocytotic vesicles are formed.

Pinocytosis means ingestion of minute particleg tban vesicles of
extracellular fluid and particulate constituentside the cell cytoplasm.
Pinocytosis is essentially the same process likegpbytosis, the only
difference begin that the substances ingestednaselution and hence
not visible under the microscope. Pinocytosis is tnly means by
which most large macromolecules, such as mostipratelecules, can
enter cells.

Figure 1-17 demonstrates the successive stepsioéytosis, showing
three molecules of protein attaching to the memdrdimese molecules
usually attach to specialised protein receptorstton surface of the
membrane that are specific for the type of protieat is to be absorbed.
The receptors generally are concentrated in smtdl gn the outer
surface of the cell membrane, called coated pitsti@ inside of the cell
membrane beneath these pits is a latticework aifléib protein called
clathrin, as well as other proteins, perhaps inolydcontractile
filaments of actin and myosin. Once the protein enoles have bound
with the receptors, the surface properties of doallmembrane change
in such a way that the entire pit invaginates irdyand the fibrillar
proteins surrounding the invaginating pit causeébdsders to close over
the attached proteins as well as over a small amotiextracellular
fluid. Immediately thereafter, the invaginated pmrtof the membrane
breaks away from the surface of the cell, formingireocytotic vesicle
inside the cytoplasm of the cell.
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Fig. 2.9: Mechanism of Pinocytosis

Solvent Drag

When solvent is moving in one direction (bulk flowhe solvent tends
to drag along some molecules or solutes in thacton, this force is
called solvent drag. In most situations in the haty effects are very
small.

SAE
Distinguish between simple and facilitated diffusio

a. Explain the Sodium-potassium pump
b. Explain the relevance of the knowledge of osmasihé nurse.

4.0 CONCLUSION

Transportation of materials across cells is madssipte through
diffusion, osmosis and active transport using déife media.

5.0 SUMMARY

In this unit you have learnt that the various medtras utilised by the
body include simple diffusion, facilitated diffusip active transport,
secondary active transport, osmosis, endocytosigyosis and solvent
drag. The various mechanisms allow for exchandiwf, minerals and
molecules across cells.

a. Solvent drag
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6.0 TUTOR- MARKED ASSIGNMENT
Activity — check these:

https://www.youtube.com/watch?v=w3_8FSrqc-I
https://www.youtube.com/watch?v=U9ZfowGuLfk
https://www.youtube.com/watch?v=zuNMVzTeCtw
https://www.youtube.com/watch?v=mzo_B5F7pk4
http://www.differencebetween.net/science/differebe¢éween-
exocytosis-and-endocytosis/
http://www.differencebetween.net/science/differebe¢éween-
pinocytosis-and-phagocytosis/
https://www.youtube.com/watch?v=SSS3EtKAzYc
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UNIT 3 BIOLOGICALLY IMPORTANT MOLECULES
AND THEIR FUNCTIONS
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1.0 INTRODUCTION

The body needs digested nutrients to provide eneegyled to perform
functions and amino acids for body building andaiegp The nutrients
in various forms are transported as small molecofesomplex organic
chemicals either as broken down carbohydrates.ejm®t lipids and
other forms. In this unit you will be introducedttee small molecules of
these nutrients in the forms that they are absorbed

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

describe carbohydrates

explain the three main classes of carbohydrates
discuss the major types of proteins

describe lipids

describe nucleic acids.

3.0 MAIN CONTENT

3.1 Carbohydrates

Carbohydrates are organic compounds made of catbainipgen, and
oxygen atoms. Carbohydrate are made of monosadehgsimple
sugars molecules) linked together. Their functisrta provide a key
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source of energy for cells. An example is starcadenof many linked
glucose molecules. Carbohydrates are divided imteet main classes:
(i) monosaccharides (ii) disaccharides (iii) potyd@arides.

Monosaccharides

Monosaccharides are simple sugar unit with a géf@mraula (CHO)N.
The ‘n’ ranges between 3 and 9. Monosaccharideslasaveet, small
crystalline molecules. They are readily solublewater and are all
reducing sugars. They are classified on the bakithe® number of
carbon atoms: trioses (3 carbons), tetroses (4onyrtpentoses (5
carbons). The most common are pentoses and hexddest
monosaccharides are metabolic energy sources awdssas building
blocks for the synthesis of other macromolecules.

Disaccharides

They are formed when two monosaccharides combineohgiensation.
The bonds formed between the two monosaccharidés asa result of
condensation is called a glycosidic bond. Theresaseral examples of
disaccharide, but the most common are maltoseydaand sucrose.

Polysaccharides

These are made by joining several monosaccharidg iney function
mainly as food and energy stores e.g. starch aydogén or as
structural material e.g. cellulose. They are noeetwnon-crystalline,
either slightly or insoluble in water.

3.2 Proteins

Proteins are macromolecules with molecular weiglit several
thousands. They are compounds containing carbadroggn, oxygen,
nitrogen, sulphur. There are two distinct typespadtein: (1) Fibrous
proteins (2) Globular proteins.

Fibrous Proteins

Fibrous proteins are insoluble in water and arespajly tough. This
property enables them to play a structural rola gell. Major examples
of fibrous proteins

(@) Collagen: This is found in bones, skin, tendon eadilage. This
is the most abundant protein in invertebrates andsually
contains three very long polypeptide chains, ead about
1,000 amino acids.

(b) Keratin: This is found in the outermost layer lod skin and hair,
scales, hooves, nails and the feathers of animiie main
function is to protect the body against the enviment.
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(© Fibrinogen: This is blood plasma protein, respolesfor blood
clotting. With the action of thrombin, fibrinoges converted into
molecules of insoluble protein called fibrin, whidbrms a
network on the surface of wounds to trap bloodscatid form
clots.

Globular Proteins

These are proteins that are soluble in water. Theye tertiary and
sometimes quaternary structures. They are folded gpherical or
globular shapes. They include immunoglobulin oriketies in the
blood, enzymes and some hormones, which are impgadrtanaintaining
the structure of the cytoplasm.

3.3 Lipids

Lipids are non-polar molecules that are not solublewater. They
include fats, phospholipids, steroids, and waxésidk functions are to
provide energy and serve an important part in thectre and
functioning of cell membranes. Some examples adisipnclude butter
(saturated fat), cholesterol (steroid) and ear (max).

3.4 Nucleic Acids

Nucleic acids are long chains of smaller molecwakled nucleotides.
Nucleic acids mainly serve the purpose of providimg organism with
its genetic blueprint and coding. Deoxyribonuclaicid (DNA) and
ribonucleic acid (RNA) are two types of nucleicdzi

SAE
a. Differentiate between the three main classes dfatgrdrates
b. How is fibrous protein different from globular pedrt

4.0 CONCLUSION

In this unit, we have learnt that carbohydrates en@idcarbon, hydrogen
and oxygen atoms metabolic energy sources and sesvbuilding

blocks for the synthesis of other macromoleculestdih on the other
hand are made up of carbon, hydrogen, oxygen,gatrosulphur while
lipids are not water soluble materials that inclddes, phospholipids,
steroids, and waxes. Nucleic acid provides basihi® genetic blueprint
and coding of the DNA and RNA.

5.0 SUMMARY
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In this unit, you have learnt that:

a. Carbohydrates are made up of three classes wbdsaoharides,
disaccharides and polysacxharides depending

b. Proteins are mainly two types, fibrous and glabproteins

C. Lipids are non-polar molecules, insoluble in @avaand include

fats, phospholipids, steroids and waxes and exanjplelude
saturated fats and cholesterol.
d. Nucleic acids

6.0 TUTOR -MARKED ASSIGNMENT
C. List two forms of lipids

Please answer the following questions:
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1.0 INTRODUCTION

The human body has a remarkable capacity for estbration. The
Greek physicianHippocrates (father of naturalism and rationalism)
commented that human body usually returns to a sta¢quilibrium by
itself and people recover from most illnesses ewihout the help of a
physician. This tendency results from the bodyitgtio detect change
and activate mechanisms that oppose it. In this yau will learn about
the concept of homeostasis, how the body systemisie\as
physiological body maintenance through feedbackhaeisms.

2.0 OBJECTIVES

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

. define homeostasis
. explain the different types of body systems thattgbute to
homeostasis

o explain the different types of feedback controlteyss that the
body uses to maintain stability.

3.0 MAIN CONTENT

3.1 Homeostasis

Homeostasis is the maintenance of a constant altenvironment in an
ever changing external environment. It comes frév@ word homeo,
which means the sameness, and stasis, that isljirggastill. This is the
maintenance of the constancy of the compositionthed internal
environment. The mechanisms which work towardsétsievement are
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called homeostatic mechanisms. Essentially albtigans and tissues of
the body perform functions that help to maintairesth constant
conditions. For instance, the lungs provide oxygerihe extracellular
fluid to continually replenish the oxygen that isify used by the cells,
the kidneys maintain constant ion concentrationf)d athe
gastrointestinal system provides nutrients. Eaayl®ystem contributes
to the homeostasis of other systems and of theeen¢ing. No system
of the body works in isolation, and the well-bewfghe person depends
upon the well-being of all the interacting bodyteyss. A disruption
within one system generally has consequences feeraleadditional
body systems. Here are some brief explanationsowf ¥iarious body
systems contribute to the maintenance of homegstasi

3.2 The Body Systems and their Contributions to
Homeostasis

Nervous System

This system is made of the brain, spinal cord, @sland receptors. The
nervous system, along with the endocrine systemeseas the primary
control center of the body. It operates at a subcions level and
controls many functions of the internal organs/|udimg the level of
pumping activity by the heart, movements of thetrgagtestinal tract,
and secretion by many of the bodys glands. Formgpte, the
hypothalamus of the brain is where the body's ftlestat” is found.
The hypothalamus also stimulates the pituitary @l release various
hormones that control metabolism and developmernthefbody. The
sympathetic and parasympathetic divisions of thevawes system
alternatively stimulate or inhibit various bodikgsponses (such as heart
rate, breathing rate, etc.) to help maintain théwpdimum levels. It also
controls contraction of muscles like the erectdirmpuscles (involved in
thermoregulation) and skeletal muscles. The nerveystem also
regulates various systems such as respiratoryr@dsmate and depth of
breathing), cardiovascular system (controls heate rand blood
pressure), endocrine organs (causes secretion bif &l oxytocin), the
digestive system (regulates the digestive tractemmnt and secretion),
and the urinary system (helps adjust renal blood #nd also controls
voiding the bladder). The nervous system is alsmlired in sexual
behaviours and functions.

Endocrine System

The endocrine system consists of glands hypothaanpituitary,

thyroid, adrenal testes and ovaries which secretenbnes into the
bloodstream. Each hormone has an effect on oneooe target tissues.
In this way the endocrine system regulates the boé#tan and

development of most body cells and body systemsieBgrowth is
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regulated by several hormones, and the endocrsterayhelps with the
mobilization of calcium and phosphate into and @iuthe bones. In the
muscular system hormones adjust muscle metaboliemergy
production, and growth. In the nervous system, loores affect neural
metabolism, regulate fluid/electrolyte balance artelp with
reproductive hormones that influence central nesveystem (CNS)
development and behaviours. In the cardiovascyktes hormones are
needed in the regulation of RBC's production, atabdb pressure.
Hormones also have anti-inflammatory effects ad a®lstimulate the
lymphatic system. In summary, the endocrine systas a regulatory
effect on basically every other body systems.

Skeletal System

It consists of all bones in the body, cartilagesl diygaments. The
skeletal system serves as an important mineratves€or example, if
blood levels of calcium or magnesium are low arel rtiinerals are not
available in the diet, they will be taken from thenes. On the other
hand the skeletal system provides calcium neededalo muscle
contractions. Lymphocytes and other cells relatingthe immune
response are produced and stored in the bone maifbes skeletal
system aids in protection of the nervous systerdoerne organs, chest
and pelvic regions in which vital organs are housed

Integumentary System

This system is composed of the skin that is thelepis, dermis and
adipose tissue, nails, hair, receptors, oil glaand sweat glands. The
integumentary system is involved in protecting lioely from invading
microbes, regulating body temperature through dwgatand
vasodilation, or shivering and piloerection, andulating ions balance
in the blood. Stimulation of mast cells also proskicchanges in
diameter of blood vessels and capillary permegbilihich can affect
the blood flow in the body and how it is regulatdd.also helps
synthesise vitamin D which interacts with calciumdaphosphorus
absorption, a factor that is very important for éogrowth and
maintenance. Hair on the skin guards entrancetlrgonasal cavity or
other orifices preventing invaders from gettingtlier into the body.
The skin also helps maintain balance by excretibwater and other
solutes. The keratinised epidermis limits fluiddarough skin, thus
providing mechanical protection against environrakhazards.

Lymphatic System

The lymphatic system is composed mainly of the lyatjg vessels,
lymph nodes, thymus, spleen and the bone marrdvaslthree principal
roles. First is the maintenance of blood and otiaty fluid volumes.
Excess fluid that leaves the capillaries when umdessure would build
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up and cause edema, but for the role of the lymplsgstem. Secondly,
the lymphatic system absorbs fatty acids and t&lges from fat

digestion so that these components of digestionad@nter directly into

the blood stream. Thirdly, the lymphatic systermi®lved in defending

the body against invading microbes, and also initmaune response.
This system assists in body maintenance such as dmh muscle repair
after injuries. It also assists in maintaining #oéd pH of urine required
to fight infections in the urinary system. The tigare the body helpers
that defend against infections and toxins absorfoech the digestive

tract. The tonsils also protect against infectientering into the lungs.

Respiratory System

The components of the respiratory system are tealavity, pharynx,
larynx, glottis, epiglottis, bronchi, bronchioleslveoli and the lungs.
The respiratory system works in conjunction witte tbardiovascular
system to provide oxygen to cells within every baggtem for cellular
metabolism. The respiratory system also removesocadioxide. Since
CQOz is mainly transported in the plasma as bicarboraats, which act
as a chemical buffer, the respiratory system alpshmaintain proper
blood pH levels a fact that is very important fenteostasis. As a result
of hyperventilation, the level of Gs reduced. This causes the pH of
body fluids to increase. If pH rises above 7.4, risults are respiratory
alkalosis. On the other hand, too much>@@uses pH to fall below 7.35
which results in respiratory acidosis. The respmasystem also helps
the lymphatic system by trapping pathogens andeptioig deeper
tissues from invading microorganisms.

Urinary System

Its main components are the kidneys, ureter, bladdd urethra. Toxic
nitrogenous wastes accumulate as urea, uric addceasatinine. The
urinary system rids the body of these wastes. #iss involved in the
maintenance of blood volume, blood pressure andctrelgte
concentrations within the blood. The kidneys pradue hormone
(erythropoietin) that stimulates red blood cellguotion. They also play
an important role in maintaining the water contehthe body and the
level of salts in the extracellular fluid.

Cardiovascular System

It consists of the heart, blood vessels and thedldhe cardiovascular
system ensures the normal functioning of other bsggtems by
transporting hormones, oxygen and nutrients to tilaewh taking away
waste products from them thereby providing allliyibody cells with a
fresh supply of oxygen and nutrients and also rengpearbon dioxide
and other toxic wastes from their surroundings. ostasis is disturbed
if the cardiovascular or lymphatic systems arefanttioning properly.
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The cardiovascular system also contains sensormdaitor blood

pressure. They are called baroreceptors. They tdébec amount of
stretch of the blood vessels and relay informati@nthe nerves to the
CNS which brings about the appropriate responsast riggulate the
blood pressure.

Muscular System

This system is made of skeletal muscles such a&pbjquadriceps, and
gastrocnemius muscles and smooth or involuntarychasssuch as
cardiac muscle, intestinal muscles and musclelseobtood vessels. The
muscular system is largely responsible for movemeosture, balance,
gait, secretion by glands and maintenance of bethperature through
heat production. It also contributes to blood ghedalance by storing
glucose in form of glycogen. Muscles also aid inving blood through

veins, protect deep blood vessels and help the Hgtip system move
lymph.

Digestive System

Its components include oral cavity, esophagus, atbmintestines, liver

and pancreas. The nutrients needed by the bodgereed from the

diet. Food is taken in by the mouth and broken dowm its component

parts by enzymes in the gastrointestinal tractdiot). The digestive

products are then absorbed into the blood acreswé#ll of the intestine

and pass to the liver via the portal vein. The slige system absorbs
organic substances, vitamins, ions, and waterateaheeded all over the
body. The liver makes nutrients available to ttssues both for their
growth and repair and for the production of energy.

Reproductive System

The main components of this system are the ovargstes, prostate,
uterine tubes, uterus, vagina and penis. The regtoet system is
responsible for the production of sperm cells anal ¢or the production
of new offspring. The sex hormones do have varieffiscts on other
body systems, and an imbalance can lead to vadisosders.

4.3 Feedback Control Systems

Negative Feedback Control

Negative feedback is the mechanism by which theybowintains
conditions within particular limits. It is a contrgystem that acts to
maintain the level of some variable within a givemge following a
disturbance. Once equilibrium conditions are restpthe stimulus that
activated the feedback loop is removed, so thatsi§ysem ceases to
function until an appropriate stimulus initiatese tfeedback process
again; that is, negative feedback systems in they bwormally are
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reversible and they come into play on demand. Téraponent of a
simple negative feedback loop include (i) a regdatariable, (ii)

sensor (or detector), (iii) controller (comparat@nd (iv) effector. Each
component controls the next component to it (Fidufg.

Various disturbances may arise within or outsides timternal

environment and caused undesirable changes inethdated variable.
The regulated variable is sensed by sensor, infi@mabout its level is
fed back to a controller (comparator), which conggsait to a desired
value (set point). If there is a difference, sigmalgenerated, which
drives the effector to oppose the changes and bitireg regulated
variable closer to the desire

@ Input: Control

Information center Output:

sent along Information sent
afferent along efferent
pathway to pathway to

recstorsener

(2 change
detected
by receptor
(5) Response of

@ ST effector feeds
: 4 back to
Produces h’b"’a influence
ghanqe "t-‘e magnitude of
in variable stimulus and

returns variable
to homeostasis

| Variable (in homeostasis)
Im,
ba,
w

Fig. 4.1: Component of a Simple Negative Feedbaclobp

A familiar example of a negative feedback contlthe thermostatic
control of room temperature. Room temperature (etgd variable) is
subject to disturbance; on a cold day, room tentpezdalls. The room
temperature is detected by a thermometer (sensothd thermostat
(controller). The thermostat is set for a cert@mperature (set point).
The controller compares the actual temperaturedffaek signal) to the
set point temperature and signal is generatedeiffthmer falls below
the latter. The signal activates the furnace (&bf@c The resulting
change in temperature is monitored by the contolend when
temperature rises sufficiently the furnace is tdro#. Such a negative
feedback system allows some fluctuation in roompterature. Effective
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communication between the sensor and effector poitant in keeping
these oscillations to a minimum.

Similar negative feedback systems maintain homseissia the body.

One example is in arterial blood pressure reguiaitiostrated in Figure

1.2. These system sensors (arterial barorecep#wes)ocated in the
carotid sinuses and aortic arch. Changes in stretche walls of the

carotid sinus and aorta, which follow from change®lood pressure,
stimulate these sensors. Afferent nerve fibers strah impulses to

control centers in the medulla oblongata. Effereatve fibers send
impulses from the medullar centre to the systerfextlfrs, the heart and
blood vessels. The output of blood by the heart rasistance to blood
flow are altered in an appropriate direction to mtein blood pressure,
as measured at the sensors within a given rangewal

Sense receptors
detect change and cause
decreased heart rate
and increased
blood vessel

/_) diameter -_-—'-'-",i

Blood pressure Blood pressure

increases above decreases toward
normal T i normal

Return
to normal

Deviation
from normal

Deviation

@ Mormal blood I

Return Pressure f

to normal y from normal
Blood pressure Q T L@ Blood pressure
increases toward

decreases below
normal normal

\ Sense receptors /

detect change and cause
increased heart rate
and decreased
blood vessel diameter

Fig. 4.2: Regulation of Arterial Blood Pressure

The control of testosterone secretion, controlad€iom ions level in the
blood, control of blood glucose by insulin and glgon, control of
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cortisol secretion by the adrenal cortex are otaeamples of the
operation of such mechanisms.

Positive Feedback Control

Positive feedback is a self-amplifying cycle in alia physiological
change leads to even greater changes in the sapwiah, rather than
producing the corrective effects of negative feettb&ositive feedback
promotes rapid change and it is often a normal @fggroducing rapid
progressive change in one direction. For examplegenva woman is
giving birth, the head of the baby pushes agairest ¢ervix and
stimulates nerve endings there. Nerve signals ar¢ ® the brain,
which, in turn, stimulates the pituitary gland teceete the hormone
oxytocin. Oxytocin travels in the blood and stintak the uterus to
contract. This pushes the baby downward, stimwjathre cervix the
more and causing the positive feedback loop to dpeeated. Labor
contractions therefore become more and more intenskethe baby is
expelled.

Variable

Uterine confractions @

!

Sensor

Pressure of fetus

on cervix
Control centre Effector
Hypothalamus Onytocin release from

posterior pituitary
|
Terminated by :

Y
Birth
Fig. 4.3: Control of Childbirth by Positive Feedba& Mechanism

It should be noted however that the overall proa&sshildbirth is a
negative feedback loop- it is a response to pregndmat terminates the
pregnancy. But within this negative feedback lothgre is a smaller
positive feedback loop that has just been descriBedeficial positive

48



NSC 221 COURSE GUIDE

feedback loops are often part of larger negatieslifi@ck loops. Other
examples of beneficial positive feedback includgmneration of nerve
signals, blood clotting and the stomach digestibprotein. Frequently,
however, positive feedback is a harmful and evée- lthreatening
process. This is because its self-amplifying nattae quickly change
the internal state of the body to something famfri's homeostatic set
point. Consider a high fever, for example. A fetregggered by infection
is beneficial up to a point, but if the body tengiare raises much above
42°C, it may create a dangerous positive feedback.|ddps high
temperature raises the metabolic rate, which m#ie$ody to produce
heat faster than it gets rid of it. Thus tempematuses still further,
increasing the metabolic rate and heat productitlh raore. This
“vicious circle” becomes fatal at approximately’dsuch temperature
are so high that they destroy the proteins thas geded to function.
Convulsion and coma are some outward signs of dhrmage. Thus
positive feedback loops often create dangerously ou control
situations that require emergency medical treatment

Feed Forward Control

Feed forward control is another strategy used tdrobsystems in the
body, particularly when a change with time is degirlt is anticipatory
in nature. A feed forward controller generates c@nds without
directly sensing the regulated variable. These canda specify the
target or goals. Feed forward control often semasdsturbance and can
therefore take corrective action that anticipatesnge. It often operates
through the feedback controllers. The moment-to-emnoperation of
the feed forward controller is “open loop” (unlikdosed loop in
negative feedback) because the regulated varitdgl is not sensed by
sensor. Examples include increased heart rate ezathing rate even
before a person has begun to exercise, flightimacand others.

SAE

I. Define homeostasis, and identify the componeftaegative
feedback loops.

. How do negative and positive feedbacks helpntaintain the
body homeostasis? lllustrate these with drawingy labeling of
examples of negative and positive feedback?

iii.  What is homeostatic imbalance? Write on twamples of how
this contributes to illness?

4.0 CONCLUSION

The principle of homeostasis allows the body tontan a state of
balance. All the systems are involved in the coogtéd process of
maintaining constancy. Homeostatic control is aobde within a
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complex process involving the receptor, the conttehtre and the
effector. Homeostatic imbalance results to diseases

50 SUMMARY
In this unit, you have learnt that:

I. Homeostasis as the ability of the body to mamteelatively
stable internal conditions even when the outsideirenment
changes on a continuous basis.

ii. All the body systems are involved in the procesattdinment of
homeostasis.

iii. The body uses negative and positive feedbacks hadfded
forward control of regulating homeostatic processeghe
body.

6.0 TUTOR- MARKED ASSIGNMENT
Activity
Watch this video clips:

https://www.youtube.com/watch?v=XZxuQo3ylll
https://www.youtube.com/watch?v=loU3IKrOYMY

Explore the use of thirst and sweat in achievingy® homeostasis,
Explore other 5 other actions of the body that cbuate to the
maintenance of the body and how you can use thenguates in
providing nursing care. Submit your findings to taéor 2 weeks after
the completion of this unit.
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UNIT 5 NERVE AND MUSCLE PHYSIOLOGY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Nerves
3.2 Muscle Contraction
4.0 Conclusion
5.0 Summary
6.0  Tutor- Marked Assignment
7.0  References/Further Reading

1.0 INTRODUCTION

We respond to our living environment through ourses. We are only
able to do this because we have a master congatinl communicating
systems, the nervous system. In this unit, yougaiag to learn more
about the typical nerve cell and how the nervescekrform their

functions. You are also going to learn about hogvribrve cells enables
the body to engage in coordinated movement ascitittdes muscle

contractions.

2.0 OBJECTIVES

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

. discuss the structure and functions of a typicavaeell
o explain the functional unit of the muscle
. discuss the mechanisms involved in muscle contmacti

3.0 MAIN CONTENT
3.1 Nerves and the Functions

Nerves/Neurons are the basic structural and funatianits of the
nervous system. They are specialised to responghigsical and
chemical stimuli, conduct electrochemical impulsemd release
chemical regulators. Through these activities, oesir enable the
perception of sensory stimuli, learning, memoryd ahe control of
muscles and glandbleurons have three principal regions: cell body,
dendrites, and axon. They vary considerably in armk shape.

52



NSC 221 COURSE GUIDE

Nucleus Dendrite

Node of Ranvier

y

P ( A 1 Schwann
- 1 2 / cell nucleus
Cell ' 4 SN—— e =
body 4 Myelinated " \
region l | / Axon

Axon
hillock Unmyelinated

region it 3
Myelin .

Fig. 5.1: Parts of a Neuron (Myelinated)

-E-rl:-!llcﬂ-d'.-

S O Tehorarins -
| , o i
i — '-_.--"H-nf_

Fuchews = e )t,l?r
el o R t ..r o
r 1 &
Tt — B s IHIIEH:-I':.... Symapta orminals
...-"' ' ) = E——
-\-\-H"\-\_
el = Gaolgl apparabus
Endoplasmic o =
(Lo T ] N y .

FAAChoriricn I."‘-\. Y Dt

.-’JJ. k‘—h“-‘l‘ Dhsncritic Branches

Fig. 5.2: Parts of a Neuron (Unmyelinated)

The cell body (Soma) is the enlarged portion ofrtkaron that contains
the nucleus. Dendrites are thin, branched proceks¢®xtend from the
cytoplasm of the cell body. Dendrites provide aepive area that
transmits graded electrochemical impulses to tiieboely. The axon is

a longer process that conducts impulses, calledrapbtentials, away
from the cell body. The origin of the axon near tedl body is an

expanded region called the axon hillock; it is hibyat action potentials
originate. Side branches called axon collateraly mvdend from the
axon.

The axon at its end is divided into terminal braxhEach terminal
branch ends in synaptic knobs or terminal buttdhg axon of a neuron
can either be myelinated or unmyelinated. The mgé#id neuron is
wrapped by Schwann cells, which form a myelin hébigs 2-1 and 2-
2). The myelin sheath envelops the axon excegteatdrminal endings
and at the Nodes of Ranvier.
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3.1.1 Resting and Action Membrane Potential

Resting Membrane Potential

When the cell is not transmitting an impulse, th@angmembrane
potential is called the resting membrane potegRMP). Also the RMP
can be defined as the inside negative potentialsacthe membrane of
cells. A resting membrane potential is due to unedistribution of ions
between the inside and the outside of the membrane.

The following phenomena are involved in establigtime cell potential.

I. By means of active transport: sodium is activelymped out of
the cell and potassium is pumped into it. So thedfcentration
in the cell is twenty times the concentration ie #xtracellular
fluid.

il. The membrane at rest is far more permeable*tth&n Nd. K*
ions diffuse out of the cell with far greater eséisan Na diffuse
into the cell.

iii.  The interior of the cell contains a high contmtion of non-
diffusible ions. Of particular importance in thiggard are
proteins, organic phosphates and organic sulphdtsms Since
the resting membrane is much more permeable’tin#n to Na,
the RMP is much closer to the K equilibrium potehthan that
of Na'.

The chief determinants of the movement of substaeoss the cell
membrane are the membrane permeability, electusabell as chemical
gradients of the ions. When the chemical and etadtforces acting on
ions are equal and opposite there is no net fluk the system is in
equilibrium.

Action Potential

This is the voltage of the cell membrane when tak membrane is
stimulated or activated. It can also be definethaspotential generated
when excitable tissue (nerve and muscle) are stitedlresulting in the
propagation of an impuls@he components of the action potential are:
latent period, depolarisation, repolarisation angpenpolarisation.
(Figure 2-3).
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Fig. 5.3: Phases of Action Potential

When a stimulus is applied to an axon, there isriaf drregular
deflection of the baseline, called stimulus artifalthe stimulus artifact
is followed by isopotential interval (latent per)atiat ends with the start
of action potential and corresponds to the timekes the impulse to
travel along the axon from the site of stimulatits the recording
electrodes.

Depolarisation Stage

At this time, the membrane suddenly becomes vesympable to
sodium ions, allowing tremendous numbers of poaivcharged
sodium ions to diffuse to the interior of the axofhe normal
“polarised” state of —90 millivolts is immediatehyeutralized by the
inflowing positively charged sodium ions, with tipotential rising
rapidly in the positive direction. This is calle@pblarisation In large
nerve fibers, the great excess of positive sodianms imoving to the
inside causes the membrane potential to actuallgrshoot” beyond the
zero level and to become somewhat positive. In semaler fibers, as
well as in many central nervous system neuronsptitential merely
approaches the zero level and does not overshdioe jpositive state.

Repolarisation Stage

Within a few milliseconds after the membrane beconteghly
permeable to sodium ions, the sodium channels hegolose and the
potassium channels open more than normal. Themd diffusion of
potassium ions to the exterior re-establishes drenal negative resting
membrane potential. This is called repolarisatibthe membrane.

The sharp rise and the rapid fall are the spikemg@t! of the axon, and
the slower fall at the end of the process is ther-afepolarisation.

After the action potential, during the recoveryipéy Na' that came in
during depolarisation and the' khat went out during repolarisation are
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brought back to their original positions. Sincesthineans moving
sodium against its concentration gradient (i.emfrio to out) and vice-
versa for K, the process involves active transport requiringrgy.
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Fig. 5.4: Characteristics of the Voltage-Gated &lium and
Potassium Channels

Changes in Excitability during Action Potential

The refractory period is divided into an absolusdractory period,

which corresponds to the period from the time thed level is reached
until repolarisation is about 1/3 complete, andetative refractory

period, lasting from this point to the start ofemftlepolarisation. During
the absolute refractory period, no stimulus, notematow strong will

excite the nerve, but during the relative refraztperiod, stronger than
normal stimuli can cause excitation. During aftepdlarisation, the
threshold is again decreased and during after-lpgbarisation it is

increased.

All-or-Nothing Principle

Once an action potential has been elicited at amytjpn the membrane
of a normal fiber, the depolarisation process tv@ver the entire
membrane if conditions are right, or it does navél at all if conditions
are not right. This is called the all-or-nothingngiple, and it applies to
all normal excitable tissues.
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3.1.2 Conduction of Impulse along Nerve Fibers

Non-Myelinated Nerve

The nerve cell membrane is polarised at rest, ipesttharges lined up
along the outside of the membrane and negativegesalong the inside
of the membrane. During the action potential (AB)s polarity is
abolished and for a period is actually reverseditRe charges from the
membrane ahead of the AP and behind the AP flowitigthe area of
negativity represented by the AP it's called therent sink. By drawing
off positive charges, this flow decreases the pylaf the membrane
ahead of the AP. This type of electrotonic depe&dron initiates a local
response, and when the firing level is reachedropgpated response
occurs that in turn electrotonically depolarises thembrane in front of
it. This sequence of event moves regularly alongimmyelinated axon
to its end. Thus, the self-propagating nature efrierve impulse is due
to circular current flow and successive electratatepolarisation to the
firing level of the membrane ahead of the actioteptal.

Myelinated Nerve

Conduction in myelinated axons depends upon a ainphttern of
circular current flow. However, myelin is an effiwet insulator and
current flow through it is negligible. Instead, dé&risation in
myelinated axons jumps from one node of Ranvieth® next, the
“current sink” at the active node serving to elettnically depolarise to
the firing level the node ahead of the AP. Thispimg of depolarisation
from node to node is called saltatory conductienslaown in Figure 2-
5. It is a rapid process, and myelinated axon cotsdup to 50 times
faster than the fastest unmyelinated fibers.

Myelin sheath Axoplasm MNode of Ranvier
2 2N " AR

57



NSC 104 COURSE GUIDE

Fig. 5.5: Saltatory Conduction along a Myelinated Aon. Flow of
Electrical Current from Node to Node is lllustrated by the Arrows

Neuromuscular Transmission

As the axon supplying the skeletal muscle fiber rapphes its

termination, it loses its myelin sheath and dividet® a number of

terminal buttons or end-feet. The end-feet contagny small, clear

vesicles that contain acetylcholine, which is thensmitter at this

junction. The endings fit into depressions in theton end plate — which

is the thickened portion of the muscle membran#efjunctions. The

depression is called the synaptic gutter or synapiugh, and the space
between the terminal and the end plate is calledsynaptic cleft or

space.

At the bottom of the gutter are numerous smallddsfaf the muscle
membrane of the end plate called sub-neural cteft&inctional folds,
which greatly increase the surface area which ymaysic transmitter
can act. The whole structure is known as the neusoolar or
myoneural junction (Figure 2.6).

In the axon terminal are many mitochondria thatpbp TP, the energy

source that is used mainly for synthesis of theitatary transmitter

called acetylcholine. The acetylcholine in turn ieex muscle fiber

membrane. Acetylcholine is synthesised in the dgisp of the terminal

button, but it is absorbed rapidly into many snssthaptic vesicles. In
the synaptic space, a large quantity of the enzyomtyl cholinesterase,
which is capable of destroying acetylcholine aftenas been released
from the synaptic vesicles are present.
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Fig. 5.6: Shows Neurotransmission at Neuromusculalunction
3.2 Muscle Contraction

Three types of muscle cells can be identified an lihsis of structure
and contractile properties: (i) Skeletal musclg¢ §mooth muscle (iii)
Cardiac muscle

Most skeletal muscles as the name implies are heitadco bones and
their contraction is responsible for the movemenftparts of the

skeleton. Contraction of the skeletal muscle isttmdled by the somatic
nervous system and hence is under voluntary confteé movements
produced by skeletal muscles are primarily involveth interactions

between the body and external environment. Smoatsctas surround
hollow organs and tubes-like stomach, intestinattirurinary bladder,
uterus, blood vessels and air passages to the.llingsalso found as
single cells distributed throughout the organs gep) and the small
group of cells attached to the hairs in the skine Tontraction of the
smooth muscle may either propel the luminal conteritof or through

the hollow organs or it may regulate the flow oé ttontents through
tubes by changing their diameters without itselfiating propulsion.

Smooth muscle contraction is controlled by factm®insic to the

muscle itself by the autonomic nervous system (A&I®) by hormones.
Therefore, it is not normally under direct conssi@ontrol.

The third type of muscle; cardiac muscle is the cteusf the heart and
its contraction propels blood through the circulpteystem. Like
smooth muscle, it is regulated by intrinsic factarsd by ANS and
hormones.
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Skeletal Muscle

Figure 2-7 shows the organisation of skeletal neisBlach skeletal
muscle fiber is a cylinder with diameter of 10-hf©and length which
may extend up to 300,04 (1 foot). The term skeletal muscle refers to
a number of muscle fibers bond together by convedissue. From the
light microscope, the most striking picture is eerbf transverse light
and dark bands forming a regular pattern along ébeh. Most skeletal
and cardiac muscle fibers have these characteris@nding and are
known as striated muscles. Smooth muscle cells showbinding
patterns. Although the pattern appears to be contis across the entire
cytoplasm of a single fiber, the bands are actuadlyfined to a number
of independent cylindrical elements, known as nbmf. Each
myofibril is about 1 to 2 micronufm) in diameter and continues
throughout the length of the muscle fiber. Myofibroccupy about 80%
of the fiber volume and vary in number from sevénahdred to several
thousand per single fiber, depending on the fibemeter.

The myofibrils consist of smaller filaments whiclheaarranged in a
repeating pattern along the length of the fibriheQunit of this repeating
pattern is known as a sarcomere (little muscle)ichviis the functional
unit of the contractile system in striated muscl&sach sarcomere
contains two types of filaments: Thick filament qowsed of the
contractile protein called myosin and thin filamentontaining the
contractile protein components; (i) Actin (i) Tmpyosin (iii)

Troponin.

Troponin is made up of three subunits: (i) Tropohii) Troponin T
(iii) Troponin C.

The thick filaments, 12-18nm in diameter are lodabe the central
region of the sarcomere, where their orderly paralirangements gives
rise to the dark bands known as A-bands, becaeseaite anisotropic to
polarised light. Thin filaments, 5-8nm in diametee attached at either
end of a sarcomere to a structure known as Z-lim&® successive Z-
lines define the limits of the sarcomere. Z-line® a&hort fibrous
structures, which interconnect the thin filamentsnf two adjoining
sarcomeres thus, provide an anchoring point for tthe filaments,
which extends from the Z-lines towards the centrédhe sarcomere
where they overlap with the thick filament.

Between the ends of the dark A-bands of two adjasarcomeres is the

I-band (because it is isotropic to polarised ligfdyming the lighter
region of the striated pattern.
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One additional band called the H-zone appearsths dighter band in
the centre of the A-band. It corresponds to thesetween the ends of
the thin filament. Thus, only thick filaments a@uhd in the H-zone.
Finally, a thin dark band can be seen in the cesftére H-zone. This is
known as the M-line and is produced by linkagesvbeh the thick
filaments. The M-line by cross linking the thickafnents keeps all
these in a single sarcomere in parallel alignmértiss, neither the thin
nor thick filaments are free floating, each is &dkeither to Z-lines in
the case of the thin filaments or to M-lines in ttese of the thick
filaments.
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Fig. 5.7: Organisation of skeletal muscle from thegross to the
molecular level

Smooth Muscle

Smooth muscles are distinguished anatomically frekeletal and
cardiac muscles, because they lack physical crnisgians. Actin and
myosin are present and they slide on each othpramuce contraction.
However, they are not arranged in regular arrays akeletal muscle
and cardiac muscles, and so the striations arenaliastead of Z-lines,
there are dense bodies in the cytoplasm attachddetaell membrane
and these are bound lby- actinin to actin filament. Smooth muscles
also contain tropomyosin, but troponin appearsetalfisent.

Smooth muscles can be generally divided into twgomigpes, which
are shown in Figure 2-8: multiunit smooth musclel amgle unit or
visceral muscle.

61

M
I
P — !
III . F-Actin filament
I
I
1

Myosin filament
i

Myo=in molecule

Ju

E 4
Heawry
MMy orsin



NSC 104 COURSE GUIDE

Multiunit Smooth Muscle

This type of smooth muscle is composed of discest®oth muscle
fibers. Each fiber operates entirely independeontlthe other fibers and
is often innervated by a single nerve ending asuwed for skeletal
muscle. Furthermore, the outer surfaces of thdserdj like those of
skeletal muscle fibers are covered by a thin lafeglycoprotein that
helps to insulate the separate fibers from eacbroifhe most important
characteristics of multi-unit smooth muscle fibexghat their control is
exerted almost entirely by nerve fibers and vettieliby other stimuli,

like local tissue factors. This is in contrast tmajor share of the control
of visceral smooth muscle by non-nervous stimulim® examples of
multi-unit smooth muscle found in the body are sthanuscle fiber of

the ciliary muscle of the eye, the iris of the eyhe nictitating

membrane that covers the eye of some lower anirtfaspilo-erector
muscles that cause erection of the hairs when Hiedi by the

sympathetic nervous system and the smooth muscimanfy of the

larger blood vessels.

Visceral Smooth Muscle (Single unit)

Their fibers are similar to multi-unit fibers excdpat they are regularly
or usually arranged in sheet or bundles and thenoenbrane contact
each other at multiple points to form many gap fioms. Thus, the

fibers form a functional syncytium that usually t@wct large area at
once. For this reason, this type of smooth muscédso known as single
unit or unitary smooth muscle. This type of mugsléound in most of

the organs in the body, especially in the wallghef gut, the bile duct,
ureters, uterus, etc.

—— Adventitia

Mediad
muscle fibers

Endothelium

A
A { - ——
Fo | -
ol 1 % Small artery
Multi-unit smooth muscle Umnitary smooth muscle

A B
Fig. 5.8: Multi-Unit (A) and Unitary (B) Smooth Muscle
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Cardiac Muscle

Striations in cardiac muscle are similar to thoseskeletal muscle.

There are large numbers of elongated mitochondrigldse contacts to
the muscle myofibrils and the muscle fibers braatl interdigitate. But

each is a complete unit surrounded by a cell mengb’@/hen the end of
one muscle fiber joins on another, the membrand®tif fibers parallel

each other through an extensive series of foldses&hareas which
always occur as Z-lines and are called intercaldiscs. They provide a
strong union between fibers, maintaining cell-celhesion, so that the
pull of one contractile unit can be transmittednalats axis to the next.
Along the site of the muscle fibers next to thekdjghe cell membranes
of adjacent fibers fuse for considerable distarioasing gap junctions.

These junctions provide low-resistance bridges filoe spread of

excitation from one fiber to another.

Contractile Proteins

These are proteins which participate in the cotiteaprocesses. They
include muscle proteins as well as those foundthrerocells and tissues.
In the cells and tissues, these proteins partieipatocalised contractile
events in the cytoplasm, in motile activity, and aell aggregation

phenomena. The two types a@intractile proteins that are found within

muscles are actin and myosin. Both proteins angoresble for muscle
movementThe heads and necks of the myosin molecules forossc

links to actin.

Excitation-Contraction Coupling

These are the events occurring between the exgitati a muscle fiber
and the resulting contraction. The skeletal mufibler is so large that
action potential (AP) spreads in along the surfaeenbrane and causes
almost no current flow deep within the fiber. Howewto cause muscle
contraction, this electrical current must penetdeply into the muscle
fiber to the vicinity of all the separate myofilstilThis is achieved by
transmission of APs along transverse tubules (THad) that penetrate
all the way through the muscle fiber from one sidethe other. T-
tubules action potential in turn causes releas€af in the immediate
vicinity of all the myofibrils. This C#% then causes contraction. This
overall process is called excitation contractioouing (Figure 2-9).
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Fig. 5.9: Excitation-Contraction Coupling in the Muscle

Molecular Basis of Contraction

Figure 2.10 demonstrates the basic mechanism otlmwusntraction.
This is the process by which the shortening ofdbr&ractile elements in
muscle is brought about by sliding of the thinrfiants over the thick
flaments. The width of the A-bands is constantevdas the Z-lines
move closer when contracts muscle and far aparnvihes stretched
(sliding filament mechanism).

Sliding during muscle contraction occurs when thgosm heads bind
firmly to actin, bend at the junction of the headhwthe neck and then
detach. “This power stroke” depends on the simelbas hydrolysis of
ATP.

Calcium ions initiate contraction by binding tropornC. In resting
muscle, troponin 1 is tightly bound to actin an@ tinopomyosin covers
the site, where myosin heads bind to actin. Thirg troponin-
tropomyosin complex constitutes a relaxing prot#iat inhibits the
interaction between actin and myosin. When thé" Gareleased from
the terminal cisterna by the AP, it binds to tropo@, the binding of
troponin | to actin is presumably weakened and tbesmits the
tropomyosin to move laterally. This movement uncevihe active site
of myosin heads. Adenosine triphosphate (ATP) ienttsplit and
contractions occur.
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Fig. 5.10: Relaxed and Contracted States of a Mydiiil Showing
(top) Sliding of the Actin Filaments (Pink) into the Spaces between
the Myosin Filaments (Red), and (Bottom) Pulling of The Z
Membranes toward each Other

SAE

1. Discuss the structure and functions of a typieai/e cell.
2. Explain the functional unit of the muscle

3. Discuss the mechanisms involved in muscle cotitra

4.0 CONCLUSION
Nerve cells help the body to respond to variousii through the
mediating effect of sodium, potassium and calciansi The three main

muscle types are distinguishable by their structarel mode of
contractions.

5.0 SUMMARY

In this unit, you have learnt about the following:

a. The structure and functions of a typical nemié c
b. The functional unit of the muscle
(of The various mechanisms involved in muscle cotitma.

6.0 TUTOR MARKED ASSIGNMENT

Activity
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As prescribed in the laboratory practical to be dworted by the
Facilitator.
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UNIT 1 COMPONENTS, MUSCLES OF RESPIRATION
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1.0 INTRODUCTION

A person is alive when he or she demonstrates ¢thefarespiration.
Several processes are involved in the exchangeasésgat different
levels of the organs involving diverse structurgfective functioning
of the organs of respiration, especially the luags measurable and this
module provides you with the information about hibve lungs perform
the functions of gaseous exchange.
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2.0 OBJECTIVES

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

o explainthe component parts of the respiratory system

o explain the composition of the categories of musaiwolved in
respiration

. describe the mechanism of respiration.

3.0 MAIN CONTENT
3.1 Respiration

Respiration has two major components namely (a) tthasport of
oxygen from the outside air to the cells withirstiss, and the transport
of carbon dioxide from the cells to the outsideaaid (b) the utilisation
of oxygen within the body cells for the liberatioh energy from food
substances. The former is known as external rdgpiraor gaseous
exchange while the latter is called internal osues respiration. The
respiratory system functions in close collaboratrath the circulatory
system which acts as the transport system thateysnexygen from the
respiratory apparatus to the tissues and cadoamxide from the tissues
to the respiratory apparatus for expulsion fromtibdy. The respiratory
system is thus an “air pump” while the cardiovaacslystem is a “blood
pump”. This unit covers the n

3.1.1 The Pulmonary Circulation

Venous blood from tissues of the body is returrethe right atrium of
the heart. From here, the blood enters the rigimtricde. The right
ventricle pumps the blood out of the heart throtighpulmonary artery.
The pulmonary arterial trunk divides into the rigirtd left pulmonary
arteries and these supply blood to the right aftdidags respectively.
The pulmonary arteries divide several times jus the trachea until the
pulmonary capillaries are formed. The pulmonargudation is a low
pressure circulation. Blood is pumped out of thghtiventricle at a
pressure of 25/0 mmHg. By the time blood reaches ghimonary
capillaries, the pressure has fallen to an aveodd®mmHg. Since the
plasma oncoti pressure is 25mmHg, no fluid moves ol the
pulmonary capillaries into the interstitial spacEhis is important
because if fluid moves out of the arterial end bé tpulmonary
capillaries as it does in the systemic circulatien, the small diameter
air sacs (alveoli) can become “flooded” with tissfiuid and this will
adversely affect the transport of gases in thedufte blood pumped
into the pulmonary circulation at rest is 5L/mimetsame as that
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pumped out of the left side of the heart per mimatteest. Blood from
the pulmonary capillaries is returned to the ldfuan of the heart
through the pulmonary vein. The pulmonary artenyiea deoxygenated
blood while the pulmonary vein carries oxygenatkmbd.

About 2% of the blood flow to the lungs is throufle bronchial arteries
and veins. The left bronchial artery arises dise@tdm the aorta while
the right bronchial artery arises from the firgght intercostal artery.
The bronchial arteries run along the bronchi antbothem into the

lung. They supply the air passages, their gland$ smb pleural
connective tissue. The bronchial veins, which cdegxygenated blood
join the pulmonary vein so that the latter whichswi#0% saturated
with oxygen in the lungs is diluted by the additminvenous blood from
the bronchial veins. The oxygen in the blood tisadelivered to the left
atrium is therefore about 97%. This mixing of degeyated bronchial
venous blood with oxygenated pulmonary venous bla®dcalled

physiological shunting.

3.1.2 Capillary/alveolar membrane

The capillary/alveolar membrane (Figure 2-2) isyvémin and this
makes it easy for gases to diffuse across the nmamebrThe large
surface area of the alveoli is matched by an eaegel surface area
presented by the capillaries. Since the capillasies 10 micrometer in
diameter and the red blood cells are 7.2 micromgtetheir larger
diameter, many of the red blood cells will crose thulmonary
capillaries in a “queue” of single cells. This@lexposes a large surface
area of RBC for gaseous exchange.

Epithelial
Advealar basement
epithelium membrane

Fluid and
surfactant
layer |

Aldveolus

Diffusion

Diffusion

S Red blood
cell

T Capillary endothelium
Interstitial space Capillary basement membrane

Fig. 1: Ultra-structure of the Respiratory Membrane
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3.2 Muscles of Respiration
These can be divided into two broad groups:

I. Muscles of inspiration
il. Muscles of expiration

The main muscles of inspiration are the diaphragmefvated by the
phrenic nerve, from C3, 4 and 5) and the extemnt@rcostal muscles.
The accessory muscles of inspiration are sterrdEi®iastoids,

scalenes, serratus anterior, levator scapulae,tusrespinae and
pectoralis major and minor. Expiration is normadlypassive process
under quiet breathing. But in strenuous exercisesnthere is difficulty

with breathing or in forced expiration as in snagzithe internal

intercostal muscles are used. The accessory musodegiration are the
abdominal recti and posterior inferior serratus ohels

There are two types of intercostal muscles in eaththe eleven
intercostal spaces, the internal and externaldot#al muscles. They are
supplied by intercostal nerves from adjacent irdstal nerve roots. The
external intercostal run forwards and downwards ey pull the ribs
forward and upward. The internal intercostal rureckwards and
downwards and pulls the ribs backward and downward.

The diaphragm is the dorstaped muscuitendinous partition between
the thorax and abdomen, forming the roof of theoateh and the floor
of the thorax. The bony thorax, the intercostal coes and the
diaphragm form a cone shaped structure, calledthioeacic cavity

(Figure 2.1).

The distance from the thoracic inlet to the diaghmais the vertical
diameter of the thorax. The vertical diameter g&raase in size when
the diaphragm contracts and moves downwards. Tétardie between
the posterior surface of the sternum and the amtesurface of the
vertebral column is the antero-posterior (AP) disaneWhen the ribs
are pulled upward and forward, the AP diameteraases.

Increased
= wertical diameter
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S dimameter rib cage
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r intercostals = -
- - contracted //

- Intermal — = r
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Fig. 2: Contraction and Expansion of the Thoracic Cage during Expiration and
I nspiration.
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3.3 Mechanism of Respiration

When the diaphragm contracts, it moves down, thenmebreasing the
vertical diameter of the thoracic cavity. The dieggm is capable of
vertical excursion of 2.5cm to 10cm depending oe thepth of
breathing. An increase in thoracic volume due tpbragm causes the
intrathoracic pressure to be 2 to 6 mmHg less #tarospheric pressure.
Since pressure outside (atmospheric air) is higha&n the pressure in
the thoracic cavity, atmospheric air rushes inte limgs and fills the
lungs. In deep breathing, contraction of the exdkmtercostal muscles
will pull the ribs upwards and move the sternumwiard thereby
increasing the AP diameter. This will increase theracic volume
further and make the intrathoracic pressure mogatnes, so that more
air will fill the lungs.

As air rushes in to fill the lungs, the lungs ahé thest wall expand.
This expansion stretches the elastic tissues ofuhgs and the chest
wall. At the end of inspiration, the stretched #tasssues relax and this
causes the lungs and the thoracic wall to recaitpaly.

At the end of inspiration, the diaphragm relaxeg @ns pushed up to a
domeshaped position by the abdominal viscera. This detal a
reduction of the vertical diameter of the thorazage. The thoracic cage
and its elastic recoil and the lung tissues makesttioracic volume to
become smaller so that the pressure inside thaxhsmow greater than
the pressure outside dJP This higher pressure compresses the lungs so
that air is expelled from the lungs. During quistdthing expiration is a
passive process, relying on the elastic recoihefling and chest wall.
When ventilation is increased, such as during eésercexpiration
becomes active with contraction of the muscleshef abdominal wall
and the internal intercostals muscle.

SAE
Describe the mechanism of respiration.

4.0 CONCLUSION

The respiratory system serves as the air pumpailavs for external
and internal exchange of gases from the externala@ment and the
internal environment of the body. The two groupsmaiscles are for
inspiration and expiration. The mechanism of lakisuacilitated by the
movement of the diaphragm as it contracts, movesdar up, thereby
increasing or decreasing the vertical diameterhefthoracic cavity to
allow air entry or air push-out.
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5.0 SUMMARY

In this unit, you have learnt that air exchangdaisilitated through
pulmonary circulation, and at the level of the dapy
membrane/alveolar membrane. The main muscles pfrai®n are the
diaphragm and the external intercostal musclesaaadupported by the
accessory muscles of inspiration including the nsteleidemastoids,
scalenes, serratus anterior, levator scapulae,tusrespinae and
pectoralis major and minor.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain how the structural makeup of the pulmonargulation,
the capillary and alveolar membranes facilitateshange of
gases from the outside of the body and withinbihey.

2. Enumerate the muscles in their groupings im@lvin
respiration.
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1.0 INTRODUCTION

The lung is able to perform its function of faa@ting air intake and
exchange by the presence of a special fluid arsdhélps in getting the
lungs to hold some volume of air. The amount ofirathe lungs can be
measured using various measures. In this unitwiiLcover these and
how some of the measures are taken.

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

explain in detail the surfactant and compliancéeflungs
describe the anatomic and physiologic dead space

discuss the process of spirometry

describe lung volumes and lung capacity as measofes
pulmonary function.

3.0 MAIN CONTENT

3.1 Surfactant and Compliance of the Lungs

Surfactant is a surface acting agent that is resptanfor lowering the
surface tension of a fluid. The surfactant thagdithe epithelium of the
alveoli is the pulmonary surfactant and it decrsabe surface tension
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on the alveolar membrane. The pulmonary surfadtasecreted by the
Type Il alveolar epithelial cells in the lungs. fatant is a lipoprotein
complex formed by lipids especially phospholipidgteins and ions. In
infants, lack or absence of surfactant causes Rdopy Distress
Syndrome or Hyaline Membrane Disease.

Figure 4.1 is a diagram relating lung volume chante changes in
trans-pulmonary pressure. Compliance means thensithange in the
lungs produced by a unit change of pressure. H imeasure of the
distensibility (elasticity) of the lungs and thoi@structures. The extent
to which the lungs expand for each unit increasérans-pulmonary
pressure is called their compliandéhe total compliance of both lungs
together in normal adult human being averages ad@imillimeters of
air per centimeter of water trans-pulmonary presstihat is, every time
the trans-pulmonary pressure increases by 1 cetstinod water, the
lung volume expands 200 millimeters.

Tissues of the lungs and thorax exhibit elastipprtes so that when a
force (pressure) is applied, the resulting volurhange is proportional
to the applied force within limits. Thus, undertgtaonditions, when

pressure is increased, volume is increased andutigs and thoracic
wall are stretched. When the increase in pressuremoved, the elastic
properties of the tissue restore the original vaum

Compliance (C) is given by the ratio: ~ Change ituke
Change in pressure
The unit of compliance is Liters/cm6i

3.2 Anatomic and Physiologic Dead Space

In the lungs, exchange of gases occurs only in rmhgpiratory

bronchioles and the alveoli. Air in the air passadees not take part in
gaseous exchange. The anatomical structures thké mp the air

passages in which no gaseous exchange occurseanaghl cavity, the
pharynx, the larynx, the trachea, the bronchi dredldronchioles up to
the terminal bronchioles. The volume of air insittés conduit is the

anatomic dead space (ADS).

Physiologic dead space is the anatomic dead sdaseth® volume of
areas of the lungs that are not taking part in @ase=xchange. Such
non-functional areas result from poor or absenfusén in a well-
ventilated lung. In a perfectly healthy person,réhes no such nen
functional area in the lungs, so that the anatahe®d space is equal to
the physiologic dead space.
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Spirometry

The volume of air that moves into and out of thegksl under different
conditions can be measured, using a spirometer.pfbeess is called
spirometry. A typical basic spirometer is showrFigure 3-3. It consists
of a drum containing air or oxygen inverted oveslightly bigger drum
containing water. A string is attached to the ine@rdrum and this is
passed over pulleys to a counter balancing wei@hwriting point is
attached to the device so that movements of therted drum can be
recorded on a kymograph. The apparatus has a meaghphrough
which a subject breathes in and out. The end ofitbethpiece is above
the water level. When the subject inspires from #pgometer, the
volumes of air inside the inverted drum is redudbe, inverted drum
sinks lower into the water and the writing pointtbe other side moves
up. The reverse occurs during expiration. So anaugvdeflection is
inspiration and a downward deflection is expiration

During spirometry, many of the volumes are measstading from the
resting expiratory level. The resting expiratorydkis the volume of air
present in the lungs following quiet expiration. thre latter condition,
elastic recoil of the lungs and thoracic cage caube lungs to be
passively compressed to a relaxed state.

g | (—\l—‘
drum 1 N

Croygent : 1 ——— Recording
chamber | & dram

Wiater

. Mouthpiece
Counterbalancing

Fig.3: Spirometer
3.3 Lung Volumes

Lung volumes are the volumes of air breathed byndividual. There
are four volumes;

i) Tidal Volume (TV): This is the volume of airdathed in and out

of the lungs during normal quiet respiration. #sha value of
500ml (0.5L)
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Inspiratory Reserve Volume (IRV): This is thelume of air that
can be forcefully inspired after a normal inspoat It has an
average value of 3300ml (3.3L)

Expiratory Reserve Volume (ERV): This is vohe of air that can
be forcefully expired after normal expiration.

Residual Volume: This is the volume of air @mng in the
lungs even after a most forceful expiration. Thdume of air

cannot be emptied from the lungs. It has a valud2p0ml

(1.2L).

Lung Capacities

Lung capacities are the combination of two or mong volumes.

There are four types of lung capacities;

Inspiratory Capacity (IC): This is the maximuwolume of air
that is inspired after normal expiration. This isoaTV + IRV. It
has a value of about 3800ml (3.8L).

Vital Capicity (VC): This is the maximum voluenof air that can
be forcefully expired after a maximal inspiratorfyoet. This is
also TV + IRV + ERV. It has a value of about 4804#BL).
Functional Residual Capacity (FRC): This ietvolume of air
remaining in the lungs after normal tidal expiratidhis is also
ERV + RV. It has a value of about 2200ml (2.2L).

Total Lung Capacity (TLC): This is the volunog air present in
the lungs after a inspiratory effort. This is alRY + TV + ERV
+ RV. It has a value of about 6000ml (6.0L).

capacity plus the residual volume (VC + RV)
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Fig.4: Diagram showing Respiratory Excursions during Normal Breathing and
during Maximal Inspiration and Maximal Expiration

The most common parameters measured in spiromegtryital capacity
(VC), forced vital capacity (FVC), forced expiragovolume (FEV) at
timed intervals of 0.5, 1.0 (FEY 2.0, and 3.0 seconds, forced
expiratory flow 25-75% (FEF 25-75) and maximal véry
ventilation (MVV), also known as maximum breathiapacity. Forced
vital capacity (FVC) is the volume of air (measuigaditers) that can
forcibly be blown out after full inspiration. FVGsithe most basic
maneuver in spirometry tests.

Forced expiratory volume in 1 second (RE\Average values for FEV
in healthy people depend mainly on sex and ageué#abf between
80% and 120% of the average value are considenedaho FEM/FVC
(FEV1%) is the ratio of FEVto FVC. In healthy adults this should be
approximately 75-80%. In obstructive diseases (aatfCOPD, chronic
bronchitis, emphysema) FEVs diminished because of increased airway
resistance to expiratory flow; the FVC may be daseel as well, due to
the premature closure of airway in expiration, just in the same
proportion as FEY (for instance, both FEMand FVC are reduced, but
FEV: is more affected because of the increased airesigtance). This
generates a reduced value (<80%, often ~45%).

In restrictive diseases (such as pulmonary fibjokie FEM and FVC
are both reduced proportionally and the value maybrmal or even
increased as a result of decreased lung compliance.

3.5 Minute Respiratory Volume and Alveolar Ventilaion

The normal respiratory rate is 12 to 16 times pegmte. The volume of
fresh air moved into the respiratory system perutgnis the minute
respiratory volume or total ventilation. This volars the product of the
tidal volume (T.V.) and the respiratory rate (R.R)T.V X R.R
500ml/breath x 12 breaths/minute = 6000ml|/min omn@h.

Alveolar ventilation is the volume of fresh air themters the alveoli per
minute. It is equal to the tidal volume minus thead space volume
(VD) multiplied by respiratory rate (RR). i.e. Alekar ventilation= (TV
VD) x RR

Thus, if the TV is 500ml, and VD is 150ml and RRL&min,
Then, Alveolar ventilation = (500-150) x12

=350 x 12 ml/min

= 4200ml/min.
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SAE
What are the lung function tests that can be peréol and what are the
normal values of such measures?

4.0 CONCLUSION

The tissues of the lungs and thorax exhibit elgstaperties that enables
measurable amount of air to be inhaled and exhdledse measurable
volumes of air are determined to affirm the quatifyfunctioning of the
lungs.

5.0 SUMMARY

In this unit, you have leant about the use of suafat in getting
compliant lungs. You have also learnt about theicstres of the
respiratory system that are not actively involvedaspiration. You have
learnt about the various measures that can be tssedeasure lung
functions.

6.0 TUTOR- MARKED ASSIGNMENTS

1. Compile the patients with respiratory disordersyau place of
work. Share their diagnoses in your discussiomno and in
groups as will be assigned to you, explain the démstatic
imbalance associated with their diseasegour reference
textbooks or from the Internet look for a diagramatt shows
compliance of the lungs in a healthy person.

2. What is the disease associated with the defestirfactant and
how will you explain what happens?
3. Describe how spirometry is conducted.

7.0 REFERENCES\FURTHER READING

Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw
Hill,.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.
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Saunders.
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UNIT 3 TRANSPORT AND EXCHANGE OF GASES -
OXYGEN, CARBON DIOXIDE AND THE
OXYGEN-HAEMOGLOBIN DISSOCIATION
CURVE

CONTENTS
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1.0 INTRODUCTION

The process of exchange of oxygen with carbon d®x@nd vice-versa
uses pressure gradients that are supported by $actms. The red
blood also play important role in oxygen transgortissues. In this unit
the steps by step of the processes and the chere@meiions with the
equations are explained in this unit.

2.0 OBJECTIVES

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

o explain the process of gaseous transport and egehan
o explain the process of oxygen transportation
o list various steps involved in oxygen transportatio

80



NSC 221 COURSE GUIDE

o list the major forms through which oxygen can @nsported in
the blood.

o describe the give detailed explanation about oxydjgeociation
curve

. enumerate the various factors that can cause oxygenoglobin
dissociation curve to shift to the left or shiftttee right.

o explain the various steps involved in the transdorh of the
carbon-dioxide

o explain the ventilation — perfusion relationshiging relevant
examples.

3.0 MAIN CONTENT

3.1 Transport and Exchange of Gases

Gaseous exchange is the process by which oxygeansferred from
the atmosphere to the tissue for use in metabobsm the gas produced
by metabolism, carbon dioxide, is transferred fraissues to the
atmosphere. Gaseous exchange is divided into theegses of alveolar
ventilation (bringing air into the lungs for traasfof oxygen and carbon
dioxide) and pulmonary circulation (bringing blotalthe lungs to take
up oxygen and excrete carbon dioxide).

The process of gas exchange has several stepsfollbeing is a
summary of the steps:

I Ventilation (breathing)

. Interchange of C®and Q between air in the lungs' alveoli and
blood in lung capillaries by diffusion

iil. Transport of CQand Qthrough the bloodstream

iv. Interchange of C®and Q between blood in lung capillaries and
alveolar air by diffusion

V. Use of Q and production of C&by cells through metabolism.

Upon inhalation, gas exchange occurs at the alvéditiny sacs which
are the basic functional component of the lungse @lveolar walls are
extremely thin (approximately 0.2 micrometers). Jéewalls are
composed of a single layer of epithelial cells é&yp and type Il
epithelial cells) close to the pulmonary capillarighich are composed
of a single layer of endothelial cells. The closeximity of these two
cell types allows permeability to gases and, heges, exchange. This
whole mechanism of gas exchange is carried byithpls phenomenon
of pressure difference. Whenever the atmospheesspire is lower than
the pressure inside the lungs, the air from lutmsd out, but when the
pressure in the lungs is lower than atmospheniacuahes into the lungs.
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To accomplish gas exchange the air that is infelelivered, via the
mouth and nose, to tiny sacs, called alveoli, wtaoh the terminal or
end units of the airways. Oxygen from the air difis across a thin
membrane into tiny blood capillaries surrounding #iveoli. At the
same time C@diffuses from the blood capillaries into the alivend
out of the lungs with each exhalation. The comhamabf one alveolus
(containing air) and its surrounding capillarie®r(aining blood) is
called an alveolar-capillary unit. At the alveotapillary membrane,
gas exchange takes place. Oxygen is deliveredntb,carbon dioxide
removed from, the capillary blood. This gas excleamgnverts the
oxygen-poor blood entering the pulmonary capillarip oxygen-rich
blood.

Partial pressures of Q and CO, in the body (normal, resting
conditions):

PO, = 100 mm Hg
PCQ& =40 mm Hg

Alveolar capillaries
Entering the alveolar capillaries

PO = 40 mm Hg (relatively low because this blood hest returned
from the systemic circulation and has lost muckisobxygen)

PCQ = 45 mm Hg (relatively high because the bloodmehg from the
systemic circulation has picked up carbon dioxide).

While in the alveolar capillaries, the diffusion gdsses occurs: oxygen
diffuses from the alveoli into the blood and carldioxide from the
blood into the alveoli.

Leaving the alveolar capillaries

PO, = 100 mm Hg
PCQ=40 mm Hg

Blood leaving the alveolar capillaries returns e feft atrium and is
pumped by the left ventricle into the systemic wiation. This blood
travels through arteries and arterioles and in® gizstemic, or body,
capillaries. As blood travels through arteries arterioles, no gas
exchange occurs.

Entering the systemic capillaries
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PO, = 100 mm Hg
PCQ =40 mm Hg

Body cells (resting conditions)

PG, =40 mm Hg
PCQ:= 45 mm Hg

Because of the differences in partial pressuresxygen and carbon
dioxide in the systemic capillaries and the bodysc®xygen diffuses
from the blood and into the cells, while carbonxitie diffuses from the
cells into the blood.

Leaving the systemic capillaries

PG, =40 mm Hg
PCQ =45 mm Hg

Blood leaving the systemic capillaries returnshte heart (right atrium)
via venules and veins (and no gas exchange occhils Wood is in

venules and veins). This blood is then pumped ®ltings (and the
alveolar capillaries) by the right ventricle.

From To
pulmonary . pulmonary

rie vein
il Alvecli

Py, =108

Systemic Systemic
veins arteries

Fig. 5: Partial Pressuresof Gasesin Blood

3.1.1 Transport of Oxygen and Carbon-DioxideTransport of
oxygen
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The process by which atmospheric oxygen gets tdissaes for use in
metabolic processes is referred to as oxygen toahs@xygen transport
consists of four important steps:

I. Movement of oxygen from atmospheric air into theveali
(inspiration)

. Diffusion of oxygen from the alveolar sac into thi®od in the
pulmonary capillaries

iii. Transport of oxygen in the blood from the lung$hte tissues.

iv.  Delivery of oxygen from the systemic capillary bibdo the
tissues.

Fresh atmospheric air moves into the alveoli durirgpiration. This is
an active process involving contraction of the tiagm with or without
contraction of the external intercostal muscles.

In the alveoli, the P©is 100mmHg, while P®@in pulmonary arterial
capillaries is 40mmHg. There is therefore a gradiem oxygen to
diffuse from the alveolar sacs into the pulmonaapiltary blood. The
capillary/alveolar membrane is very thin and thefeme area of the
alveolar sacs and pulmonary capillaries is vergdarThese factors
favour rapid diffusion of oxygen from the alveaiio the capillaries.

Oxygen is transported in two forms in the bloodslaswn in Figure 8.1:

0] O dissolved in plasma
(i) Oz carried in combination with hemoglobin in the t@dod cell.

Dissolved Q in plasma

The plasma is a poor carrier of oxygen. At &©0100 mmHg, 100 ml
of plasma can carry only 0.3ml of oxygen, whilea&Q of 40 mmHg,
dissolved oxygen is 0.13 ml/100ml. Nonethelessgerydiffuses from
the region of high tension in the alveolar sacs0(b@mHg) into the
region of low tension in the plasma (40mmHg). Theygen that
diffuses into the plasma dissolves in the plasmd #re diffusion
continues until the POiIn plasma rises to 100mmHg. At this point of
equilibration, the plasma contains only 0.3ml cfsdilved Q@ per 100ml.
However, the saturation of plasma with oxygen egpabe red blood
cells suspended in the plasma to a high oxygenoren®xygen diffuses
rapidly from the plasma into the red blood cellsl aombines with
hemoglobin.

3.2 Oxygen in Combination with Hemoglobin
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The haem portion of the hemoglobin molecule comstdur molecules
of ferrous iron. This iron is capable of a revelsibombination with
oxygen, with the iron still remaining in the feroform. Since the iron
is not converted to ferric iron, the reaction i¢ aa oxidation, but an
oxygenation. The normal hemoglobin concentratiombsut 14.5g/dl.
Each gram of hemoglobin is capable of carrying hBdf oxygen at
full saturation. Then, 100ml of blood at full sation will carry 19.7ml
of oxygen (19.4ml combined with Hb and 0.3ml digsal in plasma).
Each molecule of hemoglobin (which contains 4Hbts)ncombines
with four molecules of oxygen. This can be writtbos:

Hb + 4Q@—— HBOs

The above reaction however occurs in stages, witth @ molecule
combining with Hb at a time. The sequence of tlaetien is as follows:

Hbh + Q = HRO-
HO, + G = HBO4
HO, + Q= HLOe
Hb4® + Qs HkOsg

The above reaction is very rapid. It requires kbss 0.01 second. The
deoxygenation of Hi®s is also rapid. The combination of oxygen with
hemoglobin is a self- catalytic reaction. The fotiora of HO: is
relatively slow, but HWO. catalyzes the combination of the next O
molecule with HRO: so that HhO4 is formed at a faster rate than @b
and so on. This is why the oxygen- hemoglobin disgmn curve has a
steep rise. The P®f pulmonary capillary blood when fully oxygenated
is 100mmHg, i.e. equal to alveolar PBefore the blood gets to the left
atrium, it mixes with venous blood from the Dbrorathivein
(physiological shunting) so that the POf the blood entering the left
atrium is about 97mmHg.
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Fig. 6: Transport of Oxygen in the Blood
3.3 Oxygen Dissociation Curve

The oxygen dissociation curve is a graph that showes percent
saturation of hemoglobin at various partial presswf oxygen (Figure
1-50). The oxygen—haemoglobin dissociation cunatspihe proportion
of haemoglobin in its saturated form on the velteas against the
prevailing oxygen tension on the horizontal axis.

The oxyhemoglobin dissociation curve is an impdrtdool for
understanding how blood carries and releases oxygeecifically, the
oxyhemoglobin dissociation curve relates oxygemrsdion (SQ) and
partial pressure of oxygen in the blood ¢p,@nd is determined by what
is called "hemoglobin’s affinity for oxygen"; thas, how readily
haemoglobin acquires and releases oxygen molenuteshe fluid that
surrounds it.

The oxygen- hemoglobin dissociation curve can gbithe left or shift
to the right. The factors that can cause a shiféoright are:

(@) increase in temperature

(b) increase PCO

(c) increased acidity (fall in pH)

(d) increase in 2,3 diphosphoglycerate (2,3 DPG)
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A shift to the right due to increased acidity iflexd Bohr’s effect.

The factors that can cause a shift to the leftla@eopposite of those that
cause shift to the right. These are:

(&) decrease in temperature

(b) decrease PCO

(c) reduced acidity (increase in pH)
(d) decrease in 2,3- DPG

(e) presence of foetal hemoglobin

Variation of the hydrogen ion concentration

This changes the blood's pH. A decrease in pHssthi# standard curve
to the right, while an increase shifts it to th&.l@his is known as the
Bohr’s effect. A reduction in the total binding eegity of haemoglobin
to oxygen (i.e. shifting the curve down, not justthe right) due to
reduced pH is called the root effect.

Effects of carbon dioxide

Carbon dioxide affects the curve in two ways: firdt influences
intracellular pH (the Bohr's effect), and secondD.Caccumulation
causes carbamino compounds to be generated thrahgmical
interactions, which bind to haemoglobin forming
carbaminohaemoglobin. Low levels of carbamino coumals have the
effect of shifting the curve to the right, whilegher levels cause a
leftward shift. However, this isn't the overridingffect of CQ
accumulation. Only about 5-10% of the total LQOntent of blood is
transported as carbamino compounds. Most of the @@dtent (80—
90%) is transported as bicarbonate ions. The foomaif a bicarbonate
ion will release a proton into the plasma. Hende élevated CO
content creates a respiratory acidosis and shifte bxygen-—
haemoglobin dissociation curve to the right.

Effects of 2, 3-D.P.G

2, 3-Disphosphoglycerate or 2,3-DPG is an organsphate, which is
created in erythrocytes during glycolysis. The picttbn of 2,3-DPG is
likely an important adaptive mechanism, because pieduction
increases for several conditions in the presenabnoinished peripheral
tissue Q availability, such as hypoxaemia, chronic lung edie,
anaemia, and congestive heart failure, among othkgb levels of 2,3-
DPG shift the curve to the right, while low levas 2,3-DPG cause a
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leftward shift, seen in states such as septic shoakd
hypophosphatemia.

Temperature

Temperature does not have such a dramatic effecipamed to the
previous factors, but hyperthermia causes a righitwshift, while
hypothermia causes a leftward shift.

Carbon monoxide

Haemoglobin binds with carbon monoxide 200-250 smeore readily
than with oxygen. The presence of carbon monoxigeme of the 4
haem sites causes the oxygen on the other haem tsitbind with

greater affinity. This makes it difficult for theabmoglobin to release
oxygen to the tissues and has the effect of shiftire curve to the left
(as well as downward, due to direct competitivee@l of carbon
monoxide). With an increased level of carbon modexia person can
suffer from severe tissue hypoxia while maintaingngormal P@
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Fig. 7: Oxygen-haemoglobin Dissociation Curve

3.4 Carbon-Dioxide Transport

Since cellular (internal) respiration is a contingo process,
carbondioxide is produced continuously in the béidgues. This C®
must be transported from the tissues to the lurgsrevit is expired.

The transport of C@involves:

(@) diffusion of CQ from the tissues into the blood

(b)  transport of C®@ in the blood to the lungs

(c) diffusion of CQ from the pulmonary capillaries into the alveoli
(d)  movement of Cefrom the alveoli into atmospheric air
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The PCQin the tissues is 46mmHg and P£i@ the arterial blood is
40mmHg. Carbondioxide is about 20 times more diffiesthan oxygen
at body temperature. So, ediffuses rapidly from the tissues along its
concentration gradient into the blood.

Transport of CO in blood
Carbondioxide is transported in the blood in tHorens

(a) as dissolved C©10%

(b) in combination with plasma protein and haemoglolmiarkamino
compound- 30%

(c) as bicarbonate- 60%

CO:, in solution

Since CQ is very soluble, about 10% of the €@ansported is in
solution in the plasma.

CO; as Carbamino-compounds

Carbondioxide combines with the free NBroups in plasma proteins
and free NH groups in haemoglobin inside the red blood celfréon
carbamino compounds. Thus, €0+ protein-NH = protein —
NHCOOH= protein-NHCOO+ H*

The H" produced in this reaction is buffered by plasmatgins and
phosphates. Similarly, GO + Hb - NH = Hb- NHCOOH=
HbNHCOO + H*

The H" produced is buffered by haemoglobin and phospéstts in the
red cells.

CO, as bicarbonate

In the plasma C&combines with water to form carbonic acid.
CO:+ HHO——>  HCOz> H + HCOr

The reaction is very slow unless the enzyme cathanhydrase which
acts as a catalyst is present. Carbonic anhydsasmti found in the
plasma, but it is abundant in the red cells.

Thus, when C@ diffuses into red blood cells, it is very rapidly
converted to bicarbonate and hydrogen ions. Cacbarihydrase
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increases the speed of this reaction about 500&stcompared with that

in the plasma. Because of the high rate of its &irom, the
concentration of bicarbonate in the red blood beltomes higher than
that in the plasma. Consequently, HC@ffuses from the red cell into
the plasma. Since the "Horoduced by the same reaction has been
buffered by intracellular haemoglobin and phosphbBfecannot move
out with the HC@ . Also, neither Nanor K* can move of the cell to
accompany the HC so as to maintain electrical equilibrium. This is
because the NaK* ATPase pump maintains strictly the intra and extra
cellular Nd& and K concentrations. Chloride is the only free anioat th
can move. So, chloride moves from the plasma ih® red cell to
replace the HC®that has moved out so as to maintain electrical
neutrality. This movement of chloride into the is is called chloride
shift or the Hamburger effect. As a result of tietdoride shift, the
concentration of chloride in venous blood is ab2% lower than in
arterial blood. Also water moves into RBC so thed blood cell in
venous blood is about 3% bigger than in arteriabd!

!
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Fig. 9: Movement of Gases at Tissue Level
Carbon-dioxide dissociate curve

The volumes of C®in 100 volumes of blood is plotted against the
PCQ (Figure 1-53). A separate G@issociation curve is usually drawn
from reduced whole blood and oxygenated whole hl@atbon-dioxide

in the three forms is carried in the venous bloatigre the PCOis
46mmHg, same as the in the tissues because ofteqtidn) to the right
side of the heart and from there to the lungs.him lungs, there is a
reversal of the reactions at the tissue level si ©Q at a partial
pressure of 46mmHg in the pulmonary arterial capyldiffuses into the
alveoli where the PCOis 40mmHg. From the alveoli, the €GQs
expelled to the atmosphere during expiration.

Factors such as rate of tissue metabolism (whitérones rate of CO
production), rate of blood flow, degree of deoxyaton of
haemoglobin at the tissues level and the rate/hdeptpulmonary
ventilation will affect the rate of CQransport.
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Fig.10: Carbon-dioxide Dissociation Curve

3.5 Ventilation — Perfusion Relationship

Ventilation is the movement of air into and out toé lungs; while
perfusion is the flow of blood through the lungs.the normal lung, in

upright position, distribution of ventilation is eatest to the top and
decreases slightly towards the bottom of the lumbkile in a similar
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position; distribution of perfusion is greatestta bottom and decreases
markedly towards the top of the lung.

For exchange of gases to occur normally in the duagnormal ratio of
ventilation to perfusion must be maintained. Vetin/perfusion
imbalance is said to exist when this ratio is abradr An extreme
example is a situation where a main bronchus &llyoblocked by a
foreign body that has been accidentally inhaled.tHrs situation,
although there is an adequate blood flow to thect#d lung, because
there is no ventilation of the lung, there is nelenge of gases in that
lung. Also, there could be obstruction to bloodMitw a whole lung due
to clot embolism. Although there will be adequaentation of the
affected lung, because there is no perfusion ofj,luro exchange of
gases takes place in that lung. Very often, theeesaall areas in the
lungs that may be underperfused. Such areas agegpihysiologic dead
spaces and increase the total dead space of t§e lun

SAE

1. Explain the process of gaseous exchange.
4.0 CONCLUSION

The process of exchange of oxygen with carbon d®x@nd vice-versa
uses pressure gradients that are supported by featoes.
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5.0 SUMMARY

In this unit, you have leant about the process a$&dus transport and
exchange with emphasis on how the body receivegesxgnd gives out
carbon dioxide applying physical and chemical pples of pressure
gradients and combining with haem and supportesbinye factors.

6.0 TUTOR- MARKED ASSIGNMENT

2. Explain the 4 steps of the Oxygen transport process
3. Describe the Oxygen-haemogobin combination and Hiow
occurs in the vessels and the heart using appteg@guations.
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1.0 INTRODUCTION

Normal respiration has a rhythmic pattern, withpingtion alternating
with expiration. It is unusual to find a normal pen breathing in all the
time without inspiring and expiring. The normal thyic pattern of
breathing is possible because of precise contrbredthing. The control
of breathing can be divided into two broad groupsural (nervous)
control and chemical control. In this unit you wékarn about control of
breathing in usual and unusual environment.

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

explain the process of neural control of breathing

explain the process of the chemical control of timeg

describe different groups of chemo-receptors

explain the ventilatory responses to changes ircatpon dioxide
and oxygen lack.
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3.0 MAIN CONTENT

3.1 Neural Control of Breathing

Neural control is the influence of nerve cells betcentral nervous
system and their efferent and afferent fibres oa thgulation of
breathing. The neural control can be sub-dividéd two main types:

I. voluntary control;

. involuntary or autonomic control

Voluntary control

Voluntary control of respiration occurs when aniwdbal decides to

hold his breath or to hyper-ventilate. It is wehdwn that when a
swimmer wants to dive into the deep end of the swimg pool, he first

takes a deep breath, dives into the water and Haklbreath for the
period he is under the water. If he breaths-in evlihder the pool, he
will aspirate water into his lungs and may drowihlétes are trained to
consciously breathe in and out deeply before the sf a race. The acts
of breath-holding and voluntary hyperventilationnsbttute voluntary

control of breathing. It is carried out under thentrol of the motor

cortex.

Involuntary control of breathing

The involuntary control of breathing is through tlaetivities of
collection of neurons referred as centres in thesgnd the medulla and
stretch receptors in the lung. The brain stem esnaind the peripheral
stretch receptors in the lungs are connected lgreaft and efferent
fibres into a network of functionally inter-relatechd well-connected
neuronal circuit.

In the medulla oblongata, there are two centres,irlspiratory centre
and the expiratory centres. In the pons, theralse@two centres. In the
lower part of the pons is the apneustic centre Jemtiie pneumotaxic
centre is locatedn the upper part of the pons. These brain stem
respiratory centres are connected to each othertaride inspiratory
muscles.

The inspiratory neurons (I neurons) at the inspisatentre are capable
of spontaneous discharge of nervous impulses. Timpulse is
transmitted in the spinal cord to the anterior hoefis of C3, 4 and 5
and efferent fibres that emerge from there is theepic nerve which
supplies the diaphragm. Also, some of the imputgedo the anterior
horn cells in the thoracic region and the effefem these innervate the
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intercostal muscles. Discharge of impulses fromitiepiratory centre
causes inspiration to occur, and this leads to resipa of the lungs.
During inspiration, I-neurons inhibit the expiratareurons (E-neurons)
of the expiratory centre.

The depth of inspiration produced by the activifytioe I-neurons is
shallow. The apneustic centre in the lower ponsd sétilitatory

impulses to the inspiratory centre and this leadsart increase in the
depth of inspiration. At the same time as this ease in depth of
respiration is going on, the following events acewring

(1) Facilitatory impulses pass from the inspiratory toento the
pneumotaxic centre, causing its stimulation

(i)  Expansion of the lungs following inspiration causies stretch
receptors in the lungs to be stimulated. Afferenpulses from
the stretch receptors are transmitted through g nerve to
the apneustic centre and cause its inhibition.

(i)  The pneumotaxic centre sends inhibitory impulses the
apneustic centre.

(iv) At the same time, the pneumotaxic centre sendditédory
impulses to the expiratory centre.

(v)  The inhibitory impulses reaching the apneustic reffom the
pneumotaxic centre cause a reduction in the ingpyradrive of
the apneustic centre on the inspiratory centre.

(vi)  Also, the inhibitory impulses from the I-neuronsthe E-neurons
are removed.

(vii) As a result of inhibition of I-neurons and the silation of E-
neurons, expiration occurs.
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Fig.11: Respiratory Neuronsin the Brain Stem

When expiration has occurred, the inhibitory impgslérom the lungs on
the apneustic centre are removed. The inhibitiothefl-neurons during

expiration removes the facilitatory impulses frone tl-neurons to the
pneumotaxic centre, which in turn stops inhibitthg apneustic centre.
The apneustic centre is free once more to driveirtBpiratory centre

and the cycle starts all over again. This is howdtiernating phases of
inspiration and expiration occur.
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Fig.12: TheRegulation of Ventilation by the Central Nervous System
3.2 Chemical Control of Breathing

Some chemical components of blood can affect raspir. The three
main substances involved are £®" and Q. A rise in PCQ or H
concentration of arterial blood or a fall in its Pi@creases the activity
of the respiratory centre, while a decrease in P@QH* concentration
have inhibitory effect on respiratory centre adjivincrease in P9has
no effect on respiratory centre.

The changes in the chemical composition of blooe @etected by
chemoreceptors. There are two groups of chemom@sept

I Peripheral chemoreceptors
il. Central chemoreceptors

Peripheral chemoreceptors

The carotid and the aortic bodies are the periplobemoreceptors. The
carotid body is located near the bifurcation of tbenmon carotid artery
into internal and external carotid arteries. Thame usually two or more
aortic bodies near the arch of the aorta. The ichiodbdy has the
glossopharyngeal nerve as its afferent fibre, wiiégevagus nerve in the
afferent fibre from the aortic body.
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The carotid bodies have a very high blood flow, w000 mi/100g of

tissue per minute. Because of this large blood flth& oxygen needs of
the carotid bodies can be met by dissolved oxygeplasma. For this
reason, situations like anaemia or carbon monogidisoning which

reduce the oxygen- carrying power of the blood dbaause stimulation
of the carotid chemoreceptors. The peripheral chieogptors respond
to decrease in Pr increase in H

\ ,,rf/ Medulla

Glossopharyngeal nerve

YVagus nerve

Carotid body

Aortic bodies

Fig. 13: Respiratory Control by in the Cand Aortic Bodies
Central chemoreceptors

The central chemoreceptors are located on the ibdne 4" ventricle

in the medulla oblongata. They respond to changeshe H
concentration of the cerebrospinal fluid (CSF) awsgibly, brain
interstitial tissue. Hydrogen ion cannot penetthteblood brain barrier
easily; but CQdoes. The Cé&xhat enters the brain and CSF is hydrated
to form HLCOs. The HCOs dissociates to Hand HCQ. Therefore, the
H* concentration in the CSF rises and this stimuldtes central
chemoreceptors. Chemoreceptor regulation of bnegtm response to
changes in PCO2 is illustrated in Figure 3-13.

Ventilatory responses to changes in pH
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When there is an increase in the concentration*abs in the body, as
may occur in uncontrolled diabetes mellitus whicksuits in
accumulation of acid ketone bodies, there is markewchulation of
respiration, mainly through the central chemoremeptThe increased
ventilation resulting from this leads to increasegbulsion of CQ from
the body and this leads to a compensatory fallandH" concentration.
Conversely, when the *Hconcentration in blood falls, there is no
stimulation of the central chemoreceptors leadimy decreased
ventilation and a consequent rise in arterial PCOIs leads to a rise in
H* concentration. Thus, the blood concentration dfisddimportant in
the regulation of respiration.

Persistent hyperventilation that is not secondaryan increase in H
concentration leads to a fall in blood Ebncentration (due to excessive
washing out of C@). This is respiratory alkalosis. Also, hypoverttda
that is not secondary to a fall in plasma ebncentration leads to
increase in H concentration (due to accumulation of £L.OThis is
respiratory acidosis.

Ventilatory responses to CQ

When the arterial PCOis increased, this stimulates the peripheral
chemoreceptors (and indirectly, through increaséadticentration the
central chemoreceptors are also stimulated) leadmgincreased
pulmonary ventilation. The increased ventilatiorsules in increased
“washing out” of CQ from the body so that the PE@ reduced. If the
arterial PCQ falls too low, the C@drive on the chemoreceptors is
reduced or stopped. This leads to reduced excrefi@. This allows
CO:to accumulate in the body and causes a rise inoPIB® operation

of this feed-back mechanism of respiratory conkexdps CQ excretion
and production in balance.

The normal arterial PCOis 40 mmHg. Moderate increases in this
concentration causes increased ventilation. If dineerial CQ level
becomes too high, rather than stimulate respiratitnleads to
depression of the central nervous system, includimg respiratory
centre, and it also produces headache, confusidneaentually coma.
This is CQ narcosis.

Ventilatory responses to oxygen lack
When the arterial POis reduced, this causes stimulation of the

peripheral chemoreceptors. The normal arteriad B®7 mm Hg and
slight decreases in arterial P@auses a slight stimulation of the
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chemoreceptors. This slight reduction inJfél0es not usually lead to an
increase in ventilation for two reasons.

The first is that reduced arterial P@eans that haemoglobin is less
saturated with oxygen. HBQs more acidic than Hb. Therefore, less
HbO, means that the blood will become slightly moreahlie and this
will tend to inhibit respiration. This tends to cah the stimulatory
effect of the reduced RO

Secondly, any increase in ventilation that may odowers PC@and
this tends to inhibit respiration.

Because of the two reasons above, the effect lohfalrterial PQ is not

obvious until the @falls to 60 mmHg or less. Under the latter coraifi
the rate and depth of respiration is increased.\\P@ comes back to
normal, this stimulus due to oxygen lack is remowed respiration
comes back to normal.

The above account shows the importance of the thofeemical
substances, HHPCQ and PQ, in the chemical control of respiration.
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Fig.14: Chemoreceptor Control of Breathing
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3.3 Respiration at High Altitude

The higher one goes into a high altitude, the lother amount of air
available in the environment. For example, the iRGnspired air at sea-
level is 159 mm Hg and alveolar P® 104 mm Hg, while at an altitude
of about 10,000 meters, R@ inspired air is 47 mm Hg and alveolar
PO is 21 mm Hg. There is a corresponding decreas¢hen total
barometric pressure. The hypoxia at such an adtitatimulates the
peripheral chemoreceptors in the carotid body leadd an increase in
pulmonary ventilation. The resulting hyperventatileads to a lot of
CO; being expelled from the body and this producegiratry
alkalosis.

In order to be able to survive at such an altittiteebody makes some
adjustments, referred to as acclimatization.

Acclimatization to high altitude includes a greatrease in pulmonary
ventilation, an increase in red blood cell counbught about by
stimulation of the bone marrow by erythropoietimgriease in 2, 3-DPG
level which increases oxygen delivery to the tissuexcretion of
alkaline urine to correct the alkalosis, an incee@s the number of
mitochondria in the cells and increased vasculaifihe tissues.

) } Sensor
High altitude ® Integrating center
T Low POg e ® Effector
- ~
,-/-‘ -\"““ﬂ--_,
Immediate Days Days to weeks
Carotid bodies t2 s-DPG o Kidneys
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Fig.15: Respiratory Adaptationsto a High Altitude
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Cyanosis

This is a bluish discoloration of the skin and musonembrane due to
presence of a large quantity of deoxygenated hakiogin the blood.
Blueness is not often easy to observe in the skiblack Africans
except those who are very fair in complexion andeonates. However,
cyanosis can be observed in the tongue, nail bddbancal mucosa of
black Africans. Usually, cyanosis becomes noticeatthen the arterial
blood contains 5g or more of deoxygenated haemayglodr 100ml (dl)
of blood.

3.4 Deep Sea Diving

When human beings descend beneath the sea, tisei@resound them
increases tremendously. For every 10 meters ofhdeptsea-water,
pressure on the diver increases by 1 atmosphereat@odepth of 31m
(100ft) in the ocean, a diver is exposed to a presef 4 atmospheres
(normal atmospheric pressure + 3 atmospheres dB&ntodepth of sea
water). In order to prevent the lungs from collagsithe air breathed by
the diver must be supplied under high pressureishagperbaric air and
the condition of breathing air under high pressarealled hyperbarism.
The gases present in the air the diver normallathes are nitrogen,
oxygen and carbon-dioxide. When these gases aethiae under high
pressure, especially nitrogen and oxygen, seridysiplogical effects
can result. C@content of inspired air is very low and if thesenio re-
breathing, C®@ does not create problems when breathed under high
pressure. As the diver descends deeper into the teeaincreased
pressure to which he is subjected causes compneskibe gases being
inspired, leading to a decrease in volume and arease in pressure
according to Boyle’'s law. The increased pressureses a lot of
nitrogen and oxygen to dissolve in the body fluagsl in the tissues. As
the depth of descent increases, the quantitiesssblded nitrogen and
oxygen increase.

Nitrogen narcosis

At sea level, nitrogen has no effect on body funeti but nitrogen
breathed at high pressures can cause varying defjreecosis. When a
diver remains beneath the sea for one hour or nadrabout 120ft, the
first symptoms of mild nitrogen narcosis appearnse Hiver becomes
unduly jovial and loses many of his cares. At 160200 feet, he
becomes drowsy and at 200 to 250 feet, he becomgsweak and
becomes too clumsy to perform the work he is supgds do. At depths
greater than 250 feet, the diver becomes almodesseas he can no
longer perform any function. The features of niggnarcosis are
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similar to those of alcoholic intoxication; hence i$ often called
“raptures of the depths”. The mechanism of the otarceffect of
nitrogen is believed to be similar to that of arlaetc gases.

Decompression sicknesglso called bends, Caisson disease, Diver's
paralysis).

If a diver stays beneath the sea for a long timéarge quantity of
nitrogen will dissolve in his body. If the diverdaenly comes back to
the surface of the sea, large quantities of theogen that has been
forced into solution will come out of solution afmm gas bubbles in
the body fluids, both in the intracellular and extllular fluid
compartments. Those bubbles that are in the plagthtiow along with
the blood and block some of the small blood vesgalsembolism).
These air bubbles can cause damage to any pdré dfody. The extent
of the damage and the associated symptoms depetite orumber and
sizes of bubbles formed. The latter gives rise tlecbmpression
sickness”.

The symptoms of decompression sickness are dueelyartp the

resultant air embolism. This leads to tissue isohiaeand sometimes,
tissue death. About 90% of people suffering fromcasepression
sickness develop pain in the joints and musclegb@®iegs or arms. The
joint pain is the reason this condition is alsolemhl*bends”. Various
degrees of disorders of the nervous system suclizasess, paralysis,
collapse and unconsciousness may develop. A sneatleptage may
develop massive pulmonary microembolism, with asgéed shortness
of breath and later, pulmonary oedema. This caoh teaeath.

Decompression sickness can be avoided if the dsweiade to ascend to
the surface of the sea gradually over a periodtof2 hours. If a diver is
brought slowly to the surface, the dissolved nitnogs exhaled rapidly
enough through the lungs to prevent decompresSitmw ascents over
one hour will elimination of about 70% of the dissa nitrogen, while
about 90% will have been eliminated if ascent isied out in 6 hours.
Another method used to prevent decompression ssskiseto bring the
diver to the surface quickly and put him in pressed tank and then
lower the pressure inside the tank gradually baakarmal atmospheric
pressure over a couple of hours. Pressurized tankatso be used to
treat the diver in whom the symptoms of decompeogssickness have
occurred. The diver is recompressed in the tank #ah slowly
decompressed over several hours.

The use of helium instead of nitrogen in the aixtome breathed by
divers engaged in deep dives and stay underwatdoifig periods has
minimised the problem of decompression sickness.
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The introduction of SCUBA apparatus (self-containedderwater
breathing apparatus) has turned diving into a popsport. However,
because of the limited amount of air a diver camycam his SCUBA

gear, the diver cannot remain for a long time undater, otherwise, he
will run out of air.

SAE
1. Explain the process of Chemical control of breey
2. Describe the chemoreceptors.

4.0 CONCLUSION

Breathing has voluntary, neural and chemical contith appropriate
ventilatory responses to oxygen, carbon dioxide ceatrations.
Respiratory adaptations also occur appropriatellyigh altitude and in
deep sea diving.

5.0 SUMMARY

In this unit, you have leant about the followindwdary and autonomic
control of respiration. You also learn about peegth and central
chemoreceptors regulation and ventilatory respottsesi, oxygen lack
and carbon dioxide.

I. Neural control of breathing
. Chemical control of breathing

6.0 TUTOR- MARKED ASSIGNMENT

1. Conduct the experiments on (1) respiratory movemeatd
effects of various factors (2) measuring lung vodsmand
capacities.

2. Explain the process of neural control of bregh

3. How do the body respond to changes in pH, carhoxide and

oxygen lack?
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MODULE 4 Heart and Circulatory Physiology

INTRODUCTION

The heart is the known life pump that sustainsdflairculation to all
parts of the body for a lifetime. It is an importamgan whose function
is moderated by the special innervations. In thezlate, you are going
to learn more about how the heart performs its tions and work in
with the vessels to maintain the needed pressureldod to flow round
the body.

MODULE OBJECTIVES

At the end of this Module study session, you mesable to:

describe the structure of the heart and its commisne

describe the systemic and the pulmonary circulation
describe the pacemaker potential and the myocarakdbn
potential

describe the components of the electrocardiogran (e
describe the short-term and long-term regulatioartdrial blood

pressure
. describe circulatory shock.

CONTENTS

Unit 1 Circulatory System

Unit 2 Cardiac Functioning

Unit 3 Electrocardiography

Unit 4 Cardiac Output and Control of Cardiac Quitp
Unit 5 Arterial Blood Pressure

Unit 6 Circulatory Shock

UNIT 1 THE CIRCULATORY SYSTEM

CONTENTS
1.0 Introduction
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2.0 Objectives
3.0 Main Content
3.1  The Concept of Haemodynamics
3.2 The Functional Parts of the Circulation
3.3  The Functional Divisions of the Circudeti
4.0 Conclusion
5.0 Summary
6.0 Tutor- Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION
There is a mechanism of fluid movement throughltbdy that allows
for change of required nutrients and exchange &erént types of

wastes. This unit covers the coordinated circutatibblood to different
parts of the body.

2.0 OBJECTIVES

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

. explain the concept of haemodynamics
. explain the functional parts of the circulation
. explain the functional divisions of the circulation

3.0 MAIN CONTENT

3.1 Systemic and Pulmonary Circulation: Haemodynanus

The function of the circulation is to service theeds of the body
tissues—to transport nutrients to the body tissueste products from
the tissue to the excretory organs, hormones froenpart of the body to
another, and in general, to maintain an appropeatdronment in all
the tissue fluids of the body for optimal survivadd function of the
cells. The rate of blood flow through most tissugscontrolled in
response to tissues need for nutrients. The hadriceiculation in turn
are controlled to provide the necessary cardiagpuiutnd arterial
pressure that are required for tissue blood flow.

The circulation is divided into the systemic cietisn and the
pulmonary circulationThe systemic circulation supplies blood to all the
tissues of the body except the lungs, so it is alsited the greater
circulation or peripheral circulation
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3.2 Functional Parts of the Circulation

Arteries: Are blood vessels that carry blood away the heart to the
lungs and tissues. The arterioles are the lastlsbmahches of the
arterial system; they act as control conduits tghowvhich blood is
released into the capillaries and because of sraall diameter, they
play a key role in vasoconstriction and vasodilatatMost arteries and
arterioles carry oxygenated blood, except the pabmny artery which
transports deoxygenated blood from right ventricléhe lungs.

Capillaries: They are microscopic blood vessels @tlaw the exchange
of fluid, nutrients, electrolytes, hormones, ankdestsubstances between
the blood and the tissue. To serve this role, dmllary walls are very
thin and have numerous minute capillary pores pahieeto water and
other small molecular substances.

Veins: These are blood vessels that carry bloothéoheart, from the
lungs and tissues. They serve as a major reseteixtra blood. Blood
pressure in veins is extremely low as a resultyeslformed by the
tunica internal layer are necessary to preventflaek Most veins carry
deoxygenated blood, except the pulmonary vein whiEnsports
oxygenated blood from the lungs to the left atridrhe venules collect
blood from the capillaries, and they gradually esak into
progressively larger veins.

3.3 Functional Divisions of the Circulation

Systemic Circulation

Systemic circulation is a part of the cardiovascidgstem which is
responsible for carrying oxygenated blood away friv@ heart to the
body, and return deoxygenated blood back to thet.h@xygen-rich

blood from the lungs leaves the pulmonary circafativhen it enters the
left atrium through the pulmonary veins. The blosdthen pumped
through the mitral valve into the left ventriclerofn the left ventricle,
blood is pumped through the aortic valve and ih® &orta, the body's
largest artery. The aorta arches and branchesmajor arteries to the
upper part of the body before passing through taphatagm, where it
branches further into arteries which supply thedowarts of the body.
The arteries branch into smaller arteries, artesioland finally
capillaries. Waste and carbon dioxide diffuse outhe cell into the
blood, while oxygen and nutrients diffuses out lé tblood into the
interstitial fluid and then into the cell. The dggenated blood
continues through the capillaries which merge wgaules, then veins,
and finally the venae cavae, which drain into thghtratrium of the

heart. From the right atrium, the blood travelsotlyh the pulmonary
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circulation to be oxygenated before returning agtinthe system
circulation. Coronary circulation, blood supplyttee heart muscle itself,
is also part of the systemic circulation.

Pulmonary Circulation

Pulmonary circulation is a part of the cardiovaacudystem which is
responsible for carrying de-oxygenated from therthiathe lungs and
then back to the heart for it to transfer the oxyged blood to the rest
of the body. Oxygen-depleted blood from the bodwés the systemic
circulation when it enters the right atrium throutiie superior and
inferior vena cavae. The blood is then pumped tiinothe tricuspid
valve into the right ventricle. From the right vedi, blood is pumped
through the pulmonary valve and into the pulmonaryery. The
pulmonary artery splits into the right and left moinary arteries and
travel to each lung. In the lungs, the blood traxklough capillary beds
on the alveoli where gaseous exchange occurs, liegigarbon dioxide
and adding oxygen to the blood. The alveoli aresaas in the lungs that
provide the surface for gas exchange during respiraThe oxygenated
blood then leaves the lungs through pulmonary veusch returns it to
the left atrium, completing the pulmonary circuit.

After entering the left heart, the blood flows thgh the bicuspid valve
into the left ventricle. From the left ventricleaet blood is pumped
through the aortic valve into the aorta to traviefotugh systemic
circulation, delivering oxygenated blood to the ydmkfore returning
again to the pulmonary circulation.
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Fig.1.1: The Human Heart
SAE
Explain what happens in pulmonary and systemiaiaton.

4.0 CONCLUSION

With blood circulation through the arteries, veiaad -capillaries,
circulation is divided into the systemic circulati@and the pulmonary
circulation The systemic or greater circulation supplies blowall the
tissues of the body except the lungs, while thenpulary circulation
covers the movement of de-oxygenated blood fronh#wet to the lungs
and then back to the heart for it to transfer tkggenated blood to the
rest of the body.

5.0 SUMMARY

In this unit, you have learnt about the concepHaémodynamics, the
functional parts of the circulation and the funotb divisions of the
circulation.

6.0 TUTOR -MARKED ASSIGNMENT

111



NSC 104 COURSE GUIDE

Activity — Laboratory assignment

Answer the following questions:

1. Explain the concept of Haemodynamics
2. Describe the functional parts of the circulation
3.

7.0 REFERENCES/ FURTHER READING
Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw

Hill,.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.

Guyton, A.C. & Hall, J.E. (2021 Textbook of Medical Physiology.
(14th ed.). Philadelphia: Harcourt Internationalitien, W.B.
Saunders.

Sembulingam K & Sembulingam P.(2012kssential Medical
Physiology. (6th ed.). new Delhi: Jaypee Brothers medicalliBaérs
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UNIT 2 CARDIAC FUNCTIONING
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 The Cardiac Muscle
3.2 The Cardiac Muscle Action Potential
3.3 The Pacemaker Cells
3.4 The Cardiac Cycle

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References /Further Reading

1.0 INTRODUCTION
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The heart is a life pump regulated by special inagons. In this unit,
you are going to learn more about how the structuf the heart
supports its functions.

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

explain what in details the cardiac muscle
discuss the cardiac muscle action potential
explain in details the pacemaker cells
discuss the cardiac cycle.

3.0 MAIN CONTENT
3.1 The Cardiac Muscle

The heart is a muscular organ which weighs abo0t3&) gm in an
adult. It has four chambers, two atria and two Nelas. The heart
consists of a specialised muscle called cardiaclaus

Cardiac muscle is similar in structure to skelataiscle in many ways;
however, there are several important differencas¢hn be discerned at
the structural level. The electrical activity ofrd@mc muscle is very
different from that of skeletal muscle.

Like skeletal muscle, cardiac muscle is striatédcontains the same
basic contractile proteins forming thick and thitarhents that are
organised into sarcomeres as they are in skelaiatle, and the same
sliding filament mechanism applies. Cardiac mudiders or cardiac
cells (i.e. myocytes) also contain myofibrils, awerk of T-tubules, and
sarcoplasmic reticulum (SR). Force generation @mdantrol by C&
are also very similar to skeletal muscle, althoagtdiac muscle is less
dependent on the release of?Ciom the sarcoplasmic reticulum, and
the mechanism of sarcoplasmic reticulunt'Galease is different (i.e.,
calcium-induced -calcium release).

Cardiac muscle cells are similar to type | (slowidative) skeletal
muscle fibers. Cardiac muscle cells depend pripaoih oxidative
phosphorylation to generate ATP. They are highgstant to fatigue,
but are also highly dependent on a continuous sugpdxygen. Cardiac
muscle cells are much shorter than skeletal mugmdes and they are
sometimes branched. A typical ventricular musclé iseroughly 100
microns long and about 20 microns in diameter.
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Individual cardiac muscle cells are joined togethgrstructures called
intercalated discs, as shown in Figure 1-2. This igery important
distinction between cardiac and skeletal muscleer@fare two types of
membrane junctions in the intercalated discs. These

() desmosomes, which are mechanical adheringtigursc which
hold the cells together.

(b)  gap junctions, which are low resistance eiegktrconnections
between adjacent cells.

Gap junctions allow electrical activity (e.g., actipotentials) of one cell
to spread to adjacent cells. Cardiac muscle cefiskectrically coupled
to one another, which allow the heart to contracaainit (a functional

syncytium). .
B mm

v s Ly te | |

e,

g
|

i

FHuclewus Intercalated
' _ ' _ disc
Fig. 2.1: Diagrammatic Section of Cardiac Muscle

3.2 The Cardiac Muscle action Potential

The cardiac muscle has a distinct action potentiath is different from
that seen in skeletal muscle and is an importasiptation for the
functions of the heart.

The cardiac action potential has five phases, asvishn Figure 1-3.
During phase 0, membrane permeability to potassiaoreases and fast
sodium channels open allowing the influx of ‘Ngroducing rapid
depolarisation from =90 mV to +10 mV. During phdsehere is partial
repolarisation, because of a decrease in sodiumeadrility. Phase 2 is
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the plateau phase of the cardiac action poteMiainbrane permeability
to calcium increases during this phase, maintaimiagolarisation and
prolonging the action potential. Membrane permétgbiio calcium
decreases to some extent towards the end of phasel 2he plateau is
partially maintained by an inward sodium ion. Saodifiows into the
cell through the sodium—calcium exchanger. The amgbr transfers
three sodium ions into the cell in exchange for oaleium ion flowing
out, and so produces a net inward flow of posiiwes. As calcium
channels inactivate towards the end of the plajgsase, an inward
potassium ion produces repolarisation in phasend.résting membrane
potential in phase 4 is approximate§0 mV.

K+ CI efffux
CaZ influx and K+
+20Mv Phase 1 efffux
Phase 2
Phas¢ 0
Rapid Na+ influx o

Phase 4 Phase 4

N+ lons enter cell and Na+
ecfrange via Na+K pump

200 M/S

Fig. 2.2: Phases of the Action Potential of a Carac Muscle Fibre.
0, depolarisation; 1, rapid repolarisation; 2, platau
phase; 3, late repolarisation

3.3 The Pacemaker Cells

Pacemaker cells are found in the sinoatrial (SAJ afrioventricular

(AV) nodes. However, the sinoatrial node has aefasite of discharge
and therefore ordinarily controls the rate of befahe entire heart and is
known as the cardiac pacemaker. The cells of theerpaker have
certain characteristics that enable it to exhibtbenatic rhythmicity.

a. The resting membrane potential is -55 to -60 m\éinoatrial
node in comparison with -85 to -90mV in ventriculauscle
fibers.
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b. The cell membranes of the sinus fibers are alyuleaky to
sodium ions and allow the influx of Nathereby neutralizing
much of the intracellular negativity.

Between heart beats, influx of Naauses slowly rising membrane
potential. When the membrane potential rises thrashold voltage of
about -40 mV, the calcium-sodium channels becontieeded, leading
to rapid entry of both calcium and sodium ions telisiting the action
potential. However the opening of the calcium aadian channels is
transient and they soon close and the simultanepening of K
channels leads to efflux of *Kions which causes repolarisation
effectively terminating the action potential. Asethesting membrane
potential reaches -55mV to -60mV, the Kns channels close. The
inward leaking of Naions overbalance the efflux of*Kons and the
resting membrane potential rises again towardsththesshold level for
discharge. This process is repeated over and bvaughout the lifetime
of the individual.

3.4 The Cardiac Cycle

The cardiac events that occur from the beginningne heartbeat to the
beginning of the next are called the cardiac cycléhe series of events
that occur during one complete heartbeat. Cardyateds divided into
two main phases; (i) ventricular diastole (ii) wenuilar systole

Figure 2.3 shows the different events during thediea cycle.
Ventricular diastole refers to ventricular relagati phase. Events
occurring during the diastole include; isovolumetr{isovolumic)
relaxation, rapid passive filling, slow filling @stasis), rapid active
filling (atrial contraction).

After the ventricles have ejected the blood inte #rteries, the aortic
and pulmonary valves close. As the ventricles reldrere is
isovolumetric relaxation i.e. no change in volunsdtee ventricles relax,
because all the four valves are closed. This rétaxavith no change in
volume leads to a reduction in the pressure in theatricle.
Simultaneously blood flowing into atria from inferiand superior vena
cavae and the pulmonary veins cause an increathe ipressure in the
atria. When the pressure in the atria rises abiwatein the ventricles, the
atrio-ventricular valves are forced open and blood rusagslly into the
ventricles. About 75 percent of blood entering veatricles does so by
this passive means (rapid passive filling). Theamimg 25 percent is
forced into the ventricles by contraction of afrapid active filling). At
this point the ventricles begin to contract ande¢hie sudden closure of
the atrioventricular valves. (This gives rise te tiist heart sound).
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Ventricular systole refers to period of ventriculantraction. Events
occurring during ventricular systole include; istwaetric (isovolumic)
contraction, ventricular ejection.

The ventricles continue to contract with four valegain closed. This
phase is called the isovolumetric contraction. Bagrihis phase the
pressure in the ventricles rises rapidly until theyceed that in
pulmonary artery and aorta. The aortic and pulmpmalves are pushed
open and blood is ejected into the aorta and pudmorarteries

(ventricular ejection). The ejection continues iagdo drop of pressure
in the ventricles until the pressure in the aoma @ulmonary artery
exceeds that in the ventricles. There is thus detecy for the blood to
flow back which is prevented by closure of the imoand pulmonary
valves. (This gives rise to the second heart souddge the pulmonary
and aortic valves are closed, all four valves agaira closed and
isovolumetric relaxation of the ventricles begihsreby completing the
cardiac cycles. On average, the cycle is repeatety ®.8 seconds i.e.
72 cycles per minute.
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Fig. 2.3: Annotated Diagram of Cardiac Cycle

Wiggers diagram is a standard diagram in cardiadas@hysiology to
illustrate the haemodynamic consequences of canyiee (Figure 1-5).
The X-axis contains the time. The Y-axis contaiB$od pressure;
ventricular pressure, aortic pressure and atrigisgure, Ventricular
volume changes, Electrocardiogram, Phonocardiogram
(optional).
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SAE

Discuss the Cardiac Muscle Action Potential.
4.0 CONCLUSION

The heart is made of special cardiac muscles wittiséinct action
potential which is different from that seen in gtal muscle and is an
important adaptation for the functions of the heart

5.0 SUMMARY

In this unit you have learnt about the Cardiac Meisthe Cardiac
Muscle Action Potential, the Pacemaker cells dral Cardiac Cycle
and you should be able to explain the describe Hwavthe cardiac
muscle is specially made to perform its unique fiams within these

contexts.
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6.0 TUTOR- MARKED ASSIGNMENT
Activity- See Laboratory instructions

Answer the following questions:

a. Explain in details the Cardiac Muscle.
b. Explain in details The Pacemaker cells.
C. Discuss the Cardiac Cycle.

7.0 REFERENCES/ FURTHER READING

Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw
Hill.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.

Guyton, A.C. & Hall, J.E. (2021 Textbook of Medical Physiology.
(14th ed.). Philadelphia: Harcourt Internationalitien, W.B.
Saunders.

Sembulingam K & Sembulingam P.(2012kssential Medical
Physiology. (6th ed.). new Delhi: Jaypee Brothers medical liBaérs
(P) Ltd
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1.0 INTRODUCTION

The heart sustains some electrical charges thahesasurable to explain
the functioning of the heart. In this unit, you a@eing to learn about
electrocardiography.

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

. give detailed explanation about electrocardiography

. explain  the different waves and complexes that
electrocardiography is composed of

o define ECG and list different types of ECG leadsdugh ECG
recording.

3.0 MAIN CONTENT
3.1 Electrocardiography

Electrocardiography is a trans thoracic (across ttiorax or chest)
interpretation of the electrical activity of theameover a period of time,
as detected by electrodes attached to the outécsuof the skin and
recorded by a device external to the body. By pla@lectric contact
points called electrodes at suitable locations owithin the body, the
electrical impulses could be detected, amplified @anscribed into
graphic record by the instrument called electrocamégph (ECG
Machine). The graphic record of the heart elecdtrazdivities recorded
from the body surface constitutes what is knowrelastrocardiogram
(ECG) while the graphic record obtained directlgnir heart muscle is
called electrogram. Electrocardiogram (ECG) is ¢naphic record of
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the electrical activities of the heart detectedhat body surface by the
aid of electrodes and lead system. The electroogrdim (ECG) is
simply a voltmeter that uses up to 12 differentifeéelectrodes) placed
on designated areas of the body.

Electrical impulses of the heart are in form of es\wf depolarisation
and repolarisation. The waves represent the tinpentent electrical
activities of the different regions of the hearttlare transcribed on the
graph paper as either upward (positive) or downwémdgative)
deflections separated by isoelectric lines. Thaogiam formed from
the deflections constitutes what is called ele@rdogram as denoted
by PQRST complex, shown in Figure 1-6. The denmtatican be
measured in terms of magnitude, duration, oriesiatind shape. The
various parameters had been standardised. Therefibeeations in the
standard pattern provide clues for the diagnosisoofe cardiac lesions

at a particular time.
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Fig. 3.1: A Normal Electrocardiogram

The electrocardiogram is composed of waves and Exep. Waves
and complexes in the normal sinus rhythm are theafe, PR interval,
PR segment, QRS complex, ST segment, QT intervhlTanave.

The P Wave

The P wave is caused by atrial Depolarisation. Ph@ave is usually
smooth and positive. The P Wave duration is noynlais than 0.12
Sec and the amplitude is normally less than 0.25 Mregative P-wave
can indicate depolarisation arising from the avenod
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The P-R Segment

The PR segment is the portion on the ECG wave fitwerend of the P
wave to the beginning of the QRS complex. The PRmsat

corresponds to the time between the ends of atepblarisation to the
onset of ventricular depolarisation. It is an iso#lic segment, during
which the impulse travels from the AV node throufle conducting
tissue (bundle branches, and Purkinje fibers) tde/éine ventricles.

The P-R Interval

The PR interval is the portion of the ECG wave frthra beginning of
the P wave (onset of atrial depolarisation) tolteginning of the QRS
complex (onset of ventricular depolarisation).sitnormally 0.12 - 0.20
seconds.

The Q Wave
This is the first negative deflection in ventriculdepolarisation (QRS
complex).

The R Wave
It is the first positive deflection in ventriculdepolarisation.

The S Wave
This is the second negative deflection in ventdacualepolarisation or the
first negative deflection after R wave.

The QRS Complex

The QRS complex represents the time it takes fpoldgisation of the
ventricles to occur. The normal QRS interval raigyérom 0.04 sec -
0.12 sec measured from the first deflection to ¢émel of the QRS
complex.

The ST Segment
It is the isoelectric line from the end of ventimudepolarisation to the
beginning of ventricular repolarisation. No elecdtiactivity is recorded
during this period.

The T Wave
The T wave is due to ventricular repolarisatione Mave is normally
round and positive.

The QT Interval

The QT interval begins at the onset of the QRS dexnand ends at the
end of the T wave. It is the period from the oneétventricular
depolarisation to the end of ventricular repoldrisa
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U Wave
It refers to any wave between T andwaves.

3.2 ECG Leads

Lead may refer to the tracing of the voltage défese between two of
the electrodes and is what is actually producedhieyECG recorder.
Each will have a specific name. For example "Léaflelad one) is the
voltage between the right arm electrode and the dah electrode,

whereas "Lead II" (lead two) is the voltage betwé®sa right limb and

the feet. This rapidly becomes more complex asadribe "electrodes”
may in fact be a composite of the electrical sigrah a combination of
the other electrodes. Twelve of these types ofddadn a "12-lead”

ECG.

There are three types of ECG leads used in ECGdicp

a. Standard limb leads
b. Augmented unipolar limb leads
C. Chest (precordial) leads

Standard Limb Leads
The leads are grouped depending on their anatorpiaaément on the
body surface. These include:

Limb (Extremity) Leads

In both the 5- and 12-lead configuration, lead knd Il are called
limb leads. The electrodes that form these sigaatslocated on the
limbs—one on each arm and one on the left leg.lifhe leads form the
points of what is known as Einthoven's trian@eure 1-7).

Lead | is the voltage between the (positive) lefh §LA) electrode and
right arm (RA) electrode: | = LA RA.

Lead Il is the voltage between the (positive) le§ (LL) electrode and
the right arm (RA) electrode: Il = LL — RA.

Lead Il is the voltage between the (positive) lef§ (LL) electrode and
the left arm (LA) electrode: 1ll = L= LA.

In a 12-lead ECG, all leads besides the limb lem@sunipolar (aVR,
aVvlL, aVvF, V1, V2,V3, V4, V5, and V6).
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Fig. 3.2: Einthoven Triangle, lllustrating the Galvanometer
Connections for Standard Limb Leads I, Il and IlI

Augmented Unipolar Limb Leads

Augmented limb leads are aVF, aVL, aVR. They arscdbed by
Goldberger and are unipolar. The leads are conthebte special
mechanism, which allows for augmentation of theteieal activities of
the heart. The positive pole of the augmented liedl is at right arm
for aVR, left arm for aVL and left leg for aVF. Wairecording from
such a lead, the other limbs that are not usedheapadsitive pole are
connected to a central terminal or indifferent &tede which has zero
potential. Thus, there is augmentation of the gteadtactivities by 50%.
The lines of force of the augmented limb leads fam equilateral
triangle.

Lead augmented vector right (aVR) has the poséleetrode (white) on
the right arm. The negative electrode is a commnabdf the left arm
(black) electrode and the left leg (red) electragbkich "augments” the
signal strength of the positive electrode on tgatrarm:

aVr= RA—-% (LA +LL).

Lead augmented vector left (aVL) has the positiMadk) electrode on
the left arm. The negative electrode is a comtomatf the right arm
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(white) electrode and the left leg (red) electrogbich "augments” the
signal strength of the positive electrode on tlitedlen:

aVi- LA—% (RA +LL)

Lead augmented vector foot (aVF) has the positied)(electrode on the
left leg. The negative electrode is a combinatibthe right arm (white)
electrode and the left arm (black) electrode, whalgments" the signal
of the positive electrode on the left leg:

aVer=LL-% (RA + LA).
- I+
aVv a aVvL

avF

Fig. 3.3: The Standard ECG Leads Electrodes

Chest (Precordial) Leads

The electrodes for the precordial leads (V1, V2, V8, V5 and V6) are
placed directly on the chest (Figure 1-9). Becao$etheir close

proximity to the heart, they do not require augragah. The precordial
leads view the heart's electrical activity in theribontal plane. The
heart's electrical axis in the horizontal planeeferred to as the Z axis.

The chest leads are arranged on the chest watirindmtal plane:

V1: 4"intercostal space, right sternal edge
V2 : 4" intercostal space, left sternal edge
V3 : mid-way between ¥and \4

V4. 5"intercostal space, midclavicular line
Vs: 5 intercostal space, anterior axillary line
Ve: 5 intercostal space, mid-axillary line
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Fig. 3.4: Chest Lead Positions

SAE
Describe the different types of ECG leads usedG&GEecording?

4.0 CONCLUSION

In this unit, we discussed about Electrocardiogyafie different waves
and complexes that Electrocardiography is composgedECG and

different types of ECG leads used in ECG recordilgase determine
how much you have learnt to see how much you caalleet about

each of these.

5.0 SUMMARY

In this unit, you have learnt about Electrocardapdry, the different
waves and complexes that Electrocardiography isposed of, ECG
and different types of ECG lead used in ECG recwdiPlease
determine how much you have learnt to see how myaahcan recollect
about each of these.

6.0 TUTOR -MARKED ASSIGNMENT

Activity — See Laboratory assignment as providedhayfacilitator.

Answer the following questions:
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1. What is electrocardiography?
2. Explain  the different waves and complexes of
Electrocardiography

7.0 REFERENCES /FURTHER READING

Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw
Hill,.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.

Guyton, A.C. & Hall, J.E. (2021 Textbook of Medical Physiology.
(14th ed.). Philadelphia: Harcourt Internationalitien, W.B.
Saunders.

Sembulingam K & Sembulingam P.(2012kssential Medical
Physiology. (6th ed.). new Delhi: Jaypee Brothers medical liBaérs
(P) Ltd
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1.0 INTRODUCTION

The ability of the body to get the desirable nuitseare subject to high
well the heart sends its output out for every dgiwonping. In this unit,

you are going to learn more about per minute fondatig of the heart as
such relates to some of the measures that you ttakketermine the
health status of clients. In this unit, you wilMes the concept of cardiac
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output, regulation of the heart rate and the raguiaof the stroke
volume.

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

explain what cardiac output is

discuss the control of cardiac output

explain how heart rate is regulated

explain regulation of stroke volume and its deteramis.

3.0 MAIN CONTENT

3.1 Cardiac Output

Cardiac output is defined as the volume of bloodctejd by each

ventricle per minute. It is a function of hearteraind stroke volume. The
heart rate is simply the number of heart beatsnpewute. The stroke

volume is the volume of blood, in milliliters (mLpumped out of the
heart with each beat. Increasing either heart catestroke volume

increases cardiac output.

Cardiac Output in mL/min = heart rate (beats/min)sixoke volume
(mL/beat).

An average person has a resting heart rate of afs/hb@nute and a
resting stroke volume of 70 mL/beat. The cardiaipoufor this person
atrestis:

Cardiac Output = 70 (beats/min) X 70 (mL/beat) 8@8nL/minute.

The average basal cardiac output is 5L per minutults. This can be
increased tremendously in exercise or other canrditidemanding
increased blood supply to the body tissues.

Thus, cardiac output can be increased either ligasing the heart rate

or by increasing the stroke volume or by increasfinth heart rate and
stroke volume.

3.2 Control of Cardiac Output
Since cardiac output is a product of heart rate ammdke volume,
variations in cardiac output can be produced byhgka in heart rate or

stroke volume or both stroke volume and heart rate.

128



NSC 221 COURSE GUIDE

3.3 Regulation of Heart Rate

The sinoatrial (SA) node of the heart is innervétgdoth sympathetic
and parasympathetic nerve fibers. Under conditimis rest the

parasympathetic fibers release acetylcholine, wtacts to slow the
pacemaker potential of the SA node and thus retieegt rate. Under
conditions of physical or emotional activity symipetic nerve fibers

release norepinephrine which acts to speed up dbenpaker potential
of the SA node thus increasing heart rate. Symgathervous system
activity also causes the release of epinephrina fitee adrenal medulla.
Epinephrine enters the blood stream, and is deld/éo the heart where
it binds with SA node receptors leading to furtimerease in heart rate.

3.4 Regulation of Stroke Volume

Stroke volume (SV) is the volume of blood pumpesirfrone ventricle
of the heart with each beat. The stroke volumeetemhined by two
main factors:

I. Nervous stimuli

. End —diastolic length of cardiac muscle fibers.

Sympathetic nerve stimulation makes the myocardiailscle fibres
contract with greater strength, while parasympath®trve stimulation
has the opposite effect. Increase in strength otraotion without a
concomitant increase in length of muscle fibre $etincreased stroke
volume and reduced end —systolic volume. Increagesart rate caused
by catecholamines released by sympathetic stinomas referred to as
their chronotropic action, while their effect oretforce of contraction is
called their inotropic action. Factors that inceedlse force of cardiac
contraction are said to be positively inotropic dhdse that decrease it
are said to be negatively inotropic.

The end-diastolic length of cardiac muscle fibresaiso an important
determinant of cardiac output. The length of theliee muscle fibres is

determined by how much filling of blood the venleg received during

diastole. The degree to which the ventricular naisslstretched before
it contracts is called preload. It has been shdvah the more the cardiac
muscle fibres are stretched before they contraetgreater is the force
of contraction. This relationship holds as longhes muscle is not over-
stretched to cause damage to the contractile 8sguree relationship of

muscle length to the tension developed is knowBtasings law of the

heart or Frank-Starling law.

SAE
Explain the determinants and regulation of thek&tneolume.
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4.0 CONCLUSION

Cardiac output is the volume of blood ejected bghesentricle per
minute and this is the function of heart rate anoke volume. The heart
rate is the number of heart beats per minute.

5.0 SUMMARY

In this unit, you have learnt about the cardiacpaytthe control of
cardiac output, the regulation of heart rate aredrégulation of stroke
volume.

6.0 TUTOR- MARKED ASSIGNMENT
Activity — As given by the Facilitator
Answer the following questions:

1. Explain what Cardiac Output is
2. Discuss the Control of cardiac output
3 Explain how heart rate is regulated

7.0 REFERENCES/ FURTHER READING

Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw
Hill.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.

Guyton, A.C. & Hall, J.E. (2021 Textbook of Medical Physiology.
(14th ed.). Philadelphia: Harcourt Internationalitien, W.B.
Saunders.

Sembulingam K & Sembulingam P.(2012Essential Medical
Physiology. (6th ed.). new Delhi: Jaypee Brothers medicalliBérs
(P) Ltd
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1.0 INTRODUCTION
The nurse measures the arterial blood pressureeotlients as a basic

assessment of the wellbeing of the person. Inuhis your knowledge
of this procedure will be better enhanced.

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

explain the concept of arterial blood pressure

explain the determinants of arterial pressure

describe how to measure arterial blood pressuneraty
explain the regulatory process of arterial blooesgure.

3.0 MAIN CONTENT
3.1 Arterial Blood Pressure

The force which the blood exerts on the walls &f Hlood vessels is
called blood pressure. This is the force exerteénwtine blood flows
through the arteries. Arterial pressure changesiraoously throughout
each cardiac cycle. The highest pressure reachedgdsystole is
termed systolic arterial pressure and the lowessqure reached during
diastole is called diastolic arterial pressure. Pudse pressure is the
difference between these two values i.e. systotesgure — diastolic
pressure. Mean arterial pressure is the averagssyme during the
cardiac cycle. Mean arterial pressure is giverhigyformula:
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Mean pressure = diastolic pressure + 1/3 of pulessure

Blood pressure is given by the formula: B.P = C.B.R. Where C.O is
the cardiac output and P.R is the peripheral @astst.

Blood pressure can be varied by changing the cardigput or by

changing both PR and CO. Therefore, all factorsctifig cardiac output
and peripheral resistance will influence arteris¢gsure. The normal
values of blood pressure for a given populationashdairly wide range

in its distribution and also increase with age. $istolic blood pressure
in person below 50 years of age ranges from 900-1d Hg, while the

diastolic pressure ranges from 60-90 mm Hg. Wittreasing age, both
systolic and diastolic pressures will increase.

Blood is pumped out of the heart at an averagespresof 120 mm Hg
during systole.

3.2 Determinants of Arterial Pressure

There are some factors necessary for the maintenaihcormal blood
pressure, which are called local factors, mechanfeators or
determinant of blood pressure. These factors andeti into two types
called central factors and peripheral factors.

Central factors are related to the heart. Theswraare (i) cardiac
output and (ii) heart rate.

Peripheral factors are the factors pertaining tootl vessels. The
following are the peripheral factors determinintegal blood pressure.

(1) Peripheral resistance

(2) Blood volume

(3) Venous return

(4) Elasticity of blood vessels
(5) Velocity of blood flow

(6) Diameter of blood vessels
(7)  Viscosity of blood

Cardiac Output

Whenever the cardiac output is increased, the lgysitnod pressure is
increased and, when cardiac output is less, thelgyblood pressure is
reduced. Cardiac output depends upon blood volureepus return,
heart rate and force of contraction. Cardiac outpsit directly
proportional to blood volume. When blood volumereases, ventricular
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filling is more, cardiac output is more and pressuises. When the
blood volume is reduced, the cardiac output is bs$ blood pressure
falls.

Heart Rate

Moderate changes in heart rate do not affect aftddiood pressure
much. However, marked alteration in the heart &dfects the blood
pressure by altering diastolic period and strokeme.

Peripheral Resistance

This is an important factor which maintains diastddlood pressure.
The diastolic blood pressure is directly proporéibrio peripheral

resistance. When peripheral resistance is decredsesiolic pressure is
less and when peripheral resistance is more, #stalic pressure rises.

Blood Volume

Blood pressure is directly proportional to bloodwuoe. Blood volume
maintains the blood pressure through the venousreand cardiac
output. If the blood volume is more, there is ims® in venous return
and cardiac output resulting in elevation of blopessure. Blood
pressure is increased in polycythemia vera becafiggcreased blood
volume. The decrease in blood volume causes falblaod pressure
because of reduced cardiac output. This occurs oinditions like

diarrhea, vomiting and other conditions of dehyidraand hemorrhage.

Venous Return

Blood pressure is directly proportional to venoagim. When venous
return is more, there is increase in ventricultin§ and cardiac output
resulting in elevation of arterial blood pressure.

Elasticity of Blood Vessels

Blood pressure is inversely proportional to thesetdty of blood
vessels. Due to the elastic property, the bloodelssare distensible and
are able to maintain the pressure. When the elpstigerty is lost, the
blood vessels become rigid and atherosclerosisesagisvated pressure.
It occurs in old age. The deposition of cholestefatty acids and
calcium ions, produce rigidity of blood vessels aaiherosclerosis
leading to increased blood pressure.

Velocity of Blood Flow

The pressure in a blood vessel is directly propodi to the velocity of
blood flow. If the velocity of the blood flow is me, the resistance is
increased hence; the blood pressure is also irerteas
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Diameter of Blood Vessels

The arterial blood pressure is inversely proposdldo the diameter of
the blood vessels. If the diameter of arteries anerioles decreases, the
peripheral resistance is more and thereby, thedjtwessure is elevated.

Viscosity of Blood

Arterial blood pressure is directly proportionalth@ viscosity of blood.
When viscosity of blood is increased, the resigaiscincreased and
thereby the blood pressure increases. In polycyidnemd high content
of plasma proteins, the viscosity of blood is irased causing increase
in blood pressure. In anaemia, the reduced viscdsitreases the blood
pressure.

3.3 Measurement of Arterial Blood Pressure

The first documented measurement of blood pressasesaccomplished
by Stephen Hales (1677-1761), an English clergyamahphysiologist.
Hales inserted a cannula into the artery of a hars® measured the
heights to which blood would rise in the vertiasbé. The height of this
blood column bounced between the systolic presatits highest and
the diastolic pressure at its lowest, as the heant through its cycle of
systole and diastole. This method is invasive i@t tiit involves
penetrating the body tissues to reach the artelthhoAgh the invasive
technique is used frequently in experimental arsmnél is not often
suitable for use in man. Clinically, arterial blopdessure is measured
indirectly by using a sphygmomanometer. The sphygarmometer
comprises an inflatable rubber cuff covered byyaidaf non-distensible
fabric and this is attached to a mercury manom@tee. rubber cuff is
usually wrapped around the upper arm (about thedimithird of the
upper arm). There is a rubber hand-pump attachétketoubber cuff and
pressure in the cuff can be altered by pumpingirao the cuff to
increase its pressure or releasing the air throagheedle value to
decrease the pressure (Figure 8-1).
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Fig. 5.1: Measurement of Blood Pressure: Use of the
Sphygmomanometer

There are two methods of measuring arterial blombsgure using the
sphygmomanometer. These are:

I By palpation
. By auscultation

The two methods are often combined during sphymomatry (this is
the process of measuring blood pressure using ggspfmanometer).
In the palpation method, the radial pulse is pa&gand the palpating
fingers are kept on the radial artery while the spuge in the
sphygmomanometer cuff already wrapped round the iargradually
increased. The reading of the mercury manomettreapoint when the
radial pulse can no longer be felt is the systpliessure. The cuff
pressure is increased further by about 50 mm Hgelbe point of
disappearance of the radial pulse. Then the seawmethod, the
auscultatory method, is carried out. At the pealntiéition of the cuff, a
stethoscope is placed over the lower end of thadmial artery in the
cubital fossa of the elbow joint (the artery is albpy medial to the
tendon of the biceps muscle at the cubital fos§hg pressure in the
cuff is reduced gradually while the observer igeléng with the
stethoscope for any sound from the point of auatiali. When the cuff
pressure has fallen to just below the systolicqures a clear, but often
faint, tapping sound is suddenly heard. The cuffspure at which the
tapping sound is suddenly heard is the systolicsquee. As the cuff
pressure is reduced further, the tapping soundrbesdouder until it
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gets to a point when the sound becomes muffled rapdlly grows
fainter. Finally, the sound disappears. The diastpressure is the
pressure at which muffling occurs.

The sound heard at the cubital fossa during aws@uit is called
Korotkoff sounds. It is named after a Russian phlggiist who first
described these sounds in 1905. Korotkoff sourmtaduced at the peak
of each systole by the transient and turbulent dlBow through the
partially occluded branchial artery. It is not #@me as heart sounds and
it is not heard in a fully opened artery, in whibdbw is non-turbulent.
This is why the sound disappears at pressure biflewiastolic pressure
when blood flow is no longer turbulent.

3.4 Regulation of Arterial Blood Pressure

The maintenance of arterial blood pressure withiragge of values
consistent with health is mediated by two typesesiponse. There are
rapid, short-term adjustments and long-term adjasts

Short-term adjustment are intended to correct teamgambalances of
pressure such as those caused by postural changecise or
haemorrhage; short-term adjustment is usually &sef autonomic
reflex responses mediated via the cardiovasculatres in the medulla
i.e. baroreceptors reflex.

Long—term arterial blood pressure regulation isallguconcerned with
the balance between extracellular fluid and blootbime on the one
hand and the renal mechanisms controlling uring@udubn the other
hand. Renal urine output involves pituitary —adtenaortical

mechanisms which control water and sodium excretigrine kidney.
Disturbances of this renal process may result idgal increase in
arterial blood pressure and if continued, it caadleto persistent
elevation of blood pressure called hypertension.

Baroreceptor Reflex

The baroreceptor reflex is one of the body's hota#icsmechanisms for
maintaining blood pressure. It provides a negafeedback loop in
which an elevated blood pressure reflexively caubeart rate to
decrease and also causing blood pressure to derrdiiswise,
decreased blood pressure activates the baroreseptarsing heart rate
to increase, and also causing an increase in lgoesbure.

The baroreceptors are stretch receptors locatttkinarotid sinuses (the
slightly widened areas of the internal carotid 1@t at their points of
origin from the common carotid arteries) and in #wetic arch (Figure
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1-41). Impulses arising in the carotid sinus trawplthrough afferent
fibres in the sinus nerve, which is a branch of ¢hessopharyngeal
nerve (IX" cranial nerve) and synapse at the vasomotor céviMc).
Impulses arising from the aortic arch reach the VM& afferent fibres
in the vagus nerve (Xcranial nerve).

When there is an increase in blood pressure, therdxzeptors are
stretched, and this leads to increased dischargaffefent impulses
through the IX and X cranial nerves to the VMC. 3&eafferent
impulses are inhibitory to the tonic activity oetvVMC. Their effect is
to reduce the sympathetic outflow to the arterioles

This leads to vasodilatation and a reduction ino8l@ressure. In
addition to the effects on the VMC, afferent immslsfrom the
baroreceptors stimulate the cardioinhibitory centteading to a
reduction in heart rate and force of contractioth& myocardium. The
latter effects lead to a reduction in cardiac ottpnd the combined
effects of reduced peripheral resistance and ocardigput result in
decrease of blood pressure.

When there is a fall in blood pressure, the revefshe above responses
occur. There is reduced stretching of the baroftecgpless inhibitory

afferent impulses are sent to the VMC and cardentre. As a result of

this, there is increased sympathetic dischargehw® llood vessels

resulting in vasoconstriction and increased perngheesistance. There
is also reduced stimulation of the cardioinhibit@entre so that heart
rate and force of cardiac contraction are incredsading to increased
cardiac output. The combination of increased perighresistance and
cardiac output result in increased of blood pressiine response of the
baroreceptors to increased or reduced blood pressperate on a

negative feedback mechanism and a careful adjustoig¢he responses
to a rise or fall in blood pressure helps in maimiay a constant blood

pressure.
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Fig. 5.2: The Baroreceptor System for Controlling Aterial Pressure

Renin — Angiotensin — Aldosterone System
The kidneys play an important role in the long tesgulation of arterial
blood pressure. Kidneys regulate arterial bloodguee in two ways:

(1) By regulation of extracellular fluid volume
(2)  Through renin-angiotensin mechanism

By Regulation of Extracellular Fluid Volume
When the extracellular fluid volume increases, ltih@od volume also
increases. This will tend to increase the artdriabd pressure.

However, when the pressure is increased, the k&dmxygrete more

water and salt, particularly sodium. This reducetsraeellular fluid
volume and, in turn the arterial blood pressurediced.
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Even slight increases in blood pressure can dothig@levater excretion
which is known as pressure diuresis. Elevated bjmedsure also leads
to sodium excretion, which is called pressure oegsis. When blood
pressure falls due to decreased extracellular flumlume, the

reabsorption of water from renal tubules is inceelaand the volume of
extracellular fluid is restored.

Through Renin — Angiotensin Mechanism

When there is a fall in blood pressure, specialscel the kidney

collectively called juxtaglomerular apparatus detdee change and
release renin into the bloodstream. Renin conwmtgotensinogen the
inactive forms of angiotensin, which is produced the liver, to

angiotensin I. Angiotensin | is converted to angmsin Il by

angiotensin converting enzyme (ACE) in the lungsgiatensin Il acts
in two ways to increase arterial blood pressure.

(1) It causes constriction of arterioles in the body that the
peripheral resistance is increased, and blood pressises.
Simultaneously, constriction of afferent arterioles kidney
causes retention of water and salts so that, tHame of
extracellular fluid is increased. This in turn cess the normal
blood pressure.

(i)  Angiotensin 1l also stimulates adrenal corte® secrete
aldosterone. This increases  reabsorption ofisodrom renal
tubules. Sodium reabsorption is followed by watshsorption
and thereby extracellular fluid volume is increased! blood
pressure becomes normal.
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Fig. 5.3: Renal Regulation Of Blood Pressure By Rem -
Angiotensin Mechanism

SAE
Explain the various factors that determine theraitpressure.

4.0 CONCLUSION

The force which the blood exerts on the walls ¢f Hlood vessels is
called blood pressure. This is the force exerteénwtine blood flows
through the arteries. Arterial pressure changesiraoously throughout
each cardiac cycle. The pressure is determinedizjjac and peripheral
factors and it is also regulated with short-ternusitinents and long-
term adjustments and controlled by baroreceptdisxr@and the renal
angio-tensin mechanisms.

5.0 SUMMARY
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In this unit, you have learnt about the arteriabdd pressure,
determinants of arterial pressure, measurementeria blood pressure
and the regulation of arterial blood pressure.
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6.0 TUTOR-MARKED ASSIGNMENT

Activity — Laboratory and practical assignments as given kg th
Facilitator

Answer the following questions:

1. What is Arterial blood pressure?
2. Describe the process of measuring arterial bjiyedsure.
3 Explain how arterial blood pressure is regulated

7.0 REFERENCES/FURTHER READING

Fox, S.l. (2012)Human Physiology. (12th ed.). New York: Mc Graw
Hill,.

Ganong, W.F. (2019)Review of Medical Physiology. (26th ed.). New
York: Mc Graw Hill.

Guyton, A.C. & Hall, J.E. (2021 Textbook of Medical Physiology.
(14th ed.). Philadelphia: Harcourt Internationalitien, W.B.
Saunders.

Sembulingam K & Sembulingam P.(2012kssential Medical
Physiology. (6th ed.). new Delhi: Jaypee Brothers medicalliBaérs
(P) Ltd

142



NSC 221 COURSE GUIDE

UNIT 6 CIRCULATORY SHOCK
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Circulatory Shock
3.2  Stages of Shock
3.3  Types of Shock
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION
Shock is a state of compromise to life. Circulatelhpck threatens life
and it if is not managed as an emergency, it coegdlt to loss of life. In

this unit, you will learn more about circulatoryostk as for you to
understand the physiological bases on intervention.

2.0 OBJECTIVES

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

. define circulatory shock
. explain the stages of shock
o explain different types of shock.

3.0 MAIN CONTENT
3.1 Circulatory Shock

Circulatory shock is a state of inadequate tissadugion associated
with or due to relative or absolute inadequacy afd@c output. The
essential signs of shock are rapid heartbeat (tartia/tachypnoea,
both compensatory mechanisms), low blood presswym@ofension), and
signs of poor end-organ perfusion or "decompensat{such as low
urine output, confusion or loss of consciousness).
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3.2 Stages of Shock
There are four stages of shock

Compensatory (Compensating)

This stage is characerised by the body employingsiplogical
mechanisms, including neural, hormonal and bio-agbahmechanisms
in an attempt to reverse the condition. As a restilihe acidosis, the
person will begin to hyperventilate in order to tite body of carbon
dioxide (CQ). CQ; indirectly acts to acidify the blood and by rentayi
it the body is attempting to raise the pH of thedol. The baroreceptors
in the arteries detect the resulting hypotensio, @ause the release of
adrenaline and noradrenaline. Noradrenaline caysesominately
vasoconstriction with a mild increase in heart ratbereas adrenaline
predominately causes an increase in heart rateanstinall effect on the
vascular tone; the combined effect results in acreiase in blood
pressure.

Renin-Angiotensin system is activated and antietiarhormone (ADH)
is released to conserve fluid via the kidneys. €hesrmones cause the
vasoconstriction of the kidneys, gastrointestimatt, and other organs
to divert blood to the heart, lungs and brain. Tdek of blood to the
renal system causes the characteristic low urimelymtion. However
the effects of the renin-angiotensin system takeetand are of little
importance to the immediate homeostatic mediatiaghock.

Progressive (Decompensating)

Should the cause of the crisis not be succesdi@ated, the shock will
proceed to the progressive stage and the compepsatechanisms
begin to fail. Due to the decreased perfusion ef dklls, sodium ions
build up within while potassium ions leak out. Asaarobic metabolism
continues, increasing the body's metabolic acido#ie arteriolar
smooth muscle and precapillary sphincters relak soiat blood remains
in the capillaries. Due to this, the hydrostatiegaure will increase and,
combined with histamine release, this will leaddakage of fluid and
protein into the surrounding tissues. As this flusdlost, the blood
concentration and viscosity increase, causing shgd@f the micro-
circulation. The prolonged vasoconstriction wils@alcause the vital
organs to be compromised due to reduced perfudiothe bowel
becomes sufficiently ischemic, bacteria may enkex blood stream,
resulting in the increased complication of endatcstiock.

Refractory (Irreversible)
At this stage, the vital organs have failed andstieck can no longer be
reversed. Brain damage and cell death are occurand death will
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occur imminently. One of the primary reasons tlmic& is irreversible

at this point is that much cellular ATP has beegrdded into adenosine
in the absence of oxygen as an electron receptéimermitochondrial

matrix. Adenosine easily perfuses out of cellulaenmbranes into

extracellular fluid, furthering capillary vasodilat, and then is

transformed into uric acid. Because cells can pnbduce adenosine at
a rate of about 2% of the cell's total need perrhewen restoring

oxygen is futile at this point because there is aenosine to

phosphorylate into ATP.

Inadequate perfusion
l
Cell hypouia
l
Energy deficit
|
Lactic acid accumulation and = Anasrabic metabolizm
fall in pH
l
Vasoconstriction + Metabolic acidosis
l }
Fallure of pre-capillary  Cell membrane dysfunction and
sphincters failure of ‘sodium pump’
1 l Efflux of potassium
Peripheral pooling of  Intracellular lysosomes release
blood digestive enzymes ,
| Influx of sodium and water

Toxic substances enter circulation
l
Capillary endothelium damaged
l
Further destruction, dysfunction and cell death

Fig. 6.1: Effects of inadequate perfusion on cefilinction
3.3 Types of Shock

There are four types of shock: hypovolemic, cagdioc, distributive
and obstructive shock

I. Hypovolemic shock e.g. hemorrhage, trauma, syrgburns,
fluid loss- diarrhoea, and vomiting

. Distributive shock/Vasogenic or low resistanahock e.g.
fainting, anaphylaxis and sepsis

iii.  Cardiogenic shock e.g. myocardial infarctiotgpngestive heart
failure.
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iv.  Obstructive shock (obstruction to blood flow)ge tension
pneumothorax, pulmonary embolism, cardiac tampenad

Hypovolemic Shock

In this form of shock, there is an absolute remcof the intravascular
blood volume. Therefore the amount of blood avad@dbr the heart to
pump to the tissues is greatly reduced. Venougrratireduced and
therefore by Starlings law, the cardiac outpueruced. The symptoms
of this shock is similar irrespective of the partar cause whether due
to diarrhoea and vomiting, burns or haemorrhagee $ymptoms are
due to the body’s attempts to compensate for ttheced blood volume.

These symptoms and signs include:

I Cold skin particularly in the periphery, this igdue to
vasoconstriction of vessels to the skin in an gttetm shunt more
blood to the heart and other vital tissues paridylthe brain.

. Pallor and Clammyness of the skin are also edusy the above
compensatory mechanism

iii.  Thirst: The person feels an urge to drink. §hs due to the
stimulation of the thirst center located in the dymlamus by
hormones produced in response to depressed bldathgoThe
principal hormones involved are the antidiureticrhone and
angiotensin 1.

iv. Rapid respiration or air hunger. The diminishiea$ue perfusion
leads to hypoxia which is detected by the chemgtece which
in turn send signals to the respiratory cententodase the rate of
respiration in order to take in more oxygen. Thi€reéased
respiration also helps to increase venous retuih therefore
cardiac output via the thoracic pump

V. A rapid thready (low volume) pulse. The puls¢eras greatly
increased in order to compensate for the diminiskadke
volume occasioned by the reduction of blood volurB&ce
cardiac output, CO = HR x SV, in order to incre@sg, the heart
rate must increase greatly, the threadiness gfulee i.e. the low
volume is due to the diminished stroke volume.

vi.  The blood pressure is greatly reduced (hypavensBP = CO x
TPR. Since CO depends on blood volume, the reduatidlood
volume causes a decrease in cardiac output leadirggfall in
blood pressure.

Distributive Shock

In distributive shock there is a widespread vasadilon which
effectively increases the capacity of the circolatiBlood is trapped in
non-essential areas of the body thereby being ulaél& for circulation

to the vital organéeart, kidneys and brain. In these situations, the
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cardiac output is normal. There is thus a relainaglequacy of cardiac
output. These forms of widespread vasodilation Leseally caused by
toxins in sepsis, chemicals produced in anaphyadhock. In

neurogenic shock a sudden widespread vasodilatoars with pooling

of blood in the veins. This effectively reduces tenous return and
cardiac output and results in fainting. This usuattcurs in situations of
profound grief or overwhelming fear.

Septic Shock

This refers to a bacterial infection widely disseated to many areas of
the body, with the infection being borne througke tilood from one
tissue to another and causing extensive damage.

Some of the typical causes of septic shock incthddollowing:

I Peritonitis caused by spread of infection frohe tuterus and
fallopian tubes, sometimes resulting from instrutakm@bortion
performed under unsterile conditions.

. Peritonitis resulting from rupture of the gasiitestinal system,
sometimes caused by intestinal disease and sontetinye
wounds.

iii. Generalised body infection resulting from spdeof a skin
infection such as  streptococcal or staphyloabmfection.

iv. Generalised gangrenous infection resulting igady from gas
gangrene bacilli, spreading first through periphe¢issues and
finally by way of the blood to the internal orgamespecially the
liver.

V. Infection spreading into the blood from the legnor urinary
tract, often caused by colon bacilli.

Some Features often Observed are:

I. High fever.

il. Often marked vasodilation throughout the boegpecially in the
infected tissues.

iii.  High cardiac output in perhaps half of pat®ntcaused by
arteriolar dilation in the infected tissues andtgh metabolic
rate and vasodilation elsewhere in the body, riegulfrom
bacteria toxin stimulation of cellular metabolismdafrom high
body temperature.

iv. Sludging of the blood, caused by red cell agghtion in
response to degenerating tissues.
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Cardiogenic Shock

This is shock arising from the heart inability tengrate enough force or
beat frequently enough to maintain the cardiac wutpherefore, heart

rate is reduced as occurs in heart block and attbythmia.

Obstructive Shock

In this type of shock, the flow of blood is obstest which impedes

circulation and can result in circulatory arrestv&al conditions result
in this form of shock.

Cardiac tamponade: In which fluid in the pericardium prevents inflow
of blood into the heart (reduced venous return).

Constrictive pericarditis: The pericardium shrinks and hardens.

Tension pneumothorax: Through increased intrathoracic pressure,
blood flow to the heart is prevented (decreasedwgmeturn).

Massive pulmonary embolism: It is the result of momboembolic
incident in the blood vessels of the lungs and éiadhe return of blood
to the heart.

Aortic stenosis: This hinders circulation by obstructing the venitar
outflow tract.

SAE
Describe the compensatory mechanisms that actige dood volume
during cardiovascular shock.

4.0 CONCLUSION

Circulatory shock is a state of inadequate tissadugion associated
with or due to relative or absolute inadequacy afd@c output that
present in four stages. The essential signs ofkshoe rapid heartbeat
(tachycardia/tachypnoea, both compensatory meadnafislow blood

pressure (hypotension), and signs of poor end-orgariusion or

"decompensation” (such as low urine output, copfusior loss of

consciousness). Hypovolemic shock e.g. hemorrhtagema, surgery,
burns, fluid loss- diarrhoea, and vomiting, Shoek de hypovolumic,
distributive  shock/vasogenic, cardiogenic orboldive shock

manifesting with varied signs and symptoms. Thesaus in a very high
position to detect, respond appropriately and gaddife of a client in a
state of shock by applying the knowledge of thehplaigy associated
with shock.

5.0 SUMMARY
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In this unit, you have learnt about circulatory skostages of shock,
types of shock and the signs and symptoms thatudhge must be able
to pick and respond to promptly to safe the clieom loosing his/her
life.

6.0 TUTOR- MARKED ASSIGNMENT

Activity
Answer the following questions:

I What is Circulatory Shock?

il. Describe the four stages of shock.

iii.  Explain the different types of shock.

iv.  Explain the physiological underpinnings of thggns and
symptoms of shock.
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