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INTRODUCTION

Welcome to the first level course in Human PhygigloNSC 104 —
Human Physiology I. This is a first year foundatida science course
that you need to be knowledgable in as a nurseusecia provides the
foundation about how the body functions. It laye fbundation for a
thorough understanding of the physiology and patlsiplogy of body
organs, hence this course is fundamental to nurstegventions 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 exfgssionals that will
develop care to meet variations in meeting normal abnormal body

physiology.
COURSE OBJECTIVES

By the end of this course, you will be able to:

o discuss the context of the cell as the functiomdt of the body.

o apply the understanding of the mechanisms of dycsawii body
fluids, homeostasis and the immune process in statating
changes and the control of the physiological bodycgss of
clients.

WORKING THROUGH THISCOURSE

The course will be delivered adopting the blendsaiing mode, 70%
of online but interactive sessions and 30% of fmetace 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 sessiorke 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 youitvihe course sites
weekly and do all assignments to meet deadlines@ndntribute to the
topical issues that would be raised for everyonerigribution.

You will be expected to read every module alonghwatl assigned
readings to prepare you to have meaningful cortioha to all sessions
and to complete all activities. It is importantttigau attempt all the self-
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assessment questions (SAQ) at the end of every tantielp your

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

COURSE MATERIALS

arwnhPE

Course Guide
Study Units
Text Books
Assignment
Tutorials

STUDY UNITS

This course comprises 3 modules of 14 units.

Module 1

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5

Module 2

Unit 1
Unit 2
Unit 3

Module 3

Unit 1
Unit 2
Unit 3
Unit 4
Unit 5
Unit 6

The Cell

Transport across Cell membrane

Biologically Important Molecules and th&unctions
Homeostasis

Nerve and Muscle Physiology

Body Fluids
Haemostasis
Immune System

Circulatory System

Cardiac Functioning

Electrocardiography

Cardiac Output and Control of Cardiac Quitp
Arterial Blood Pressure

Circulatory Shock
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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 ydatain from this
course. Further information on the assignments ball found in the
assignment file itself and later in the sectioraeeessment in this course
guide. Each unit is loaded with a minimum of twgigaments. In any
way, there many assignments for this course anddbeer every unit.

ASSESSMENT

There are two aspects to the assessment of thisecokbirst are the
tutor-marked assignments, second is a written exation. In doing the
assignments, you are expected to apply informatimowledge and
technique gathered during the course. The assigismenst be
submitted to your tutor for formal assessment inoatance with the
deadline agreed upon in the assessment file. Th& ywau submit to
your tutor for assessment will count for 50% of ytatal course mark.
At the end of the course, you will need to sit fomal written

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

PRESENTATION SCHEDULE

Your course materials have important dates foréhdy and timely

completion and submission of your TMAs and attegdimorials. You

should remember that you are required to submiy@llr assignments
by the stipulated time and date. You should gugairst falling behind
in your work.

Vi
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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 worktiome, contact your
tutor before the assignment is due to discuss thesipility of an
extension. Extension will not be granted after dne date unless there
are exceptional circumstances.

FINAL EXAMINATION AND GRADING

The end- course- examination will be for three koamd it has a value
of 70% of the total course work. The examinationl wbnsist of
guestions, 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 uagt and sitting for the
examination to revise the whole course. You might fit useful to
review your self-test, TMAs and comments on thenfolee the
examination. The end- of- course examination couggmation from
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 allearourse marks.

Total 100% of course materials.

COURSE OVERVIEW

Human Physiology (1)

Physiology is the scientific study of how the badgrks 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 envirorinmeside the body.
Physiology is the functional basis of the healtlesces, because most
disease states are the result of disturbancesysfqglbgical processes. A
basic knowledge of physiology is therefore esserita all students

Vil
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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 functioning #r& immune
processes.

HOW TO GET THE MOST FROM THIS COURSE

Read and understand the context of this coursee@gimg 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 mastgregetations in terms
of reading, participation in discussion forum, esfdunit 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 anchsdt websites when
given.

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

Submit your assignments as at when due.

Work ahead of the interactive sessions.

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

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

Be optimistic about doing well.

FACILITATORS TUTORSAND TUTORIALS

There are 12 hours of tutorials provided in suppdrthis course. You
will be notified of the dates, times and locatioh tbhese 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

viii
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difficulties you might encounter and provide assise to you during
the course. You must mail your TMAS to your tutcelMbefore the due
date (at least two working days are required). Thdlybe marked by
your tutor and returned to you as soon as possibdenot refuse to
contact your tutor by telephone, e-mail or direscdssion 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 egises

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

tutor's comments

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

On an assignment or with the grading of an assigmmyeu should try

your best to attend the tutorials. This is the otiyance to have face
contact with your tutor and to ask questions whare answered
instantly. You are free to raise any problem entenad in the course of
your study. To maximise the benefit from courseoriats, prepare

guestion list before attending them. You will leamd gain a lot from

participating in discussions group actively.
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MODULE 1

INTRODUCTION

The human body is made of several cells that p@rfoasic functions
that sustain life. Different types of cells aggregt form organs that
ultimately perform different functions. While difient organs perform
different functions, the body must function in hamg. This module
covers cell functioning and body’s methods of acimg harmony
through homeostasis.

MODULE OBJECTIVES

By the end of this module, you will be able to:

o discuss how the cell performs the various functions
o discuss how the plasma membrane performs its fumsti
o discuss how the body sustain homeostasis with ibomitvn from

the different body systems.

Unit 1 The Cell

Unit 2 Transport across Cell Membrane

Unit 3 Biologically Important Molecules and their Functson
Unit 4 Homeostasis

Unit 5 Nerve and Muscle Physiology

UNIT1 THE CELL
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Organisation of the Cell
3.2  Cell Structure
3.3 Cell or Plasma Membrane
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 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 interckdiu supporting

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

trillion in each human being, transport oxygen fréime lungs to the

tissues.

20 OBJECTIVES

By the end of this unit, you will be able to:

o explain the organisation of the cell

o explain 3 different substances that make up the cel

o give detailed explanation of the cell structure

o draw a typical cell showing the organelles in tgoplasm and
the nucleus

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

) describe the cell or plasma membrane.

3.0 MAINCONTENT

3.1 Organisation of the Cdll

The cell has two major parts namely the nucleusthedaytoplasm. The
nucleus is separated from the cytoplasm by a nuoheabrane, and the
cytoplasm is separated from the surrounding fliags cell membrane,
also called the plasma membrane. The differenttanbss that make up
the cell are collectively called protoplasm. Préésm is composed
mainly of five basic substances: water, electralypgoteins, lipids, and
carbohydrates.

The Protoplasm

Water

The principal fluid medium of the cell is water, it is present in most
cells, except for fat cells, in a concentration 7@% to 85%. Many
cellular chemicals are dissolved in the water. @itee suspended in
the water as solid particulates. Chemical reactiaks place among the
dissolved chemicals or at the surfaces of the sulguk particles or
membranes.

2
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Electrolytes (1ons)

The most important ions in the cell are potassiumagnesium,

phosphate, sulfate, bicarbonate, and smaller diemtiof sodium,

chloride, and calcium. The ions provide inorgarhemicals for cellular
reactions. Also, they are necessary for operaticsome of the cellular
control mechanisms. For instance, ions acting atcéll membrane are
required for transmission of electrochemical impalsn nerve and
muscle fibers.

Proteins

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

Lipids

The biologically important lipids are the fatty dsj triglycerides,
phospholipids and sterols. Fatty acids can be a&@&dror unsaturated
while phospholipids are found in cell membranes nehibey 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 importamiirse of energy in the
body.

3.2 Cdl 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 organsl&siimportant as the
cell’s chemical constituents for cell function. Rostance, without one
of the organelles, the mitochondria, more than @%e cell’'s energy
release from nutrients would cease immediately. et important
organelles and other structures of the cell arevahn Figure 1.1.
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Fig.1.1: A Typical Cedl, Showing the Organelles in the Cytoplasm
and the Nucleus

Nucleus

The nucleus, shown in Figure 1-2, is usually a gpak organelle,
though its shape may vary in some cells. It isaurded by a membrane
called nuclear membrane. The nuclear membrane tasledlayer and
the two layers are fused at some points to producéear pores which
are thought to allow molecules pass between thlEeas@nd cytoplasm.
There is a smaller spherical structure within theleus, the nucleolus.
The fluid contained within the nucleus is calledcleoplasm to
differentiate it from the fluid in the rest of tleell which is referred to as
cytoplasm. The nucleus is best seen in a cell hiaat been stained
because the chromatin within the nucleus staingllyivin the unstained
state, chromatin is colourless. Chromatin gives testhe chromosomes
when a cell divides. Chromosomes are primarily cosed of
deoxyribonucleic acid (DNA). DNA is the basic subste 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 themfmtion of protein.
Thus, the nucleus is the repository of geneticrmgtion for the whole
body.
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Fig. 1.2: Structure of the Nucleus

Cytoplasm

This is the jelly-like fluid between the nuclear migrane and the cell
membrane inside which the cell organelles are swgmke The clear
liquid portion in which the particles are suspendgedalled the cytosol.
Cytoplasm is mostly water but it contains electteland about 15%
protein plus fat and carbohydrate. The cytoplasmprises about 80%
of the total weight of the cell.

Endoplasmic Reticulum and Ribosomes

There are small cytoplasmic tubules collectivelijechthe 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 lmbsomes. This part is
called the agranular, or smooth, endoplasmic retiou as shown in

Figure 1.3.

The tubules of the granular, ribosome-containingogtasmic 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 paksesgh the pores
in the nuclear membrane to enter the cytoplasm. MRNA then
becomes attached to ribosomes, where it directs fahmation of
proteins. Once synthesised, protein enters thddslmi the endoplasmic
reticulum. After the protein accumulates in theufels, parts of the
tubules break off to become spherical vesiclesaipmg quantities of

5
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protein. These vesicles then become part of thg ggiparatus and the
protein is eventually secreted from the cell.

The agranular endoplasmic reticulum does seem tanbelved in
protein synthesis; yet many hormones are founckdtor these tubules.
In the cells of glands that secrete hormones, sgcthe thyroid gland,
the agranular endoplasmic reticular tubules conkaige quantities of
the hormone. Smooth endoplasmic reticulum is in@dlin the synthesis
of lipid steroid hormones and, in liver cells, aains the enzymes which
catalyse glycogen breakdown.

Smooth
Endoplasmic
Reticulum

Nuclear
Pore

Nuclear
Envelope

g
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 collectibriubules and

vesicles. Secretory granules are formed in the iGadgaratus. 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 amd thackaged into
vesicles of secretory granules. These vesicles e 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.
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Golgi vesicles
]

\

Golg
apparatus
¢ e, v A= . .
-. < " Lt LN ?-5 ER vesicles
- - -.
-y - o, Me"
- - . 9w
& 3.3t
-’ - -
et sif
:" = " ok Endoplasmic
| -{qfoi.: reticulum

Fig. 1.4: A Typical Golgi Apparatus and its Relationship 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 essentidlligedlular 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)ggnis made
available to the cell. This energy is used for traious 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 endagycontraction.

Each mitochondria is bounded by a smooth outer manebwhich is
separated by a small space of about 8nm from &doailsther membrane.
These folds are called cristae and they are studdtedninute particles.
The inner and outer membranes, the space betwesn the membrane
bound particles and the inner matrix contains eres/mAll of the
enzymes which break down nutrient substances etioon dioxide and
water, together with the enzymes which enable ithester 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.

7
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Mitochondria can increase its own number by remkatdfreplication.
This occurs when there is need for increased ammafrATP in the cell.
Mitochondria contain deoxyribonucleic acid (DNA)msiar to that
found in the nucleus. The DNA of the mitochondritike that in the
nucleus, controls its replication.

ATP synthasa particles

infer membransa space

cristas
Ribosome ™ §,

Inner membrane
Ouwter membranea
DA

Fig. 1.5: Structure of Mitochondria

Centrosome

The centrosome contains two centrioles. They loselto 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 pgudl thromosome pairs
apart. In this way, one set of chromosomes goeméoside of the cell
and the other set to the other. When the cell dsji@ach new cell has a
complete set of chromosomes.

L ysosomes

Lysosomes are vesicular organelles that form bgpking off from the

Golgi apparatus and then dispersing throughoutyt@plasm. When a
cell engulfs bacteria, the bacteria come in contéth the lysosomal
enzymes, which then destroy them. When a cell diss,lysosomal
membrane disintegrates and the enzymes are freact tn the cellular
debris to digest it. Hence, lysosomes are ofterrmed to as suicide
bags. Hence, lysosome functions as a form of digeslystem for the
cell. Each lysosome is filled with large numberswofall granules which
are protein aggregates of hydrolytic (digestiveyyames. The main
substances liposomes digest are proteins, carbategilipids.
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Per oxisomes

Peroxisomes are also small membraoend bodies which are similar
in appearance to lysosomes. They contain cataldsehwauses the
breakdown of hydrogen peroxide. The peroxisomes lon@ne contains
some peroxisome — specific proteins that are cowmckrwith the
transport of substances into and out of the mafritke peroxisome. The
matrix contains more than 40 enzymes and thesenes\operate in
concert with other enzymes outside the peroxidasmatalyse reactions,
including the catabolism of very long chain fattyds.

3.3 Cdl or Plasma Membrane

The membrane that surrounds the cell is calleccélemembrane. It is
also referred to as the plasma membrane. Figunewssthe structure of
the cell membrane. The cell membrane is composeaagly of
membrane protein and lipid and is about 7.5 nm AAgstrom units)
thick. They are semi permeable allowing some suss® to pass
through and excluding others. The major lipids pie@spholipids and
the approximate composition of the cell membranprateins, 55 per
cent; phospholipids, 25 per cent; cholesterol, &3gent; other lipids, 4
per cent; and carbohydrates, 3 per cent. The amtepobdel concept of
the structure of the cell membrane is that of adflmosaic model.
According to this concept, the lipid bilayer is fiorm 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 inligheé bilayer. These
are membrane proteins, most of which are glycoprot€he protein

components of the cell membrane are of two mairegyjntegral

proteins and peripheral proteins. Integral protpasses all the way
through the cell membrane, whereas, peripheraéprag attached to the
outside or inside of the cell membrane. The integratein provide

pathway through which the water soluble substarftesés through the
extra and intracellular fluid. The peripheral protéunctions almost
entirely as enzyme. The membrane lipid makes uprthiix that give

the shape and structure to the cell membrane arimkduohed in this
matrix are the membrane proteins. All membraneainatphospholipid
and glycolipid which are amphipathic in nature Gess two coat).

The lipids are characerised by having hydrophobat faydrophilic ends.
The hydrophilic end of the bi-lipid molecule is etpby water but
attracted to each other, as shown in Figure 6. Man® lipids are
almost impermeable to water and water soluble anloss such as ions,
glucose, urea, etc. while lipid soluble substarsteh as oxygen, carbon
dioxide, alcohol can penetrate easily.
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The proteins in the cell membrane carry out mamgtions. They serve
as:

(1) Pumps which are actively involved in transportiags across the
membrane e.g. Na K* pump.

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

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

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

(5) Enzyme catalysing reaction at the surface of thenbnane

(6) Antigen and antibodies, the antigenic propertiestioé cell
depend on the protein outside.

e
N . . 3
eyt Ty
o VK. -:-
Focgrotas ¥

Lipid
bdayer
Pernpheral
protean
Intraceliular
fuid
Cytoplasm
\ Integral protein

Fig. 1.6: Structure of the Cell Membrane

SELF- ASSESSMENT EXCERCISE
Draw a diagram of Cebtructure and explain the interaction.

40 CONCLUSION

You have learnt that the cell is the basic uniifefwith many structures
organised to perform different functions that késpcell alive.

10
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50 SUMMARY

In this unit, you have learnt that the cell has major parts, the nucleus
and the cytoplasm with different substances alledaprotoplasm. The
cell is made up of many structures and substarasperform diverse
functions. Also, you have noted that the importaantts of the cell that
perform different functions include the Nucleusg thytoplasm, the
endoplasmic reticulum and Ribosomes, the Golgi egips, the

Mitochondria, Centrosome, the Lysosomes to merdidew. You have

also observed that the cell or plasma membrane maaé protein and

lipid perform about six listed functions.

6.0 TUTOR- MARKED ASSIGNMENT

Activity

Check thishttps://www.youtube.com/watch?v=kV1r2oVIHLI
Checking YouTube, pick the video that best helps Yyearn
about the cell and its functions and share thermédion with
your colleagues in the discussion forum online

Answer the following questions:

Explain the organisation of the cell

Explain 3 different substances that make uétle

Give detailed explanation of the cell structure

Draw a typical cell showing the organelles ie tytoplasm and
the nucleus.

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

6. Describe the cell or plasma membrane

PoONPE

o
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1.0 INTRODUCTION

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

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain the following concepts in details
simple diffusion

facilitated diffusion

active transport

secondary active transport

0SmMosis

endocytosis

exocytosis

solvent drag.

12
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3.0 MAINCONTENT
3.1 SimpleDiffusion

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

Molecules of dye -Membrane (cross section) {a) Diffusion of one solute
f
AN 2 | |
e -hq_"'L [
- L
- =
— "WATER | —— ~a P— -~
d i i-
—_— J‘—, -

(b) Diffusion of two solutes

~! o

-0 o e )
I = | o
«-r——l - — S - o —> -~ Q —_-
i o “
— O s - -0
A ——
Ko e |VO o |

) Eauilibrium ~
Fig. 2.1: Movement of Molecules by Simple Diffusion
3.2 Facilitated Diffusion

This is a carrier mediated transport and it invelh&me transport
proteins that transport substances of larger mtdecacross the cell
membrane. (Figure 1-10). It transports substancesvnd their
concentration gradients, thus it also is a pasgreeess. It is saturable
and exhibits the characteristics of inhibition eitttompetitive or non-
competitive. A typical example of facilitated difion is the glucose
transport by glucose transporters which move glkeicoewn the
concentration gradient from extracellular fluidadntytoplasm of the
cell.

13
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protein carriers in the plasma membrane. the diffusion process and does not the membrane, Protein carriers transport
reguire energy. only cartaln molecules across the mem-
| | brane but will take them in either direction
down their concentration gradients,

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

Fig. 22: Movement of Molecules by Facilitated Diffusion using
Carrier Protein

3.3 ActiveTransport

As the name implies it is an active process thguires energy. It
transports substances against the concentraticliegtalt is also carrier
mediated and saturable. It exhibits the charatiesisf inhibition either
competitive or non-competitive. Energy that isisétl for this transport
is obtained from adenosine triphosphate (ATP) hiydis. A typical
example of active transport is the transport ofiwodon out of the cell
against its concentration gradient and the actiapesport of potassium
ion into the cell against its own concentrationdigat by the Na- K*
pump (N&a- 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 isaamglex of two
separate globular proteins, a larger one havingokecular weight of
100,000 and the small one has molecular weigh6d@d@D. Though, the
function of the smaller one is not known. The langetein has specific
features that are very important for the pump.

14
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Capyright D The Mel raw-Hill Compan k
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@ 3o

Ired dor reprodectien o display.

Pump_ ox:

nd 9%

Fig. 23: Mechanism of the Sodium-Potassum Pump. ADP,
Adenosine Diphosphate; ATP, Adenosine Triphosphate;, Pi,
Phosphate | on.

3.4 Secondary Active Transport
Classes of Transport Protein

Some transport protein are uniport because theysp@t only one
substance, others are called symport becauseahgptrt 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 im@étmucosa into the
mucosa cells, other transporter are called antipezause they exchange
one substance for the other. The"N&* 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.

15
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Uniporter Synporter Antiporter

A A B A

\/

Fig. 2.4: Classes of Transport Protein

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

Glucose and many amino acids are transported imst icells against
large concentration gradients; the mechanism af ithientirely by co-

transport, as shown in Figure 1-13. Sodium co-pariof glucose and
amino acid occur especially in the epithelial a#llthe intestinal tract
and renal tubule to aid in the absorption of thegbstances into the
blood. A typical example of sodium co-transportd&monstrated in the
transport of glucose into the epithelial cellshigithe 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 N& to that carrier. The Nais transported down its
electrochemical gradient while the glucose is fan®d against its
concentration gradient. The electrochemical gradiésodium provides
the driving force for the transport of glucose ncoles. Thus, the
sodium drags the glucose to transport across theshbrborder

membrane. The electrochemical gradient of sodiumasitained by the
Na" - K* pump.
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Na‘* Glucose

Na-binding L Glucose-binding
site \ / e
N g
F\
; / \

Na- . Glucose

Fig. 2.5: Postulated Mechanism for Sodium Co-Transport of
Glucose

3.5 Osmosis

This is process of diffusion of solvent moleculenfr a region where
there is higher concentration (low solute concéimnd to a region
where there is lower concentration (higher solatecentration) across a
semi-permeable or selectively permeable membrane. give an
example of osmosis, let us assume the conditioosrsin Figures 1-14
& 1-15, with pure water on one side of the cell lbeame and a solution
of sugar and sodium chloride on the other side. Waesubstance is
dissolve in water the concentration of water mdiec¢n 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 veat@rnot to solute
and an equal volume of water is placed on the dtiger, water molecule
diffuses down their concentration gradient into teelution. This
process of diffusion of solvent molecule to a ragio which there is a
higher concentration of solute to which the memerasnimpermeable is

17
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called 0OSMOSIS.
* Water @ Sugar

Semipermeable T ®.0'0 o

membrane\ 1

« = 0smosis
* —» Osmosis -+ Back pressure = hpg
(@) (b)
Fig. 2.6. Demonstration of Osmotic Pressure caused by Osmosis at
a Semipermeable Membrane
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Fig. 2.7: Osmosis at a Cell Membrane when a Sodium Chloride
Solution is placed on One Side of the Membrane and Water 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€lgan solution.

The term tonicity is used to describe the osma@lalit solution relating
to plasma, solutions that have the same osmokaditglasma are said to

18
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be isotonic, those with higher osmolality are ahlleypertonic, while
those with lesser osmolality are said to be hypotdfigure 1-16).
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Cell swells Cell shrinks

Fig. 2.8. Effects of Isotonic, Hypertonic, and Hypotonic
Solutionson Cell Volume

3.6 Exocytosis

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

3.7 Endocytosis

It is the process of ingestion of substances bycétllelt is the reverse of
exocytosis. There are two types of endocytosis,sethenclude
phagocytosis and pinocytosis. Phagocytosis (c¢ihgais the process
by which bacteria, dead tissue or other particlesble under the
microscope are engulfed by cells such as the palyhemuclear
leukocytes. The material makes contact with thé meimbrane 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 surigaeds of the
particle.

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

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

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

Pinocytosis means ingestion of minute particles tbem vesicles of
extracellular fluid and particulate constituentside the cell cytoplasm.
Pinocytosis is essentially the same process likegptytosis, the only
difference begin that the substances ingestednaselution and hence
not visible under the microscope. Pinocytosis ie tmly means by
which largest macromolecules, such as most pratemhecules, can
enter cells.

Figure 1-17 demonstrates the successive stepsiotytosis, showing
three molecules of protein attaching to the menmdardimese molecules
usually attach to specialised protein receptorsthan 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 pitsth@ inside of the cell
membrane beneath these pits is a latticework ofiléib protein called
clathrin, as well as other proteins, perhaps inalgidcontractile
filaments of actin and myosin. Once the proteineuooles have bound
with the receptors, the surface properties of doallmembrane change
in such a way that the entire pit invaginates imdyand the fibrillar
proteins surrounding the invaginating pit causédsders to close over
the attached proteins as well as over a small amolextracellular
fluid. Immediately thereafter, the invaginated portof 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 hatly effects are very
small.

SELF- ASSESSMENT EXCERCISE
Explain the effects of isotonic, hypertonic, angbitpnic solutions on
cell volume, if possible with diagram.

40 CONCLUSION

In conclusion, transportation of materials acrosésds made possible
through diffusion, osmosis and active transpomasiifferent media.

5.0 SUMMARY

In this unit you have learnt that the various macras utilised by the
body include simple diffusion, facilitated diffusip active transport,
secondary active transport, osmosis, endocytosigygosis and solvent
drag. The various mechanisms allow for exchand&iwf, 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/differebetwveen-
exocytosis-and-endocytosis/
http://www.differencebetween.net/science/differebetwveen-
pinocytosis-and-phagocytosis/
https://www.youtube.com/watch?v=SSS3EtKAzYc

Do a summary of what you have learnt from eachheflisted sites and
submit along with your assignments at the end isfdburse.

Distinguish between simple and facilitated diffusio

a. Explain the Sodium-potassium pump
b. Explain the relevance of the knowledge of osmasibi¢ nurse.
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1.0 INTRODUCTION

The body needs digested nutrients to provide eneegygled to perform
functions and amino acids for body building andaregp The nutrients
in various forms are transported as small molecofesomplex organic
chemicals either as broken down carbohydrateseimst 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
By the end of this unit, you will 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 MAINCONTENT

3.1 Carbohydrates

Carbohydrates are organic compounds made of cahyalmpgen, and
oxygen atoms. Carbohydrate are made of monosadehdsimple
sugars molecules) linked together. Their functisrta provide a key
source of energy for cells. An example is starchdenof many linked
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glucose molecules. Carbohydrates are divided imteet main classes:
(I) monosaccharides (ii) disaccharides (iii) polydzarides.

Monosaccharides

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

Disaccharides

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

Polysaccharides

These are made by joining several monosacchariide. dmey function
mainly as food and energy stores e.g. starch agdogén or as
structural material e.g. cellulose. They are noéeiwnon-crystalline,
either slightly or insoluble in water.

3.2 Protans

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

Fibrous Proteins

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

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

(b) Keratin: This is found in the outermost layer loé skin and hair,
scales, hooves, nails and the feathers of aninfdie. main
function is to protect the body against the envinent.
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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, whidorms 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 spherical or
globular shapes. They include immunoglobulin oriketies in the
blood, enzymes and some hormones, which are imgartanaintaining
the structure of the cytoplasm.

3.3 Lipids

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

3.4 Nucleic Acids

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

SELF- ASSESSMENT EXCERCISE
Explain the three main classes of carbohydrates

40 CONCLUSION

In this unit, you have learnt that carbohydratesdenaf carbon,
hydrogen and oxygen atoms metabolic energy sousoesserve as
building blocks for the synthesis of other macroecales. Protein on
the other hand are made up of carbon, hydrogengesxynitrogen,
sulphur while lipids are not water soluble materiiat include fats,
phospholipids, steroids, and waxes. Nucleic acalides basis for the
genetic blueprint and coding of the DNA and RNA.

25



NSC 203 HUMAN PHYS OLOGY

50 SUMMARY

In this unit, you have learnt that

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

b. Proteins are mainly two types, fibrous and glabproteins

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

fats, phospholipids, steroids and waxes and examplelude
saturated fats and cholesterol.

d. Nucleic acids.

6.0 TUTOR-MARKED ASSIGNMENT

Activity — None, see NSC 106 — Medical Biochemistry

Please answer the following questions

a. Differentiate between the three main classes diataydrates

b. How is fibrous protein different from globular peat?

C. List two forms of lipids

7.0 REFERENCESY FURTHER READING
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1.0 INTRODUCTION

The human body has a remarkable capacity for sstbration. The
Greek physicianHippocrates (father of naturalism and rationalism)
commented that human body usually returns to & sta¢quilibrium by
itself and people recover from most illnesses evethout the help of a
physician. This tendency results from the body#itglio detect change
and activate mechanisms that oppose it. In this you will learn about
the concept of homeostasis, how the body systeme\acphysiological
body maintenance through feedback mechanisms.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

) define homeostasis

o explain the different types of body systems thattgbute to
homeostasis

° explain the different types of feedback controltegss that the
body uses to maintain stability.

3.0 MAINCONTENT

3.1 Homeostasis

Homeostasis is the maintenance of a constant altenvironment in an
ever changing external environment. It comes from word homeo,
which means the sameness, and stasis, that islirggastill. This is the
maintenance of the constancy of the compositionthe internal
environment. The mechanisms which work towardsadsievement are
27
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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 oxygenhe extracellular
fluid to continually replenish the oxygen that iy used by the cells,
the kidneys maintain constant ion concentrationsyd athe
gastrointestinal system provides nutrients. Eaaly®ystem contributes
to the homeostasis of other systems and of theeelnéiing. No system
of the body works in isolation, and the well-bewfghe person depends
upon the well-being of all the interacting body teyss. A disruption
within one system generally has consequences fagrale additional
body systems. Here are some brief explanationsoof various 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, @gmand receptors. The
nervous system, along with the endocrine systemgseas the primary
control centre of the body. It operates at a subcions level and
controls many functions of the internal organsludmg the level of
pumping activity by the heart, movements of thetrgastestinal tract,
and secretion by many of the body’s glands. Forngle, the
hypothalamus of the brain is where the body's ftiestat” is found.
The hypothalamus also stimulates the pituitary djlamrelease various
hormones that control metabolism and developmerthefbody. The
sympathetic and parasympathetic divisions of thevoes system
alternatively stimulate or inhibit various bodilgsponses (such as heart
rate, breathing rate, etc.) to help maintain thewpamum 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@@emate and depth of
breathing), cardiovascular system (controls heate rand blood
pressure), endocrine organs (causes secretion bf #&i2 oxytocin), the
digestive system (regulates the digestive tractanmnt and secretion),
and the urinary system (helps adjust renal blood find 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 secretendnes into the
bloodstream. Each hormone has an effect on oneoce target tissues.
In this way the endocrine system regulates the Imoésan and

development of most body cells and body systemseBgrowth is
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regulated by several hormones, and the endocrstersyhelps with the
mobilisation of calcium and phosphate into and @futhe bones. In the
muscular system hormones adjust muscle metaboligmergy
production, and growth. In the nervous system, loores affect neural
metabolism, regulate fluid/electrolyte balance arelp with
reproductive hormones that influence central nesveystem (CNS)
development and behaviours. In the cardiovascykEes hormones are
needed in the regulation of RBC's production, amobdb pressure.
Hormones also have anti-inflammatory effects ad aglstimulate the
lymphatic system. In summary, the endocrine systash a regulatory
effect on basically every other body system.

Skeletal System

It consists of all bones in the body, cartilages digaments. The

skeletal system serves as an important mineratwvesgor example, if

blood levels of calcium or magnesium are low are rthinerals are not
available in the diet, they will be taken from thenes. On the other
hand, the skeletal system provides calcium neededall muscle

contractions. Lymphocytes and other cells relattinogthe immune

response are produced and stored in the bone mairbes skeletal

system aids in protection of the nervous systemoerne organs, chest
and pelvic regions in which vital organs are housed

Integumentary System

This system is composed of the skin that is thelexpiis, dermis and
adipose tissue, nails, hair, receptors, oil glaand sweat glands. The
integumentary system is involved in protecting bioely from invading
microbes, regulating body temperature through swegatand
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 regulatdtl.also helps
synthesise vitamin D which interacts with calciumdaphosphorus
absorption, a factor that is very important for &ogrowth and
maintenance. Hair on the skin guards entranceth®onasal cavity or
other orifices preventing invaders from gettingttier into the body.
The skin also helps maintain balance by excretiowater and other
solutes. The keratinised epidermis limits fluiddasrough skin, thus
providing mechanical protection against environraehazards.

Lymphatic System

The lymphatic system is composed mainly of the lgatc vessels,
lymph nodes, thymus, spleen and the bone marrdvaslthree principal
roles. First is the maintenance of blood and ofiwaty fluid volumes.
Excess fluid that leaves the capillaries when updessure would build
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up and cause edema, but for the role of the lynpkgstem. Secondly,
the lymphatic system absorbs fatty acids and wmylges from fat

digestion so that these components of digestiomad@nter directly into

the blood stream. Thirdly, the lymphatic systernmilved in defending

the body against invading microbes, and also inirti@une response.
This system assists in body maintenance such asdowh muscle repair
after injuries. It also assists in maintaining #woed pH of urine required
to fight infections in the urinary system. The titsmare the body helpers
that defend against infections and toxins absofbech the digestive

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

Respiratory System

The components of the respiratory system are thel mavity, pharynx,
larynx, glottis, epiglottis, bronchi, bronchioleslveoli and the lungs.
The respiratory system works in conjunction witke tbardiovascular
system to provide oxygen to cells within every baggtem for cellular
metabolism. The respiratory system also removdsocadioxide. Since
CQ; is mainly transported in the plasma as bicarboiats, which act
as a chemical buffer, the respiratory system atdpshmaintain proper
blood pH levels a fact that is very important fonteostasis. As a result
of hyperventilation, the level of GGs reduced. This causes the pH of
body fluids to increase. If pH rises above 7.48, ribsults are respiratory
alkalosis. On the other hand, too much>@@uses pH to fall below 7.35
which results in respiratory acidosis. The respmaisystem 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 aaddcesatinine. 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 praduz hormone
(erythropoietin) that stimulates red blood cellgwotion. 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 begigtems by
transporting hormones, oxygen and nutrients to thewh taking away
waste products from them thereby providing alligibody cells with a
fresh supply of oxygen and nutrients and also rengpgarbon dioxide

and other toxic wastes from their surroundings. Eostasis is disturbed
if the cardiovascular or lymphatic systems arefoottioning properly.
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The cardiovascular system also contains sensorsndoitor 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 responsas riggulate the
blood pressure.

Muscular System

This system is made of skeletal muscles such &p&iquadriceps, and
gastrocnemius muscles and smooth or involuntarychasissuch as
cardiac muscle, intestinal muscles and muscleseoblood vessels. The
muscular system is largely responsible for movemgosture, balance,
gait, secretion by glands and maintenance of bedhpéerature 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 hgtinp system move
lymph.

Digestive System

Its components include oral cavity, esophagus, atbmintestines, liver

and pancreas. The nutrients needed by the bodgeareed from the

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

parts by enzymes in the gastrointestinal tractgutr). The digestive

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

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

Reproductive System

The main components of this system are the ovatéstes, prostate,
uterine tubes, uterus, vagina and penis. The repto@ system is
responsible for the production of sperm cells aval for 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 theybogintains
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 thatsistem ceases to
function until an appropriate stimulus initiatese tfeedback process
again; that is, negative feedback systems in thdy bmormally are
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reversible and they come into play on demand. Téraponent of a
simple negative feedback loop includes (I) a rewgualavariable, (ii)

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

Various disturbances may arise within or outsides tternal

environment and caused undesirable changes irethdated variable.
The regulated variable is sensed by sensor, inflomabout its level is
fed back to a controller (comparator), which conegait to a desired
value (set point). If there is a difference, sigmalgenerated, which
drives the effector to oppose the changes and bifieg regulated
variable closer to the desire

@ Input: Control o
I:::rc:: thr:;n kb In?o':;atlon sent
afferent along efferent
pathway to pathway to
[ Receptor (sensor) | Effector
(@ Change
detected
by receptor
(5) Response of
@ v effector feeds
y/ back to
Produces h'ba;a influence
change e magnitude of
in variable stimulus and

returns variable

Variable (in homeostasis) o b stk

w
-]

Fig. 4.1: Component of a Simple Negative Feedback L oop

A familiar example of a negative feedback contslthe thermostatic
control of room temperature. Room temperature (e¢gd variable) is
subject to disturbance; on a cold day, room tentperdalls. The room
temperature is detected by a thermometer (sensothda thermostat
(controller). The thermostat is set for a certamperature (set point).
The controller compares the actual temperaturallf@ek signal) to the
set point temperature and signal is generatedeifféhmer falls below
the latter. The signal activates the furnace (&ff@c The resulting
change in temperature is monitored by the controlend when
temperature rises sufficiently the furnace is tdro#. Such a negative
feedback system allows some fluctuation in roomprature. Effective

32



NSC 203 MODULE 1

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 regulatlastrated in Figure
1.2. These system sensors (arterial barorecepawes)ocated in the
carotid sinuses and aortic arch. Changes in stretdhe walls of the
carotid sinus and aorta, which follow from change¥lood pressure,
stimulate these sensors. Afferent nerve fibresstran impulses to
control centres in the medulla oblongata. Effereatve fibres send
impulses from the medullar centre to the systerfecelrs, the heart and
blood vessels. The output of blood by the heart rasgstance to blood
flow are altered in an appropriate direction to men blood pressure,
as measured at the sensors within a given rangesal

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

//") diameter ——'_""')

Blood pressure Blood pressure

increases above decreases toward
normal T L normal

Return
to normal

Deviation
from normal

@ Mormal blood

Pressure 7 .
Return Deviation
to normal _ from normal

Blood pressure % 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 oteeamples of the
operation of such mechanisms.

Positive Feedback Control

Positive feedback is a self-amplifying cycle in waliia physiological
change leads to even greater changes in the sagwtiah, rather than
producing the corrective effects of negative feetb&ositive feedback
promotes rapid change and it is often a normal afagroducing rapid
progressive change in one direction. For exampleggnva woman is
giving birth, the head of the baby pushes agairest ¢ervix and
stimulates nerve endings there. Nerve signals ardé ® the brain,
which, in turn, stimulates the pituitary gland tecsete the hormone
oxytocin. Oxytocin travels in the blood and stintaka the uterus to
contract. This pushes the baby downward, stimuathre cervix the
more and causing the positive feedback loop to dpmeated. Labor
contractions therefore become more and more intangskethe baby is
expelled.

Vanable

Uterine contractions @

J

Sen=zor

Pressure of fetus

on cervix
Control centre Effector
Hypothalamus Owytocin release from

posierior pituitary
I
Terminated by :

Y
Birth
Fig. 4.3: Control of Childbirth by Positive Feedback M echanism

It should be noted however that the overall proadsshildbirth is a
negative feedback loop- it is a response to pregn#rat terminates the
pregnancy. But within this negative feedback lothgre is a smaller
positive feedback loop that has just been descriBedeficial positive

34



NSC 203 MODULE 1

feedback loops are often part of larger negatiesllback loops. Other
examples of beneficial positive feedback includenegyation 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 famfries homeostatic set
point. Consider a high fever, for example. A fetrgggered 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.lddps high
temperature raises the metabolic rate, which mdeiesody to produce
heat faster than it gets rid of it. Thus tempemattses still further,
increasing the metabolic rate and heat productioih reore. This
“vicious circle” becomes fatal at approximately’dSuch temperature is
so high that they destroy the proteins that cek®dnto function.
Convulsion and coma are some outward signs of dammage. Thus
positive feedback loops often create dangerously @iu 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 ca@mds without
directly sensing the regulated variable. These canus specify the
target or goals. Feed forward control often semasésturbance and can
therefore take corrective action that anticipatesnge. It often operates
through the feedback controllers. The moment-to-enoperation of
the feed forward controller is “open loop” (unlikddosed loop in
negative feedback) because the regulated varitdgl is not sensed by
sensor. Examples include increased heart rate sgathing rate even
before a person has begun to exercise, flightieectind others.

SELF- ASSESSMENT EXCERCISE
What isHomeostasis?
Explain body system and their contributions to Hostasis

40 CONCLUSION

The principle of homeostasis allows the body tontzn a state of
balance. All the systems are involved in the coogpéd process of
maintaining constancy. Homeostatic control is aodge within a
complex process involving the receptor, the conttehtre and the
effector. Homeostatic imbalance results to diseases
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50 SUMMARY
In this unit, you have learnt that:

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

. All the body systems are involved in the procesatt#inment
of homeostasis.

iii. The body uses negative and positive feedbacks lendetd
forward control of regulating homeostatic processeshe
body.

6.0 TUTOR- MARKED ASSIGNMENT
Activity
Watch this video clips:

https://www.youtube.com/watch?v=XZxuQo3ylll
https://www.youtube.com/watch?v=IoU3IKrOYMY

Explore the use of thirst and sweat in achievingyt® homeostasis,
explore other 5 other actions of the body that woute to the
maintenance of the body and how you can use thermguages in
providing nursing care. Submit your findings to taér 2 weeks after
the completion of this unit.

Answer the following questions:

I Define homeostasis, and identify the componesftsegative
feedback loops.

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

lii.  What is homeostatic imbalance? Write on twamples of how
this contributes to illness?
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1.0 INTRODUCTION

We respond to our living environment through oursss. We are only
able to do this because we have a master congallia 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.

20 OBJECTIVES

By the end of this unit, you will be able to:

o discuss the structure and functions of a typicaleeell
o explain the functional unit of the muscle
o describe the mechanisms involved in muscle comtract

3.0 MAINCONTENT
3.1 Nervesand the Functions

Nerves/Neurons are the basic structural and fumatianits 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 ghe control of
muscles and glandbleurons have three principal regions: cell body,
dendrites, and axon. They vary considerably in arm shape.
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Fig. 5.2: Partsof a Neuron (Unmyelinated)

The cell body (Soma) is the enlarged portion ofriearon that contains
the nucleus. Dendrites are thin, branched proceba¢extend from the
cytoplasm of the cell body. Dendrites provide aeptive area that
transmits graded electrochemical impulses to thieboely. The axon is
a longer process that conducts impulses, calladrapbtentials, away
from the cell body. The origin of the axon near tedl body is an
expanded region called the axon hillock; it is hirat action potentials
originate. Side branches called axon collateraly extend from the
axon.

The axon at its end is divided into terminal bragschEach terminal
branch ends in synaptic knobs or terminal buttdhg. axon of a neuron
can either be myelinated or unmyelinated. The mgédid neuron is
wrapped by Schwann cells, which form a myelin dh€bigs 2-1 and 2-
2). The myelin sheath envelops the axon excepgteatdrminal endings
and at the Nodes of Ranvier.
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3.1.1 Resting and Action M embrane Potential

Resting Membrane Potential

When the cell is not transmitting an impulse, tmangmembrane
potential is called the resting membrane potefRMP). Also the RMP
can be defined as the inside negative potentiaisacthe membrane of
cells. A resting membrane potential is due to uneadistribution of ions
between the inside and the outside of the membrane.

The following phenomena are involved in establighime 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.

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

iii.  The interior of the cell contains a high cont@tion of non-
diffusible ions. Of particular importance in thiggard are
proteins, organic phosphates and organic sulph@tms Since
the resting membrane is much more permeabletindgh to Na,
the RMP is much closer to the K equilibrium potahthan that
of Na'.

The chief determinants of the movement of substmoeoss the cell
membrane are the membrane permeability, electiealell as chemical
gradients of the ions. When the chemical and etedtforces 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 takk membrane is
stimulated or activated. It can also be definethaspotential generated
when excitable tissue (nerve and muscle) are sditedlresulting 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 brregular
deflection of the baseline, called stimulus artifathe stimulus artifact
is followed by is potential interval (latent per)atiat ends with the start
of action potential and corresponds to the timekies the impulse to
travel along the axon from the site of stimulatit;m the recording
electrodes.

Depolarisation Stage

At this time, the membrane suddenly becomes vesympable to
sodium ions, allowing tremendous numbers of poayivcharged
sodium ions to diffuse to the interior of the axofhe normal

“polarised” state of —90 millivolts is immediatelyeutralised by the
inflowing positively charged sodium ions, with thgotential rising

rapidly in the positive direction. This is calle@pblarisation In large

nerve fibres, the great excess of positive sodians imoving to the
inside causes the membrane potential to actuallgramnoot” beyond the
zero level and to become somewhat positive. In semaler fibres, as
well as in many central nervous system neuronsptitential merely
approaches the zero level and does not overshdlot foositive state.

Repolarisation Stage

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

The sharp rise and the rapid fall are the spikemg@il of the axon, and
the slower fall at the end of the process is therafepolarisation.

After the action potential, during the recoveryipdr Na that came in
during depolarisation and the khat went out during repolarisation are
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brought back to their original positions. Sincesthheans moving
sodium against its concentration gradient (i.emfria to out) and vice-
versa for K, the process involves active transport requiringrgy.

Actvation
gate Na* Na* Na*

> l

/
Inactwvaton
gate
Resting Activated Inactivated
(—20 mV) (—90 to +35 mV) {+35 to - 200 mV.
delayed)
‘2_ K-)-
Restng Slow activation
. ! {(—80 mV) {(+35 to -0 mV)
insxxe

Fig. 54. Characteristics of the Voltage-Gated Sodium and
Potassum Channels

Changesin Excitability during Action Potential

The refractory period is divided into an absoluedractory 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 ofeaftlepolarisation. 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-pyptenisation it is

increased.

All-or-Nothing Principle

Once an action potential has been elicited at anyt mn the membrane
of a normal fiber, the depolarisation process tiavever the entire
membrane if conditions are right, or it does navéd 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 Fibres

Non-Myelinated Nerve

The nerve cell membrane is polarised at rest, igesttharges lined up
along the outside of the membrane and negativegebalong the inside
of the membrane. During the action potential (A®)s polarity is
abolished and for a period is actually reverseditRe charges from the
membrane ahead of the AP and behind the AP flowitgthe area of
negativity represented by the AP it's called therent sink. By drawing
off positive charges, this flow decreases the jiglarf the membrane
ahead of the AP. This type of electrotonic depsé&dion initiates a local
response, and when the firing level is reachediopggated 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 efrtarve impulse is due
to circular current flow and successive electrataiepolarisation to the
firing level of the membrane ahead of the actiotepbal.

Myelinated Nerve

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

Myelin sheath Axoplasm Node of Ranvier

~~"""'::=:""V “"":::"'Y \""'":::"'Y.-.
e e e G i

Fig. 5.5: Saltatory Conduction along a Myelinated Axon. Flow of
Electrical Current from Nodeto Nodeis|llustrated by the Arrows
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Neuromuscular Transmission

As the axon supplying the skeletal muscle fibre rapphes its

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

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

vesicles that contain acetylcholine, which is thangmitter at this

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

is the thickened portion of the muscle membranéhefjunctions. The

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

space.

At the bottom of the gutter are numerous smallédsfaf the muscle
membrane of the end plate called sub-neural cteftsinctional folds,
which greatly increase the surface area which ymaic transmitter
can act. The whole structure is known as the neuscolar or
myoneural junction (Figure 2.6).

In the axon terminal are many mitochondria thappyu TP, the energy
source that is used mainly for synthesis of theitatary transmitter
called acetylcholine. The acetylcholine in turn iee€ muscle fibre
membrane. Acetylcholine is synthesised in the dg&p of the terminal
button, but it is absorbed rapidly into many snsgihaptic vesicles. In
the synaptic space, a large quantity of the enzycedyl cholinesterase,
which is capable of destroying acetylcholine aftenas been released
from the synaptic vesicles are present.

action
potential

————
-

Muscle
contraction

Fig. 5.6: Shows Neurotransmission at Neuromuscular Junction
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3.2 Muscle Contraction

Three types of muscle cells can be identified @ lhsis of structure
and contractile properties: (I) Skeletal musclg¢ §mooth muscle (iii)
Cardiac muscle

Most skeletal muscles as the name implies arelathto bones and
their contraction is responsible for the movemehtparts of the

skeleton. Contraction of the skeletal muscle istratied by the somatic
nervous system and hence is under voluntary corificd movements
produced by skeletal muscles are primarily involwéth interactions

between the body and external environment. Smoaitclas 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 organsdsp) and the small
group of cells attached to the hairs in the skine Tontraction of the
smooth muscle may either propel the luminal contentof 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 factorginsic to the

muscle itself by the autonomic nervous system (A&IR®) 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 circutateystem. Like
smooth muscle, it is regulated by intrinsic factewrsd by ANS and
hormones.

Skeletal Muscle

Figure 2-7 shows the organisation of skeletal nausBach skeletal
muscle fibre is a cylinder with diameter of 10-ff®and length which
may extend up to 300,006 (1 foot). The term skeletal muscle refers to
a number of muscle fibres bond together by conmedissue. From the
light microscope, the most striking picture is serof transverse light
and dark bands forming a regular pattern along &boh Most skeletal
and cardiac muscle fibres have these charactarisanding 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 fibre, the bands are actuailyfined to a number
of independent cylindrical elements, known as mniyd&. Each
myofibril is about 1 to 2 micronpu) in diameter and continues
throughout the length of the muscle fibre. Myofi®rccupy about 80%
of the fibre volume and vary in number from sevémahdred to several
thousand per single fibre, depending on the fibaendter.
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The myofibrils consist of smaller filaments whicheaarranged in a
repeating pattern along the length of the fibriheQunit of this repeating
pattern is known as a sarcomere (little muscle)jclwis the functional
unit of the contractile system in striated musclEach sarcomere
contains two types of filaments: Thick filament quwsed of the
contractile protein called myosin and thin filanmsertontaining the
contractile protein components; (I) Actin (i) Tmmyosin (iii)

Troponin.

Troponin is made up of three subunits: (I) Tropohifi) Troponin T
(iif) Troponin C.

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

Between the ends of the dark A-bands of two adjasamtomeres is the
I-band (because it is isotropic to polarised ligld)ming the lighter
region of the striated pattern.

One additional band called the H-zone appearsthsdighter band in
the centre of the A-band. It corresponds to theesbetween the ends of
the thin filament. Thus, only thick filaments amuhd in the H-zone.
Finally, a thin dark band can be seen in the ceoftthe H-zone. This is
known as the M-line and is produced by linkagesvbeh the thick
filaments. The M-line by cross linking the thickainents 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 tese of the thick
filaments.
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Fig. 5.7: Organisation of skeletal muscle from the gross to the
molecular level

Smooth Muscle

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

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

Multiunit Smooth Muscle

This type of smooth muscle is composed of discest®oth muscle
fibers. Each fiber operates entirely independeatlthe other fibres and
is often innervated by a single nerve ending asumwed for skeletal
muscle. Furthermore, the outer surfaces of thaserdj like those of
skeletal muscle fibers are covered by a thin layfeglycoprotein that
helps to insulate the separate fibers from eacéroifthe most important
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characteristics of multi-unit smooth muscle fibigshat their control is
exerted almost entirely by nerve fibres and vettyeliby other stimuli,

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

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

membrane that covers the eye of some lower anirttespilo-erector

muscles that cause erection of the hairs when Hitedi by the

sympathetic nervous system and the smooth muschlmansfy of the

larger blood vessels.

Visceral Smooth Muscle (Single unit)

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

fibers form a functional syncytium that usually trawct large area at
once. For this reason, this type of smooth muscésio known as single
unit or unitary smooth muscle. This type of mussléound in most of

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

Med:ad
muscie fibers

- Endothelium

Small artery
Multi-unit smooth muscle Unitary smooth muscle

= B

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

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 brascti interdigitate. But
each is a complete unit surrounded by a cell menghid/hen the end of
one muscle fibre joins on another, the membrand®thf fibres parallel
each other through an extensive series of foldes&hareas which
always occur as Z-lines and are called intercaldiseck. They provide a
strong union between fibres, maintaining cell-aahesion, so that the
pull of one contractile unit can be transmittednglats axis to the next.
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Along the site of the muscle fibres next to thekslighe cell membranes
of adjacent fibers fuse for considerable distarioasing gap junctions.

These junctions provide low-resistance bridges floe 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 foundherocells and tissues.
In the cells and tissues, these proteins partieipatocalised contractile
events in the cytoplasm, in motile activity, and dall aggregation

phenomena. The two types of contractile proteias #ne found within

muscles are actin and myosin. Both proteins angoresble for muscle
movement.The heads and necks of the myosin molecules foross¢

links to actin.

Excitation-Contraction Coupling

These are the events occurring between the exgitafi a muscle fibre
and the resulting contraction. The skeletal mufible is so large that
action potential (AP) spreads in along the surfaeenbrane and causes
almost no current flow deep within the fibre. Howegwto cause muscle
contraction, this electrical current must penetdseply into the muscle
fibre 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 contractiooupling (Figure 2-9).

Action potential

75 M AR o

- ~- -

’\\
o9

) :.--‘ '--.; Ca
i ATP I
| Mequred
Cattamme? = ‘sasme Cat

Actin fiaments Myosin filaments

Fig. 5.9: Excitation-Contraction Coupling in the Muscle
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Molecular Basis of Contraction

Figure 2.10 demonstrates the basic mechanism otlena®ntraction.
This is the process by which the shortening ofcivtractile elements in
muscle is brought about by sliding of the thinrhents over the thick
filaments. The width of the A-bands is constantevdas the Z-lines
move closer when contracts muscle and far aparnwhe stretched
(sliding filament mechanism).

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

Calcium ions initiate contraction by binding troporC. In resting
muscle, troponin 1 is tightly bound to actin ané tihopomyosin covers
the site, where myosin heads bind to actin. Thig troponin-
tropomyosin complex constitutes a relaxing prottiat inhibits the
interaction between actin and myosin. When thé" @areleased from
the terminal cisterna by the AP, it binds to tropo@, the binding of
troponin | to actin is presumably weakened and gsmits the
tropomyosin to move laterally. This movement unecevibe active site
of myosin heads. Adenosine triphosphate (ATP) isntlsplit and
contractions occur.

Relaxed
A

e

N?—
NG -

Conftracted

Fig. 5.10: Relaxed and Contracted States of a Myofibril 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.
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SELF- ASSESSMENT EXCERCISE
Make a diagram of neurotransmission at neuromusguigction with
list.

40 CONCLUSION

You can conclude by saying nerve cells help theybmdrespond to
various stimuli through the mediating effect of swd, potassium and
calcium ions. You could have noted that the thregnmmuscle types are
distinguishable by their structure and mode of @wtions.

50 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.
C. The various mechanisms involved in muscle cotitma.

6.0 TUTOR- MARKED ASSIGNMENT
Activity

As prescribed in the laboratory practical to be dwarted by the
Facilitator.

Answer the following questions:

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 cotnma
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MODULE 2

INTRODUCTION

The body is able to perform its function becausé¢heffluid dynamics
and the organelles in body fluids. In this modyia, are going to learn
more about the body fluids, (intra and intercelylahe blood and the
body’s protective dynamics, the immune system.

MODULE OBJECTIVES
By the end of this module, you will be able to:

o discuss the body fluids in the diverse compartments
o discuss the blood and the haemostatic process
o discuss the body’s process of maintaining immunity

CONTENTS

Unit 1 Body Fluids
Unit 2 Haemostasis
Unit 3 Immune System

UNIT 1 BODY FLUIDS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Body fluid compartment
3.2 Intracellular Fluid (ICF)
3.3  Extracellular Fluid (ECF)
3.4 Measurement of Body Fluid Compartment

3.5 Blood
4.0 Conclusion
5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/ Further Reading
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1.0 INTRODUCTION

The body is made of more fluids in different looas and the nurse
must be appropriate informed about the locatiomstituents and
functions of the body fluids. In this unit, you ageing to study the body
fluids in the various compartments.

20 OBJECTIVES

By the end of this unit, you will be able to:

o describe the different types of body fluids and wehthey are

located

o state the method of measurement of body fluid & different
compartments

o discuss the constituents and functions of blood

o explain the concept blood grouping and the impicet in

nursing practice.
3.0 MAIN CONTENT

3.1 Body Fluid Compartment

General Considerations and Inter-Relationships of Body Fluid
Spaces

Water is an important component of the human bdtyonstitutes
approximately 60% of body weight. In terms of vokyntotal body
water in adult man is about 42 liteBody fluids can be divided into two
main compartments: intracellular fluid (ICF) andtrexellular fluid
(ECF) (Figure 3-1).
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Fig. 1.1: Organisation of Body Fluids and Electrolytes into
Compartments

3.2 Intracdlular Fluid (ICF)

ICF consists of all fluid within the cell membrarm&she body and is the
largest fluid compartment, accounting for 40% of thody weight. Its
volume is about 28 liters. Much of the ICF compamtis found within
muscle cells. The primary electrolytes of the ICémpartment are
potassium and phosphate. The ICF compartment centaly small
guantities of sodium and chloride ions and almastalcium ions. The
cells contain 4 times as much protein as the plasmaacellular fluid
provides body cells their turgor as well as a mediwithin which
biochemical reactions can take place.

3.3 Extracdlular Fluid (ECF)
All the fluids outside the cells are collectivelglled the extracellular
fluid. Together these fluids account for about 20% oflibdy weight,

or about 14 liters. The ECF supports the cells alfmivs transport of
nutrients and waste products. The extracelluladfis divided into the
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interstitial fluid and the blood plasma. There iso@ner small
compartment of fluid that is referred to as tratiatag fluid.

Inter stitial Fluid (1F)

It is the fluid that surrounds the cells in theigas tissues of the body. It
iIs about three-quarter of the ECF volume. It inelkidthe water
contained within bone and dense connective tisfbe.remaining one
quarter of the ECF is fluid inside the blood vess#iat is, plasma.

Transcellular Fluid (TCF)

This is the fluid located in special compartmentstlee body. It is
usually considered to be a specialised type ofaegttular fluid. Their
total volume is about 0.3 liter and they serve ingoat functions. This
compartment includes fluid in the synovial, pergah pericardial, and
intraocular spaces, as well as the cerebrospimial. fl

3.4 Measurement of Body Fluid Compartment

This is usually done using dilution technique. T@sma volume, ECF
volume and the total body water (TBW) can also beasoired using
dilution technique. The interstitial and intracédufluid volumes can
then be derived as follows:

ICF =TBW - ECF
IF = ECF — plasma volume

Plasma volume can be measured using dyes thatdiplhsma protein
e.g. Evans blue (T1824). Plasma volume can alsanbasured by
injecting serum albumin labelled with radioactiedine.

Total body water can be measured using the dilutiechnique

involving a substance that will mix evenly with d@he body fluid

compartments. Radioactive water (tritiumH20) or heavy water
(deuterium ?H20) can be used for this measurement. Another substa
that has been used to measure total body watetifs/ane.

The ECF volume can be measured using any of they mabstances

that mix freely in the plasma and interstitial dbut do not readily pass
through the cell membrane. Such substances incadieactive sodium,

radioactive chloride, and inulin. Also mannitol asdcrose have been
used to measure ECF volume.

Interstitial fluid volume cannot be measured diyedbut it can be
calculated as the difference between the ECF volamé plasma
volume.

Interstitial fluid volume = ECF — plasma volume
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The ICF volume also cannot be measured directly ibutan be
determined as the difference of TBW and ECF.

ICF volume = TBW- ECF volume.

Blood volume can be calculated if the hematoche (fraction of the
total blood volume composed of cells) is known,ngsthe following
equation:

Total Blood Volume = Plasma Volume
1 - Hematocrit

For example, if plasma volume is 3liters and hemwratas 0.40, total
blood volume would be calculated as;

3liters
1-04 = Sliters.

Another way to measure blood volume is to injec¢b ithe circulation

red blood cells that have been labeled with radie@aanaterial. After

this has mixed in the circulation, the radioacyiviaf a mixed blood

sample can be measured, and the total blood voltanebe calculated
using the dilution principle. A substance frequgnited to label the red
blood cells is radioactive chromiuCr), which binds tightly with the
red blood cells.

3.5 Blood

Blood is the fluid that circulates through the hearteries, capillaries
and veins, carrying nutrients and oxygen to theylmalls. It also carries
waste products of metabolism, the most importaniviich is carbon
dioxide, from the tissues to the organs where suabte products are
expelled from the body. Blood is made up of yellayid called plasma
and the cellular component. The cellular compowémiood is made up
of three types of cells, the red blood cells (emytlytes), the white blood
cells (leucocytes) and the platelets (thrombocyt&éhe “cells” in the
blood are also called corpuscles.

Functions of Blood

a. It transports oxygen from air in the lungs to thesues and
carbon dioxide from the tissues to the lungs witaseexpelled.
b. It transports food materials such as glucose, fatigs, amino

acids, vitamins and electrolytes from the gastestihal tract to
body tissues where they are utilised for body gdand energy
production.

C. It helps in the exchange of water, electrolytes laydrogen ions
between the various body compartments.
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d. It also plays important role in the homeostasisotifer body
constituents such as glucose, hormones etc.

e. It helps in transporting heat from one part of thedy to the
other.

f. It transports humoral, antibodies, chemical agesitgymes, and

cellular elements that are important in the defeofséhe body
against infection or invasion by non-infective figre tissues of
organisms.

Blood can be divided into two main parts namelylscar formed
elements and plasma. Cells consist of red corpssathite corpuscles,
and platelets. Plasma is a mixture of water, amacals, proteins,
carbohydrates, lipids, vitamins, hormones, elegtes, and cellular
wastes.

Haemopoiesis’Hematopoiesis

This is the formation of blood cells. In the bonarrow are cells called
Pluripotent hemopoietic stem cells (PHSC) from whal circulating

cells are derived. The PHSC undergoes successwsiotis to form

different blood cells. Growth and reproduction ¢ietstem cell is
controlled by multiple proteins called growth inéus. E.g. Interleukin
— 3 (IL — 3). Another set of proteins called th&etentiation inducers
causes one type of stem cell to differentiate towar final type of adult
blood cell. E.g. erythropoietin (Fig. 4.1).

57



NSC 203 HUMAN PHYSOLOGY |

Hemaopoistic
stem cell

i1 | amcsr T
L& | G-CSF T

i S Bone marnow
//\ hymphocyts
PNSCLErsor
J_)Cch'hf'n tted stem cellg R‘-\ . - Y

/ (progenitor cell) \\.,__\\-\-\
AT,
2 h dapies - el

GM-CSF GMCSF |
enythro thrambo |

&5

Late normoblast

w)
Red biood P‘l;l‘lE'E'E |
o=l

© Q
.

B T
Tis=ws Polymomphonucisar Lymphocytes

macrophege cells

Fig. 1.2: Development of Various Formed Elements of the Blood
from Bone Marrow Cells
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Red Blood Cells

Normal red blood cells (erythrocytes), shown in Ufeg 1-27, are
biconcave discs with a diameter of 7.2 microns artflickness of 2.2
microns that contain one-third oxygen-carrying hghabin by volume.
When oxygen combines with hemoglobin, the resulorghemoglobin
Is bright red. Red blood cells discard their nudigiing development.
The typical red blood cell count is 4,600,000 -08,000 cells per mn
for males and 4,500,000-5,100,000 cells per3niar females. The
number of red blood cells is a measure of the Béoorygen-carrying
capacity. With age, red blood cells become increggifragile and are
damaged by passing through narrow capillaries. bfagwges in the
liver and spleen phagocytize damaged red blood.ddémoglobin from
the decomposed red blood cells is converted intmeh@nd globin.
Heme is decomposed into iron and biliverdin. Iremécycled into new
hemoglobin or stored in the liver. Some biliverdin converted into
bilirubin. Biliverdin and bilirubin are excreted bile as bile pigments.
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Erythropoiesis

This is the process of production of red bloodscdih the embryo and
fetus, red blood cell production occurs in the ysdic, liver, and spleen;
in the adult it occurs in the red bone marrow. akierage life span of a
red blood cell is 120 days. The three cellular congmts of blood, that
is red blood cells, white blood cells and platelesginate from the
same primitive or pluripotential haemopoietic steetls (PHSC), from
the bone marrow. The PHSC is uncommitted and caelde into any
of the three cell types. The PHSC however diffead@s (through
mitotic divisions), to form committed stem cellshél committed stem
cells at this stage are called colony-forming QIFU). A committed
stem cell that produces erythrocytes is called langeforming unit-
erythrocyte or CFU-E, while those that produce glacyte and
monocyte are called CFU-GM; those for plateletsgakaryocytes) are
called CFU-M.

In erythropoiesis, large numbers of the first ¢ledlt can be identified as
belonging to the red blood series, the proerytlastbare formed from
the CFU-E stem cells under appropriate stimulati@nce the

proerythroblast has been formed, it divides seve@le times and goes
through many stages of development before it ewadigtdorms many

mature red blood cells. Thus, the proerythroblasésgthrough the
following stages:

GENESIS OF RBC

Proerythroblast

|

Basophil
erythroblast

!

Polychramatophil
erythroblast

¥

Orthochromatic
erythroblast

\/

Reticulocyte

|

Erythrocytes

Fig. 1.3: Genesis of Normal Red Blood Cells (RBCs)
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As the proerythroblast undergoes successive divigtte daughter cell
becomes smaller than its precursor, and its nuadeaspies a smaller
proportion of the total cell volume. These tendaods smaller cells and
nuclei with successive cell types in the series darly, intermediate and
late erythroblast.

The late erythroblast loses its nucleus and therblegomes a

reticulocyte. The reticulocytes enter the bloodshuyeezing between the
endothelial cells (diapedesis) of the sinusoidthan bone marrow. The
cells lose their endoplasmic reticulum and matate erythrocytes in

one or two days. From proerythroblast to erythredgkes three to four
days. For the red cell count to remain constaetr#éite of production of

red cells must equal the rate of destruction of cdtls. The rate of

production is indirectly controlled by the oxygemntent of the blood.

Factors Promoting Erythropoiesis
Factors important in promoting erythropoiesis ang/thgopoietin,
vitamins, iron, other hormones, proteins and certi@ce elements.

Erythropoietin

This is a hormone that is also known as erythragsistimulating
hormone. It is the main regulator of erythropoiesisman. It is a
glycoprotein and has a molecular weight of 34,000.

It is formed mostly in the kidneys (90%) and thenagning 10% is

formed in tissues outside the kidneys, mainly ia tiver. The main

stimulus for the production of erythropoietin isygen deficiency

(reduced oxygen delivery) to the tissues which ¢e&n caused by
hypoxia, bleeding, anaemia etc. Erythropoietin thstimulates the

haemopoietic tissues to form more red blood cé&tythropoietin also

causes the proerythroblasts to divide more ra@dly proceed to mature
erythrocytes. The total number of red blood cefisnains relatively

constant due to a negative feedback mechanisnsinglithe hormone
erythropoietin, which is released in response to laxygen levels

detected in the kidneys and liver (Figure 4-3).
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Fig.1.4: Function of the Erythropoietin Mechanism to Increase
Production of Red Blood Cells when Tissue Oxygenation Decr eases
Factor that decrease oxygenation

(1) Low blood volume
(2) Anaemia

(3) Low hemoglobin
(4) Poor blood flow

(5) Pulmonary disease

White Blood Cells

The leukocytes, also called white blood cediise the mobile units of the
body’s protective system. White blood cells (leukes) help defend the
body against disease. Five types of white bloots @k in circulating

blood and are distinguished by size, granular appea of the

cytoplasm, shape of the nucleus, and staining cterstics. The types
of white blood cells are the granular neutrophgssinophils, and
basophils, and the agranular monocytes and lympgascyNormally a

cubic milliliter of blood contains 5,000 to 10,0@Mite blood cells.

Formation of Granulocytes
The granulocytes are formed in the red bone mariidwe. sequence of
cell division/differentiation which gives rise toramulocytes is as
follows:

Pluripotent haemopoietic stem cell

Unipotent committed precursor stem cell

Myeloblast

Promyelocyte
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Myelocyte

Metamyelocyte l l

Neutrophil
Basophil

Eosinophil

The entire maturation process from myeloblast tatnoghil takes about
3 days.

Granulocyte and M acr ophage Colony- Stimulating Factors

The production of red and white blood cells is taged with great
precision in healthy humans. The production of glacytes is rapidly
increased in infections by bacteria, viruses, fungiparasites. The
proliferation and maturation of the cells that ertee blood from the
marrow are regulated by glycoprotein growth factorshormones that
cause cells in one or more of the committed ced#idito proliferate and
mature.

Three other factors, called colony-stimulating ¢ast (CSE) cause
committed stem cells to proliferate and mature.sEhare

0] Granulocyte-macrophage CSF. (GM-CSF)
(i)  Granulocyte CSF (G-CSF)
(i)  Macrophage (M-CSF)

Interleukins also play important roles in haemopisielnterleukins IL-1
and IL-6 followed by IL-3 act in sequence to corveturipotent
uncommitted stem cells to committed progenitorscditterleukins IL-4
and IL-5 also play their roles.

Neutrophils have red-staining fine cytoplasmic giles and a
multilobed nucleus; they comprise 54-62% of leukesy It is a very
motile and actively phagocytic cell that ingestsctbaa and other
microorganisms, small particulate matter and fibfife cytoplasmic
granules of neutrophils appear to be the specpésyof lysosomes
containing hydrolytic enzymes which are used totrdgsbacteria and
other microorganisms. Because of their motilityagbcytic activity and

large numbers, neutrophils play a key role in thdys defense against
bacterial invasion. The neutrophils seek out, ihgesl kill bacteria and
have been called the body’'s first line of defengmaimst bacterial

infections.  Neutrophils also release thromboxanesat t are

vasoconstrictors and platelet- aggregating agents.

Eosinophils have coarse granules that stain de®parbilobed nucleus,
and make up only 1-3% of circulating leukocytes.effhare weak
phagocytes, and they exhibit chemotaxis. They ese motile than the
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neutrophils. The cytoplasmic granules of eosingplubntain many
enzymes such as oxidases, peroxidases, and phasghatndicating
that the primary function of the eosinophil is defication of foreign

proteins and other substances. Eosinophils are natmendant in
connective tissues than in the blood, particuldrg/lung, the mammary
glands, omentum, and the inner wall of the smadistine.

Basophils have fewer granules that stain blue; #wpunt for less than
1% of leukocytes. The basophils in the circulatiohgod are similar to

the large tissue mast cells located immediatelysidat many of the

capillaries in the body. Both mast cells and bagsgiberate heparin

into the blood, a substance that can prevent bboagdjulation. The mast
cells and basophils also release histamasewell as smaller quantities
of bradykinin and serotonin

In allergic reactions, the antigen-antibody reacttause mast cells or
basophils to rupture and release exceedingly laggantities of
histamine, bradykinin, serotonin, heparin, sloweteg substance of
anaphylaxis and a number of lysosomal enzymes.elsigisstances then
cause local vascular and tissue reactions thaeaaasy, if not most, of
the allergic manifestations.

Monocytes are the largest blood cells, have vartabbped nuclei, and
make up 3-9% of circulating leukocytes. They migratto tissues,
enlarge up to five times and develop numerous ¢gsopic granules
(lysosomes). These cells are called macrophagesthayd are much
more powerful phagocytes than neutrophils. Macrgpkahave a
powerful lysosomal lipase which breaks down theidipch cell
membranes of many bacteria. Many macrophages betigetewithin
tissues. These stationary phagocytic cells areddlssue macrophage
system.

Tissue macrophage are found virtually in all arafathe body especially
in the skin and subcutaneous tissue, the lymph sjodeeoli of the
lungs, the liver sinuses (Kupffer cells), the splaad marrow and in the
brain.

Lymphocytes are long-lived, have a large, roundieus; and account
for 25-33% of circulating leukocytes. They arewbtmain types:

a. B-lymphocytes, which are for humoral immunitye.i.they
synthesise circulating antibodies.

b. T-lymphocytes, which are processed by or in soway
dependent on the thymus gland. They are responBibleell-
mediated immunity i.e. the production of lymphogsytehich are
sensitised against specific antigens.
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The life of the granulocytes after being releagethfthe bone marrow
is normally 4 to 8 hours circulating in the bloaadaanother 4 to 5 days
in tissues where they are needed. The monocytes halge a short
transit time, 10 to 20 hours in the blood, befo@ndering through the
capillary membranes into the tissues. Once inigses, they swell to,
much larger sizes to become tissue macrophagesjratids form, can
live for months unless destroyed while performimggocytic functions.
The lymphocytes have life spans of weeks or montiis; life span
depends on the body’s need for these cells. Thieleta in the blood are
replaced about once every 10 days; in other woatgut 30,000
platelets are formed each day for each microlitdri@od.

Platelets

Platelets are one of the formed elements of blbedathers being red
blood cells and white blood cells. Platelets aremied from the
megakaryocyte cells in the marrow by pinching-dfbis of cytoplasm
and extruding them into the circulation. Platel@ts not nucleated and
they have a diameter of 2t3The normal platelet count is 200,000-
400,000 per mi Platelets contain glycogen, lysosomes and twesyp
of granules: dense granules and alpha-granules. dEmse granules
contain ADP, serotonin and calcium. The alpha-gesucontain
clotting factors and other proteins. Platelets hitneeability to collect at
the site of injury (platelet aggregation) and dage the contents of
their granules (platelet release).

Functions of Platelets

0] They prevent blood loss by adhering to the vesselis and
forming aggregate plugs.

(i)  On damage, they undergo the release reaction és@becamines
(histamine, serotonin, and adrenaline), adeninelentides
(ADP) and phospholipids.

(i)  They bring about clot retraction (platelet contiiagbrotein).

(iv)  They contribute to endothelial integrity

The production of platelet is regulated by throndiepn or
thrombopoietic stimulating factor (TSF) which isepent in the blood.
Thrombopoietin increases the formation of megakaytes from
committed stem cells in the bone marrow.

64



NSC 203 MODULE 2

Plasma and Plasma Proteins
Plasma

Plasma is the fluid portion of the blood. It isastrcoloured. It is part of
the extracellular fluid, although it is found inetintravascular space. Its
composition is similar to that of the interstitilid, except for a much
higher concentration of proteins in the plasma.

Composition of Plasma

Plasma is composed of

0] Water

(i)  Electrolytes- Na K*, CI, HCGs, SQ, PG, Ca™, Mg**

(i)  Plasma proteins- albumin, globulins and fibrinogen

(iv)  Products of digestion- glucose, free- fatty acaisino-acids

(v) Hormones that have been released into the blood

(vi) Dissolved gases, especially carbon dioxide anttla uantity of
oxygen

(vi) Metabolic waste products such as urea, ucid,abilirubin.

Plasma Proteins

The plasma proteins consist of albumin, globulinl &ibrinogen. The
total plasma protein concentration is 64-83g p&r l(about 6-8g per
100ml). The globulin fraction can be subdividedoirdlpha, alpha,
beta, beta, and gamma globulins. The molecular weight of ailvuis
69,000 while that of fibrinogen is 340,000. Becausetheir large
molecular size, the plasma proteins do not normaélgs through the
capillary wall into the interstitial space. The f@ins remain in the blood
vessels and exert an osmotic force of about 25 mraEl@ss the
capillary wall (oncotic pressure) that tends tol gbe fluid from the
interstitial space into the intravascular space.

Functions of Plasma Proteins

0] Exerts an osmotic pressure of 25 mmHg (oncotisqune) that
helps to pull water from the tissue spaces baaktim blood.

(i) Helps to transport various substances, e.g. aterah-transports
calcium, bilirubin, alpha-globulin-transports cedi, thyroxine,
Vit B12. beta-globulin- transports iron (transferrin) dasikrol,
lipids, insulin, the fat soluble vitamins A, D, aKd

(i)  Plasma proteins act as blood buffers. They areoresiple for
15% of the buffering capacity of the blood.

(iv)  The proteins contribute to the viscosity of thedalo

(v)  The globulins are the antibodies that defend thdybagainst
foreign antigens.
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Blood Groups.

Human beings can be divided into different grougseal on the type of
antigen on the surface of their red blood cells @redantibodies in their
plasma. There are two main systems of blood grthgA.B.O. system
and the Rhesus system.

The A.B.O. System

This system is based on the presence of A, B, andB agglutinogens
(antigens) on the surface of the red blood cells.tlie basis of these
agglutinogens, human beings can be classifiedfoio groups: groups
A, B, AB and O. The plasma of each group contaigglwinin
(antibody) that is opposite in hame to the antigarthe surface of its
red blood cells. For example, group A contains Agam on the surface
of its red blood cells and B antibody in its plasibe distributions in
the different groups are summarised in the tablevbe

Blood Grou; | Agglutinoget Agglutinin

A A Anti — B

B B Anti — A

AB AB None

O None Anti A and Anti B

The blood group antibodies are gamma globulins,timas the IgM
types and they are produced by the same cellptbdtice antibodies to
other antigens present or introduced into the body.

The A, B, O blood group is inherited in a Mendelfashion. The three
genes involved are A, B, and O. The six possiblenplypes with the
corresponding blood groups are:

Phenotyp Blood Grouj
AA A

AB AB

BB B

AO A

OO0 O

BO B

Deter mination of Blood Group

Blood group can be determined using anti-A and -8nsera. A drop of

the anti-serum is placed on a tile (or slide). Bleod whose group is to
be determined is diluted 1 in 20 with saline (usinghite cell pipette of

a haemocytometer). A drop of the diluted blooddded to the anti-sera
and left for about 10 minutes. At the end of 10 ues, the mixture is
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stirred with a glass rod and it is noted whetheglatgation has taken
place. The typical agglutination pattern is showihie table.

RBC of Unknown| Anti- A Anti-B Blood Group
Groug

RBC - - 0

RBC + - A

RBC - + B

RBC + + AB

- means no agglutination
+ means agglutination is present

Rhesus Blood Group

In Rhesus blood group, there are six types of dgglgens named C, D,
E, and c, d, e. The first three are dominant arel I#st three are
recessive. Of the dominant antigens, the main stieel D antigen. 85%
of the population of all white people have the lagnogens and are
Rhesus positive. The remaining 15% don’t have Dlwggpgens and
are Rhesus negative. In American blacks, the p&agerof Rh positives
Is about 95%, whereas in some African blacks, ivirsually 100%.
Unlike in the A, B, O system, the Rhesus blood grbas no naturally
occurring antibody in the plasma to the D antigéme antibody is only
developed when a Rhesus negative person is exposed Rhesus
positive blood. Any of the A, B, O, blood groupshdae Rh positive or
Rh negative. Thus, we can have A + ve, A —ve, B, Bsee etc. Rhesus
blood group is of great importance in women intrefato pregnancy.
The problem is mainly in the Rhesus negative wontieshe has been
previously sensitised (by Rh positive blood trassio or Rh positive
baby where foetal and maternal blood mixed togethgyarturition), if
the next pregnancy is an Rh positive foetus, tretuf® may develop
severe haemolysis and jaundice due to Rh incomligtibr be born
dead (hydrops foetalis). An Rh positive woman daes have such
problem.

Blood Transfusion

This is the process whereby one person gives hilmbe passed into the
body of another person. The person who gives blondomeone else’s
use is called “donor” and the person to whom bl@odiven is called
“recipient”. Blood transfusion may be indicated dases of excessive
blood loss, severe anaemia or during surgical dp@talo ensure that
there is no agglutination, it is desirable thateipient should be given
blood of the same group as his own. Since thisisaiways possible, a
recipient can be given blood from another group viged the
agglutinins in the recipients’ plasma will not reawith the
agglutinogens on the donors’ cells. For instancee@pient who is
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group A cannot be given a group B blood since th&-B in the group
A plasma will react with the B agglutinogens on gmup B donor
cells. Apart from people with the same blood gramying blood to
themselves, the other possibilities in transfusitnas follows

B

From the above diagram, it will be noted that gr@upan give blood to
all the other groups, including group O, hence ftipisup is called
universal donor. Similarly, group AB can receivedd from all other
groups; hence the group is called universal regtpik is necessary to
explain here that although blood group O contamts/A and anti-B, it
can be given to blood groups A, B and AB with A amdB
agglutinogens because the volume of the donor hkéat less than the
total blood volume of the recipient. Hence, the laggin titre in the
donor blood is considerably diluted by the largeslume of the
recipient’s blood so that it is no longer strongoegh to cause
agglutination.

Hazards of Transfusion
Transfusion can be associated with some hazardsugh, with great
care, such hazards are indeed uncommon. The possibards are:

(@) Incompatibility- this can be of the A B O; Rhesws; expired
blood types. Inappropriate storage (excessive beatld) can
also cause incompatibility.

(b)  Overloading of the circulation- this occurs if larggolume of
blood is given too rapidly

(c) Air embolism

(d)  Transmission of infection e.g. malaria, AIDS virus.

(e) Allergic reaction

() Sensitisation, in case of Rh-positive blood to a-niegative
person on the first occasion.

() Febrile reaction due to pyrogens. This can be daoe
contamination of the blood giving set.

SELF-ASSESSMENT EXERCISE
Explain the following briefly
Plasma and Plasma Proteins
Plasma,

Blood transfusion and

68



NSC 203 MODULE 2

hazards of transfusion
40 CONCLUSION

You have learnt that the body is made of more fuid different
locations with different functions of the body fhsi

50 SUMMARY

This unit discuses intracellular Fluid (ICF), extedlular Fluid (ECF),
measurement of Body Fluid Compartment,
Blood, blood grouping and transfusion

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the different types of body fluids awtiere they are
located

2. Explain the method of measurement of body finidhe different
compartments

3. discuss the constituents and functions of blood

4. what are the implications of blood grouping ursing practice?
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1.0 INTRODUCTION

The body is prone to injury from daily activitiesdathere must be a way
of regulating blood loss otherwise the body wikdothe source of life.
In this unit you will learn more about the procedshow the body
controls loss of blood.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain the concept of haemostasis

describe the sequence of events that cumulatecimbstasis
explain the process of vascular spasm

describe the formation of platelet plug

discuss the formation of blood clot and clot reticat
describe the repair process of blood vessel enliatine

3.0 MAINCONTENT

3.1 Haemostasis
This is the process by which blood loss from thdybis prevented when

a blood vessel is cut or ruptured. Following injtmya blood vessel, the
sequence of events in haemostasis is as follows:
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Vascular spasm

Formation of platelet plug

Formation of blood clot

Growth of fibrous tissue into the clot to form apanent seal at
the point of vessel damage

Removal of excess fibrous tissue (fibrinolysis)

Repair of blood vessel endothelium

apop

S O

3.2 Vascular Spasm

This is a process in which the injured vessel @mtér to narrow or
obliterate it lumen, so as to reduce or stop bllesd altogether. Right
after a blood vessel is injured, it undergoes agybwl vasoconstriction
(vessel narrowing). Because the vasoconstrictiorsasstrong and
sudden, it is often called a vascular spasm. Tasm and narrowing of
the vessel lumen immediately slows the rate of dllmss, because less
blood is now flowing through the constricted, irgdrvessel. This spasm
lasts about 20 to 30 minutes during which time,rbgt two processes-
formation of platelet plug and formation of blootbtcwould have
occurred thereby providing a more effective seatlie damaged vessel.

3.3 Formation of Platelet Plug

There are about 200,000 to 400,000 platelets pet ofitnlood. When a
vessel is cut open, the collagen fibers in its \aedl torn. Platelets in the
surrounding blood become sticky and attach to kineddled ends of the
collagen fibers. As they pile up, a platelet plagcreated that partially
closes off the hole in the vessel wall. Platelsbaleleases ADP and
enzyme that cause formation of thromboxane A. Tiammane A and
ADP further cause the sticking together of platédstding to platelet

plug.
3.4 Formation of Blood Clot and Clot Retraction

This involves coagulation of the blood that comes of the blood
vessel at the site of injury.

Injury to the vessel wall creates a chemical catlexthrombin activator.
As its name indicates, prothrombin activator cots/@rothrombin (an
inactive clotting enzyme) into an active clottingizgme called
thrombin. Thrombin acts upon fibrinogen, which aseluble or
dissolvable within the bloodstream to form fibrkbrin filaments are
insoluble (not dissolvable) within the blood plasnience, the fibrin
filaments settle out of the blood and are deposated fibrin meshwork
over the platelet plugViore circulating platelets, as well as a few red
blood cells (RBCs), get stuck in this fibrin meshkvo
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The process by which the body prevents blood lassirs through two
mechanisms to produce a definite fibrin clot. Dasos in either system
can cause diseases that cause either too mucb ottl® clotting. They

are the Intrinsic and Extrinsic mechanisms. Thexolve the interplay

and activation of proteins or clotting factors. ylzee;

Factor | = Fibrinogen

Factor Il = Prothrombin

Factor Il = Tissue factor

Factor IV = Calcium

Factor V = Labile factor

Factor VI - Does not exist as it was named ingiatlut later on
discovered not to play a part in blood coagulation.

Factor VII = Stable factor

Factor VIII = Antihemophilic factor A

Factor 1X = Antihemophilic factor B or Christmasctar (named after
the first patient in whom the factor deficiency wixumented)

Factor X = Stuart Prower factor

Factor XI = Antihemophilic factor C

Factor Xll = Hageman factor

Factor XIII = Fibrin stabilising factor

Extrinsic Pathway

In the Extrinsic pathway, tissue trauma leads tease of two factors-
tissue factors (TF), a proteolytic enzyme and gsphiospholipids, the
latter is mainly from damaged cell membranes.

Factor X, in the presence of tissue factors, factdr and tissue
phospholipids is converted to activated factor X.

Activated factor X reacts with tissue phospholipgshel Factor V leading
to formation of thromboplastin (prothrombin activgt

0] Tissue damage——> TF + TP
(i)  Factor X TF, Vlland TP—> Xa

(i) Xa+TP+V Prothrombin activator

Where TF = Tissue factor
TP = Tissue phospholipids
VIl= Factor VII
V = Factor V

Xa = Activated Factor X
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Intrinsic Pathway
In the Intrinsic pathway,

(@) contact of blood with collagen or a foreign surfacenverts
Factor Xll to activated factor Xll, a proteolytimzyme. Also,
trauma leads to platelets aggregation and reledsplatelet
phospholipid or platelet factor.

(b) Next, Factor Xl is acted upon by activated Factdr t§ form
Activated Factor XI.

(c) Factor IX is acted upon by activated Factor XI aodverted to
activated Factor IX.

(d) Factor X is acted upon by activated Factor 1X, &adfll and
platelet phospholipids and converted to Activatadtér X.

(e) Activated Factor X reacts with Factor V and platele
phospholipids to form thromboplastin (prothrombatizator).

()  Factor XIl  Collagem, foreignsurface Xl

(i)  Factor XI XHz Xla
(i)  Factor IX Xk IXa
(iv) FactorX—> IDa+VI&PP Xa

v), Xa+V+PP——> prothrombin activator

Conversion of Prothrombin to Thrombin

Prothrombin is formed in the liver and vitamin K rigquired in its
formation. Prothrombin is converted by prothromhirtivator (formed
in the extrinsic and intrinsic pathways) in the gaece of calcium ions
to thrombin. Platelets also play an important riolehe conversion of
prothrombin to thrombin.

Conversion of Fibrinogen to Fibrin

Fibrinogen is also formed in the liver. Thrombinpm@teolytic enzyme,
acts on fibrinogen and converts it to fibrin monem&he fibrin
monomers join one another to form long fibrin tlideaThese fibrin
Threads form a mesh-work that traps blood cellatgbtts and plasma.
The initial fibrin thread can be easily broken, lituts acted upon by
fibrin stabilising factor (factor Xll). The factoXll is first activated by
thrombin and the activated factor XII act on thérifi threads to
strengthen them so that they can no longer be hreésily.

Clot Retraction

This is the final step in the clotting process. That formed above is
soft and jelly-like. The fibrin threads in the clodntract a few minutes
after the clot is formed and squeeze out mosteflthd (serum) so that
what is left is a firm clot. Platelets are impottam clot retraction and
low platelets count can lead to failure of clotaetion.
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Finally, excess fibrin that may be occluding pafttlze blood vessel
lumen is removed (fibrinolysis) and the damaged ogmelium is
replaced by a new one.

Growth of Fibrous Tissueinto the clot

The clot is soon invaded by fibroblasts leadingdiamation of dense
fibrous tissue. The latter completes the final isgabf the cut in the
blood vessel.

Fibrinolysis

If a small blood vessel is involved, the fibrousstie may permanently
occlude the entire lumen of the vessel, but if @ biood vessel is

involved, the fibrous tissue at the site of vasculgury is retained, but

excess fibrous tissue in clots that must have ebe@no the lumen of the
vessel is dissolved by the enzyme plasmin, softeatflow of blood can

occur once more.

3.5 Repair of Blood Vessel Endothelium

This is the final step in the process of haemostashe damaged
endothelium is replaced by the formation of a niexmgy.

SELF- ASSESSEMENT EXERCISE

Describe the process of repair of blood vessel gediam

40 CONCLUSION

You can conclude by saying that the blood lossoistrol by several
mechanical and chemical mechanisms. You have |lg@hblood loss is
controlled throughvascular spasm, formation of blot clot, growth of
fibrous tissue into the clot to form a permaner s¢ the point of vessel
damage, fibrinolysis and repair of blood vesselognelium

5.0 SUMMARY

In this unit, you have learnt that haemostasigaEgss by which blood
loss from the body is prevented when a blood vesselit or ruptured
through six main stages from the point of cut te goint of repairs of
the blood vessels. You must have also noted whppdres at the
different stages of repair.
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6.0 TUTOR- MARKED ASSIGNMENT

Activity — See the instructions for Laboratory practicals @ecgied by
the Facilitator

Answer the following questions.

What is haemostasis?

Explain vascular spasm

Describe the formation of platelet plug

Discuss the formation of blood clot and clot reti@T

aoow
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1.0 INTRODUCTION

The body is able to survive in an environment waticroorganisms and
the toxins of these organisms that are often daugeto the survival of
the body. However, the body’s immune system helps fight
microorganisms and develop some resistance to themhis unit, you
are going to learn more about the different typegmonunity and the
mechanism of antibody function.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain the concept of immunity

discuss different types of immunity

differentiate between passive immunity and actmeunity
discuss the mechanism of action of antibodies.

3.0 MAINCONTENT

3.1 Immunity

This is the ability of the human body to resist aémnall type of
organisms or toxic substances that tend to danfegssue or organs. It

is classified into 2 major groups:

(a) Active immunity and (b) Passive immunity.
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3.2 Active Immunity
This is further divided into innate and acquirearomity.

The Innate Immunity

This involves all the processes already presenthan body of an
organism that are directed at protecting the bddii@organism, e.g. (1)
the resistance of the skin to invasion of organis)rdestruction in the
stomach of foreign organism entering the gut thiotige mouth by acid
secretion (iii) phagocytosis of bacteria and otfeeign invaders by
white cells or cells of the tissue macrophage sygig) also present in
the blood are certain chemical such as lysosomas attack foreign
organisms or toxins.

Acquired mmunity

This type of immunity is not present naturally e tbody. There are two
types of acquired immunity namely cellular and hwmh@anmunity. It is
the product of the body lymphocyte system.

Cellular Immunity

It plays an important role in the body’s defensaiasft viral, bacteria,
fungi infection and in transplant rejection. T-lyhgeyte function may
be suppressed by steroid hormones or by the drathiaprine. Such
drugs are used to prevent rejection of grafteduéissr organelles.
Cellular immunity is mediated by T-lymphocytes. Tymphocytes
derive from the stem cell in bone marrow migratéhthymus where it
Is processed and become immunologically competBuiting this
process, each lymphocyte T develop specific redgtimgainst one
antigen, thus at the end of the process thereitieeetht T-lymphocytes
with specific reactivity against millions of diffent antigen. These
processed lymphocytes leave the thymus and spiaadighout the
body lodging in the lymphoid tissue all over thedpoThese T-cells
have thousands of receptor molecules on its sudaceantigens bind
with these receptors. T-cells processed in the tlsyare screened to
ensure that when release into circulation they @lar@act with the body
tissue, those that fail the test are phagocytissttad of begin released.

There are four major types of T-lymphocyte
(1) HelperT cells
(2)  Cytotoxic or killer T cells

(3) Suppressor T cells
(4) Memory T cells
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Helper T Cell

They are the most numerous of the T cells and toegtitute 70% of T-
lymphocyte. They serve as the main regulator ofnathune functions.
They do this by forming series of products mediatdted lymphokines
or interleukins that act on the cell of the immwwystem. The important
interleukin secreted by the Helper T cell are 1U23, IL-4, IL-5, IL-6,
granulocyte-monocyte cloning stimulating factor atiek interferon.
When this lymhokines are absent, the remaindeh@finmune system
Is paralysed.

Helper T cells stimulate the growth of cytotoxic@ll and suppressor T
cell. This is mediated by the interleukin -2 with-4 and IL-5 playing
subsiding role. T cells also stimulate the B-celiowgth and
differentiation to form plasma cell and antibodids4, IL-5, IL-6 are
responsible for this action. The lymhokines of thelper T cells also
ensure that macrophages slow down or stop theiratnogn when they
reach the site of attraction. They also activaterttacrophages leading
to increase and infective phagocytosis. The celllilaells are mediated
by the lymphocytes.

Cytotoxic Cells

They are direct attack cell capable of killing noierganism. Each cell
has antigen specific surface receptors that biglilyi to organism or
cell that contain their specific binding antigenhey secrete hole-
forming protein called perforins that punch largdels in the membrane
of the attached cell leading to inflow of fluid anthe cell and lysis. A
single cytotoxic cell can kill hundreds of organibefore its own death.
Cytotoxic T cell play an important part in destmyicancer cell, heart
transplant and other type of cells that are foréogthe body.

Suppressor T Cells

They suppress the function of both cytotoxic antpéreT cells. They
regulate the activity of other cells preventing nthdrom causing
excessive immune reaction which may damage the lisdye. The
process by which suppressing T cell limit the &piif immune to attack
a person own tissue is known as immune tolerance.

Memory T (or B) Cells
These are cells that have been exposed to an ardigg are readily
converted to effector cells by later encounter \thign same antigen.

Humoral Immunity

This is mediated by B-lymphocytes. They are pregseed in the liver
during the mid foetal life and in the bone marrowthe late foetal life
and after birth. After preprocessing, they migrat® the lymphoid

tissue throughout the body. These cells differémtiato plasma cell and
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memory B cells. The mature plasma cells are resplendor the
production of antibodies. These antibodies produme called
immunoglobulins and there are five classes of imoglwbulins- IgM,
IgG, IgA, IgD, and IgE. IgG is the most abundantriomoglobulin in
man (about 75% of the total). Most antitoxins andus/ antibodies
belong to this class of immunoglobulins. IgM ar&ocgfnt in reacting
with bacteria and foreign cells. IgA protect theausi membrane. IgE is
involved in hypersensitivity such as asthma andfbagr.

When an antigen is introduced into the body, adlik® appear in the
blood after a few days. The antibody produced @mfitst contact with
antigen increases rapidly to a peak which is nat yegh and then
decline. If the same animal is injected with themsaantigen, the
response occurs sooner and the amount of antibomjuped is much
greater than the first exposure. This is the semgnohmune response.
The more rapid appearance of antibody and the ggr@mbduction are
due to the presence of long-lived B-lymphocytetedanemory B cells.

3.3 Mechanism of Action of Antibodies

Antibodies act in two different ways: (i) by direzttack on the invader
(i) action of the complement system that destrdys invader. The
direct action of antibodies is carried out in savevays which include:
(1) agglutination (ii) precipitation (iii) neutradation and lysis.

These direct actions of antibodies attacking antgenvader under
normal condition are not strong enough to play aomaole in
protecting the body against the invader. Most efghotection forms the
amplifying effect of the complement system for batlies action.

Complement system cell: Complement is a colledigren of describing

a system of 20 different proteins many of which emeyme precursors.
The principal actors of the system are 11 protdesignated C1-C®
and D, shown in Figure 1-30. The enzyme precursmes normally
inactive, but they can be activated in two waykthlg classical pathway
(ii) alternate pathway.

The classical pathway is mediated when an antigéibady reaction
occurs. The activated1Gactivates C2, C3, C4, and so on, setting in
motion a “cascade” of reactions and the enzyme ymedcause the
following effects:

(1) Phagocytosis
(2) Lysis

(3) Agglutination

(4) Neutralisation
(5) Chemotaxis
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(6) Activation of mast cells and basophils
(7) Inflammatory effects

Antigen—antibody complex
]

i Opsonization of bacteria

Lol I ——L
H Activate mast

B cells and basophils

4 + Cz—vh._ C42 + Cda

c3 _\-’- CBb + 031 Chemotaxis of
white blood cells
I
;' '!\"r
Ry 2 O S e CSb + C5a
Micro-organism + | 7 [
B andD | {r
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:
L
Y

C8 + CO m—————t- (" Hh 6780

Lysis of cells

Fig. 3.1: Cascade of Reactions during Activation of the Classical
Pathway of the Complement System

In the alternate pathway, antigen-antibody com@exte not required to
activate the system. This occurs in response fgelgolysaccharide
molecules of some invading organisms. These submstareact with
complement B and D forming an activated product #wdivates factor
C3 setting off the remainder of complement pathwidyis leads to the
release of the same enzymes and the same effeatsthe classical
pathway. Since the alternate pathway does not wevan antigen-
antibody reaction, it can function even before aspe is immunised
against a particular organism.

3.4 Passive Immunity

This can be achieved by injection of preformedtaty obtain from the
plasma of another blood cell or of an animal thavenhalready been
actively immunised against a particular diseasehSantibody can be
given in treatment of tetanus. Passive immunity algo be transferred
from a mother to a newborn via colostrum.

SELF-ASSESSMENT EXERCISE

With the aid of a diagram explain cascade of reastiduring activation
of the classical Pathway of the complement system.
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40 CONCLUSION

In conclusion, the body is able to resist infecsitirough active (innate
or acquired) and passive immunity through activacess of antibodies
formation.

50 SUMMARY

In this unit, you have learnt about the following
The concept of Immunity

Different types of Immunity

The differences between Passive immunity and/Adammunity
The Mechanism of action of antibodies

apop

6.0 TUTOR-MARKED ASSIGNMENT

Activity — As prescribed in the Laboratory assignment

Answer the following questions:

1. Explain the concept of Immunity

2. Discuss different types of Immunity

3 Differentiate between Passive immunity and Agtimmunity

and give examples of such as you see in your peacti
4, Discuss the Mechanism of action of antibodies
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York: Mc Graw Hill.

Guyton, A.C., Hall, J.E. (2001)extbook of Medical Physiology. (10th
ed.). Philadelphia: Harcourt International Editior\V.B.
Saunders.

Oyebola, D.O. (2002Essential Physiology, Vol 1, Nihort Press.
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MODULE 3

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 tfans and work in
with the vessels to maintain the needed pressurgldod to flow round
the body.

MODULE OBJECTIVES

By the end of this Module study session, you mesalle to:

describe the structure of the heart and its compisne

explain the systemic and the pulmonary circulation

state the pacemaker potential and the myocardi@ragotential
list the components of the electrocardiogram (e.g.)

analyse the short-term and long-term regulatioartérial blood
pressure

. describe circulatory shock.

UNIT 1 THE CIRCULATORY SYSTEM

CONTENTS

1.0 Introduction
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 Circubati
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 throughlibdy that allows
for change of required nutrients and exchange @eréint types of
wastes. This unit covers the coordinated circutatibblood to different
parts of the body.
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2.0 OBJECTIVES

By the end of this unit, you will be able to:

o explain the concept of haemodynamics
o enumerate the functional parts of the circulation
. state the functional divisions of the circulation.

3.0 MAIN CONTENT

3.1 Systemic and Pulmonary Circulation: Haemodynanas

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 appropeatgronment in all
the tissue fluids of the body for optimal survivald function of the
cells. The rate of blood flow through most tissugscontrolled in
response to tissues need for nutrients. The hedrciaculation in turn
are controlled to provide the necessary cardiag@uiuand arterial
pressure that are required for tissue blood flow.

The circulation is divided into the systemic ciaibn 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

3.2 Functional Parts of the Circulation

Arteries: Are blood vessels that carry blood awayrf the heart to the
lungs and tissues. The arterioles are the lastlsbomahches of the
arterial system; they act as control conduits tghowhich 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 pobny artery which
transports deoxygenated blood from right ventricléhe lungs.

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

Veins: These are blood vessels that carry blooth@oheart, from the
lungs and tissues. They serve as a major reseseixtra blood. Blood
pressure in veins is extremely low as a resultyesalformed by the
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tunica internal layer are necessary to preventftmgkMost veins carry
deoxygenated blood, except the pulmonary vein whi@nsports
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 circalativhen it enters the
left atrium through the pulmonary veins. The blosdthen pumped
through the mitral valve into the left ventriclerof the left ventricle,

blood is pumped through the aortic valve and ih& d&orta, the body's
largest artery. The aorta arches and branchesmafjor arteries to the
upper part of the body before passing through taphdagm, where it
branches further into arteries which supply thedoywarts 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 loé tblood into the
interstitial fluid and then into the cell. The dggenated blood
continues through the capillaries which merge weaules, then veins,
and finally the venae cavae, which drain into thghtr atrium of the

heart. From the right atrium, the blood travelsotigh the pulmonary
circulation to be oxygenated before returning agenthe 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 cardiovaacidystem which is
responsible for carrying de-oxygenated from therthathe lungs and
then back to the heart for it to transfer the oxyajed blood to the rest
of the body. Oxygen-depleted blood from the bodyés the systemic
circulation when it enters the right atrium throutite superior and
inferior vena cavae. The blood is then pumped thnothe tricuspid

valve into the right ventricle. From the right vecie, blood is pumped
through the pulmonary valve and into the pulmonaryery. The

pulmonary artery splits into the right and left poihary arteries and
travel to each lung. In the lungs, the blood traxbfough capillary beds
on the alveoli where gaseous exchange occurs, iemogrbon dioxide

and adding oxygen to the blood. The alveoli aresaas in the lungs that
provide the surface for gas exchange during retspiralhe oxygenated
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blood then leaves the lungs through pulmonary veumsch 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 ventriclehet blood is pumped
through the aortic valve into the aorta to travefotigh systemic
circulation, delivering oxygenated blood to the ypdakfore returning
again to the pulmonary circulation.

SuUperior
YEMS Cava

Pulmanary
arkery

Pulmonar
valvz Left atrium
Right fortic valve
atrium Mikral walve

Tricuspid

valve Left

wenkricle

Right

ventricle sepkurn

Inferiar
YENA Cava

Myacardium

Fig.1.1: The Human Heart

SELF-ASSESSMENT EXERCISE

Using the diagram of human heart above, explain ti@wblood flows
through the bicuspid valve into the left ventrictbe blood is pumped
through the aortic valve into the aorta to travietough systemic
circulation, delivering oxygenated blood to the ypdakfore returning
again to the pulmonary circulation
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4.0 CONCLUSION

You can conclude that, blood circulation througé é#nteries, veins and
capillaries, circulation is divided into the sysiengirculation and the
pulmonary circulationYou also observed that, the systemic or greater
circulation supplies blood to all the tissues & body except the lungs,
while the pulmonary circulation covers the movemande-oxygenated
blood from the heart to the lungs and then back&heart for it to
transfer the oxygenated blood to the rest of thaybo

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

Activity — Laboratory assignment

Answer the following questions:

1. Explain the concept of Haemodynamics

2. Describe the functional parts of the circulation

3 Explain what happens in pulmonary and systematiiation.

7.0 REFERENCES/FURTHER READING
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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

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

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain what in details the cardiac muscle
discuss the cardiac muscle action potential
state 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 abo0t383® 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@c muscle is very
different from that of skeletal muscle.

Like skeletal muscle, cardiac muscle is striateédcantains the same
basic contractile proteins forming thick and thitarhents that are
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organised into sarcomeres as they are in skelatatl® and the same
sliding filament mechanism applies. Cardiac muditdees or cardiac
cells (i.e. myocytes) also contain myofibrils, awmark of T-tubules, and
sarcoplasmic reticulum (SR). Force generation @matantrol by C&
are also very similar to skeletal muscle, althoagidiac muscle is less
dependent on the release ofPClom 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 fibres. Cardiac muscle cells depend prigpaoih oxidative
phosphorylation to generate ATP. They are highbistant to fatigue,
but are also highly dependent on a continuous gufadxygen. Cardiac
muscle cells are much shorter than skeletal mugmles and they are
sometimes branched. A typical ventricular muscli iseroughly 100
microns long and about 20 microns in diameter.

Individual cardiac muscle cells are joined togethgrstructures called
intercalated discs, as shown in Figure 1-2. This igery important
distinction between cardiac and skeletal muscler&tare two types of
membrane junctions in the intercalated discs. These

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

(b)  gap junctions, which are low resistance eie&krconnections
between adjacent cells.

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

O oo

Mooy te | |

——,

<5

i s

Fuclewus Ilntercalated
clisc

Fig. 2.1: Diagrammatic Section of Cardiac Muscle
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3.2 The Cardiac Muscle Action Potential

The cardiac muscle has a distinct action potentath is different from
that seen in skeletal muscle and is an importa@iptation for the
functions of the heart.

The cardiac action potential has five phases, asvishn Figure 1-3.
During phase 0, membrane permeability to potassieaoneases 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 sodiumgadility. Phase 2 is
the plateau phase of the cardiac action potei@nmbrane permeability
to calcium increases during this phase, maintaiiegolarisation and
prolonging the action potential. Membrane permésbilo calcium
decreases to some extent towards the end of phasel 2he plateau is
partially maintained by an inward sodium ion. Sadifiows into the
cell through the sodium-calcium exchanger. The amghr transfers
three sodium ions into the cell in exchange for calkeium ion flowing
out, and so produces a net inward flow of posiimes. As calcium
channels inactivate towards the end of the plaggsase, an inward
potassium ion produces repolarisation in phasend.résting membrane
potential in phase 4 is approximately —90 mV.

H+ Cf efffux
Cal influx and K+
+20Myv Phase 1 afffux
F Phase 2
Phase 0

Rapid Na+ influx

-90Mv ‘Phase 4 Phase 4

K+ lons enter cell and Na+
ecltange via Na+H 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
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3.3 The Pacemaker Cells

Pacemaker cells are found in the sinoatrial (SAJ atrioventricular

(AV) nodes. However, the sinoatrial node has aefasdte 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\sinoatrial
node in comparison with -85 to -90mV in ventriculawuscle
fibres.

b. The cell membranes of the sinus fibres are alyuteaky to

sodium ions and allow the influx of Nathereby neutralising
much of the intracellular negativity.

Between heart beats, influx of Naauses slowly rising membrane
potential. When the membrane potential rises tbrashold voltage of
about -40 mV, the calcium-sodium channels becontigaded, leading
to rapid entry of both calcium and sodium ions telisiting the action
potential. However, the opening of the calcium andium 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. Astihesting 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 towardstheshold level for
discharge. This process is repeated over and brxaughout the lifetime
of the individual.

3.4 The Cardiac Cycle

The cardiac events that occur from the beginningn& heartbeat to the
beginning of the next are called the cardiac cycléhe series of events
that occur during one complete heartbeat. Cardjateds divided into
two main phases; (I) ventricular diastole (ii) weslar 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 @ktasis), rapid active
filling (atrial contraction).

After the ventricles have ejected the blood inte #rteries, the aortic
and pulmonary valves close. As the ventricles reldvere is
isovolumetric relaxation i.e. no change in volursetse ventricles relax,
because all the four valves are closed. This ré@axavith no change in
volume leads to a reduction in the pressure in thatricle.
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Simultaneously blood flowing into atria from inferiand superior vena
cavae and the pulmonary veins cause an increate ipressure in the
atria. When the pressure in the atria rises abloatein the ventricles, the
atrio-ventricular valves are forced open and blood rusapslly into the
ventricles. About 75 percent of blood entering Yleatricles does so by
this passive means (rapid passive filling). Theaiming 25 percent is
forced into the ventricles by contraction of affiapid active filling). At
this point the ventricles begin to contract ande¢he sudden closure of
the atrioventricular valves. (This gives rise te thist heart sound).
Ventricular systole refers to period of ventricutasntraction. Events
occurring during ventricular systole include; istmroetric (isovolumic)
contraction, ventricular ejection.

The ventricles continue to contract with four vahagain closed. This
phase is called the isovolumetric contraction. Dgrthis phase the
pressure in the ventricles rises rapidly until theyceed that in
pulmonary artery and aorta. The aortic and pulmpralves are pushed
open and blood is ejected into the aorta and pudmporarteries
(ventricular ejection). The ejection continues lagdo drop of pressure
in the ventricles until the pressure in the aond @ulmonary artery
exceeds that in the ventricles. There is thus detecy for the blood to
flow back which is prevented by closure of the @oand pulmonary
valves. (This gives rise to the second heart sou@dge the pulmonary
and aortic valves are closed, all four valves agaira closed and
isovolumetric relaxation of the ventricles begihereby completing the
cardiac cycles. On average, the cycle is repeated/ .8 seconds i.e.
72 cycles per minute.

Outflow valves

close
Inflow valves open

Z
N

Allvalves
close

N e pided
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5(,,/2”3911@

s | Al valves
close

Fig. 2.3: Annotated Diagram of Cardiac Cycle
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Wiggers diagram is a standard diagram in cardiadas@hysiology to
illustrate the haemodynamic consequences of caoyicle (Figure 1-5).
The X-axis contains the time. The Y-axis contaiB&od pressure;
ventricular pressure, aortic pressure and atriglsgure, Ventricular

volume changes, Electrocardiogram, Phonocardiogram
(optional).
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Fig. 2.4: Wiggers Diagram
SELF- ASSESSMENT EXERCISE

With the aid of a diagram explain the Cardiac €ydtractice to help
you master the diagrams in all the units in variouglules.

4.0 CONCLUSION

In conclusion, the heart is made of special cardracscles with a
distinct action potential which is different frorhat seen in skeletal
muscle and is an important adaptation for the fonstof the heart.

50 SUMMARY
You have learnt about the Cardiac Muscle, the @ardiluscle Action
Potential, the Pacemaker cells and the CardiaceCyatl you should be

able to explain how the cardiac muscle is specialde to perform its
unique functions within these contexts.
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6.0 TUTOR- MARKED ASSIGNMENT
Activity - See Laboratory instructions

Answer the following questions:

Explain in details the Cardiac Muscle.
Discuss the Cardiac Muscle Action Potential.

Explain in details The Pacemaker cells.
Discuss the Cardiac Cycle.

aoow
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UNIT 3 ELECTROCARDIOGRAPHY
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Electrocardiography
3.2 ECG Leads

4.0 Conclusion

5.0 Summary

6.0 Tutor- Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

The heart sustains some electrical charges thaheasurable to explain
the functioning of the heart. In this unit, you @y@ng to learn about
electrocardiography.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o give detailed explanation about electrocardiography

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

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

3.0 MAIN CONTENT
3.1 Electrocardiography

Electrocardiography is a trans thoracic (across ttl@rax or chest)
interpretation of the electrical activity of thedneover a period of time,
as detected by electrodes attached to the out&csuof the skin and
recorded by a device external to the body. By paalectric contact
points called electrodes at suitable locations owithin the body, the
electrical impulses could be detected, amplified &mmanscribed into
graphic record by the instrument called electrocgmph (ECG
Machine). The graphic record of the heart eledtrazivities recorded
from the body surface constitutes what is knowrelastrocardiogram
(ECG) while the graphic record obtained directlgnfr heart muscle is
called electrogram. Electrocardiogram (ECG) is ginephic record of
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the electrical activities of the heart detectedhat body surface by the
aid of electrodes and lead system. The electrongirain (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 tinpem#ent electrical
activities of the different regions of the hearttlre transcribed on the
graph paper as either upward (positive) or downwémdgative)
deflections separated by isoelectric lines. Theaogam formed from
the deflections constitutes what is called eleardiogram as denoted
by PQRST complex, shown in Figure 1-6. The denmigtican be
measured in terms of magnitude, duration, oriemtatind shape. The
various parameters had been standardised. Therefiteeations in the
standard pattern provide clues for the diagnosisoaie cardiac lesions
at a particular time.
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Fig. 3.1: A Normal Electrocardiogram

The electrocardiogram is composed of waves and lBxap. Waves
and complexes in the normal sinus rhythm are theat®, PR interval,
PR segment, QRS complex, ST segment, QT intervhlTamave.

The P Wave

The P wave is caused by atrial Depolarisation. Pheave is usually
smooth and positive. The P Wave duration is noymiaés than 0.12
Sec and the amplitude is normally less than 0.25Mnregative 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 ttarend of the P
wave to the beginning of the QRS complex. The PRmMsat

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

The P-R Interval

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

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

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

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

The QRS Complex

The QRS complex represents the time it takes fpokdeisation of the
ventricles to occur. The normal QRS interval ramgyé&rom 0.04 sec -
0.12 sec measured from the first deflection to é&mel of the QRS
complex.

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

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

The QT Interval

The QT interval begins at the onset of the QRS dexn@gnd ends at the
end of the T wave. It is the period from the onseétventricular
depolarisation to the end of ventricular repolditsa
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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 ddfere between two of
the electrodes and is what is actually producedhigyECG recorder.
Each will have a specific name. For example, "LEatead one) is the
voltage between the right arm electrode and the deh electrode,
whereas "Lead II" (lead two) is the voltage betwésan right limb and
the feet. This rapidly becomes more complex asdafribe "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 ECGdecp

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, leadf Bnd Il are called

limb leads. The electrodes that form these sigaa¢slocated on the
limbs—one on each arm and one on the left leg.lifhie leads form the
points of what is known as Einthoven's trian@egure 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) lef (LL) electrode and
the right arm (RA) electrode: Il = LL — RA.

Lead Il is the voltage between the (positive) lefi (LL) electrode and
the left arm (LA) electrode: Ill = LL — LA.

In a 12-lead ECG, all leads besides the limb lem@sunipolar (aVR,

aVvL, aVF, V1, V2, V3, V4, V5, and V6).
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Fig. 3.2: Einthoven Triangle, Illustrating 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 conthebie special

mechanism, which allows for augmentation of theteleal activities of

the heart. The positive pole of the augmented lieadl 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 usedagpaositive pole are
connected to a central terminal or indifferent &l@de which has zero
potential. Thus, there is augmentation of the akadtactivities 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 comlmnabdf the left arm
(black) electrode and the left leg (red) electraglkich "augments” the
signal strength of the positive electrode on tgatrarm:

aVr= RA — % (LA + LL).

Lead augmented vector left (aVL) has the positbladk) electrode on
the left arm. The negative electrode is a combomatf the right arm
(white) electrode and the left leg (red) electroghich "augments"” the
signal strength of the positive electrode on tliiediam:
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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, whHailhgments" the signal
of the positive electrode on the left leg:

aVr=LL-% (RA + LA).
- |+
aVv a avL

avF

Fig. 3.3: The Standard ECG Leads Electrodes

Chest (Precordial) Leads

The electrodes for the precordial leads (V1, V2, V3, V5 and V6) are
placed directly on the chest (Figure 1-9). Becaos$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 planeeierred to as the Z axis.

The chest leads are arranged on the chest watlrindmtal 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
SELF- ASSESSMENT EXERCISE

With proper description, write short notes on tbkoiving

the galvanometer connections for standard limbdeal and 111
The standard ECG leads electrodes

Chest Lead Positions

4.0 CONCLUSION

You have studied the electrocardiography, the iiffe waves and
complexes that Electrocardiography is compose®®6iG and different
types of ECG leads used in ECG recording. Pleaszrdase how much
you have learnt to see how much you can recolleatiteach of these.

5.0 SUMMARY

You have learnt about Electrocardiography, theed#iit waves and
complexes that Electrocardiography is compose®6iG and different
types of ECG lead used in ECG recording. Pleasermi@ie how much
you have learnt to see how much you can recolleatiteach of these.
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6.0 TUTOR -MARKED ASSIGNMENT

Activity — See Laboratory assignment as providedhayfacilitator.

Answer the following questions:

1. What is electrocardiography?

2. Explain  the different waves and complexes of
Electrocardiography

3. What are the different types of ECG leads usedECG
recording?

7.0 REFERENCES /FURTHER READING

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

Ganong, W.F. (2010)Review of Medical Physiology. (23rd ed.). New
York: Mc Graw

Hill Guyton, A.C., Hall, J.E. (2001)Textbook of Medical Physiology.
(10th ed.). Philadelphia: Harcourt Internationalitibd, W.B.
Saunders.

Oyebola, D.O. (2002Essential Physiology, Vol 1, Nihort Press.
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UNIT 4 CARDIAC OUTPUT AND CONTROL OF
CARDIAC OUTPUT

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Cardiac Output
3.2  Control of Cardiac Output
3.3 Regulation of Heart Rate
3.4 Regulation of Stroke Volume

4.0 Conclusion

50 Summary

6.0  Tutor- Marked Assignment

7.0 References/ Further Reading

1.0 INTRODUCTION

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

you are going to learn more about per minute fenatig of the heart as
such relates to some of the measures that you ttakketermine the

health status of clients. In this unit, you wilves the concept of cardiac
output, regulation of the heart rate and the rdgulaof the stroke

volume.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain what cardiac output is

discuss the control of cardiac output

analyse how heart rate is regulated

explain regulation of stroke volume and its det@&amnts.

3.0 MAIN CONTENT

3.1 Cardiac Output

Cardiac output is defined as the volume of bloodcteld by each
ventricle per minute. It is a function of hearteraind stroke volume. The
heart rate is simply the number of heart beatsnp@ute. The stroke
volume is the volume of blood, in milliliters (mLpumped out of the

102



NSC 203 MODULE 3

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 @s/b@nute and a
resting stroke volume of 70 mL/beat. The cardiaipoufor this person
at rest is:

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

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

Thus, cardiac output can be increased either lngasing the heart rate
or by increasing the stroke volume or by increasioth heart rate and
stroke volume.

3.2 Control of Cardiac Output

Since cardiac output is a product of heart rate sindke volume,
variations in cardiac output can be produced bygha in heart rate or
stroke volume or both stroke volume and heart rate.

3.3 Regulation of Heart Rate

The sinoatrial (SA) node of the heart is innervdigdooth sympathetic
and parasympathetic nerve fibres. Under conditiaris rest the

parasympathetic fibres release acetylcholine, wlacts to slow the
pacemaker potential of the SA node and thus retieeet rate. Under
conditions of physical or emotional activity sympetic nerve fibres

release norepinephrine which acts to speed up dbenpaker potential
of the SA node thus increasing heart rate. Sympathervous system
activity also causes the release of epinephrina tite adrenal medulla.
Epinephrine enters the blood stream, and is delivés 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 pumpezihfrone ventricle

of the heart with each beat. The stroke volumeei®mnined by two
main factors:
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l. Nervous stimuli
. End-diastolic length of cardiac muscle fibres.

Sympathetic nerve stimulation makes the myocardiaiscle fibres
contract with greater strength, while parasympathsgrve 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. Increladeart rate caused
by catecholamines released by sympathetic stinomlas referred to as
their chronotropic action, while their effect oretforce of contraction is
called their inotropic action. Factors that inceedise force of cardiac
contraction are said to be positively inotropic d@hdse 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 venlteg received during

diastole. The degree to which the ventricular musglstretched before
it contracts is called preload. It has been shdvamthe more the cardiac
muscle fibres are stretched before they contrhetgteater is the force
of contraction. This relationship holds as longhes muscle is not over-
stretched to cause damage to the contractile 8s3iee relationship of
muscle length to the tension developed is knowStadings law of the

heart or Frank-Starling law.

SELF —ASSESSMENT EXERCISE

Briefly write what you understand about the follagi

Cardiac Output

Control of Cardiac Output
Regulation of Heart Rate
Regulation of Stroke Volume

4.0 CONCLUSION

In conclusion, cardiac output is the volume of blogjected by each
ventricle per minute and this is the function ofatierate and stroke
volume. The heart rate is the number of heart h@&atsninute.

5.0 SUMMARY

In this unit, you have learnt about the cardiacpatytthe control of

cardiac output, the regulation of heart rate ardrdgulation of stroke
volume.
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6.0 TUTOR- MARKED ASSIGNMENT
Activity — As given by the Facilitator
Answer the following questions:

Explain what Cardiac Output is
Discuss the Control of cardiac output

Explain how heart rate is regulated
Explain the determinants and regulation of theke volume.

PONPE
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UNIT 5 ARTERIAL BLOOD PRESSURE
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Arterial Blood Pressure
3.2 Determinants of Arterial Pressure
3.3 Measurement of Arterial Blood Pressure
3.4 Regulation of Arterial Blood Pressure

4.0 Conclusion

5.0 Summary

6.0  Tutor- Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

The nurse measures the arterial blood pressureeoflients as a basic
assessment of the wellbeing of the person. Inuhis your knowledge
of this procedure will be better enhanced.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

explain the concept of arterial blood pressure

explain the determinants of arterial pressure

describe how to measure arterial blood pressuneraisty
write the regulatory process of arterial blood pugs.

3.0 MAIN CONTENT
3.1 Arterial Blood Pressure

The force which the blood exerts on the walls & blood vessels is
called blood pressure. This is the force exertegérwthe 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. Pldse pressure is the
difference between these two values i.e. systalessure — diastolic
pressure. Mean arterial pressure is the averagssyme during the
cardiac cycle. Mean arterial pressure is giverheyformula:
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Mean pressure = diastolic pressure + 1/3 of pulsssoire

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 et

Blood pressure can be varied by changing the cardigput or by

changing both PR and CO. Therefore, all factorscifig cardiac output
and peripheral resistance will influence arterieégsure. The normal
values of blood pressure for a given populationnshdairly wide range

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

diastolic pressure ranges from 60-90 mm Hg. Withhaasing 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 maintenainoormal blood
pressure, which are called local factors, mechénie&tors or
determinant of blood pressure. These factors afideati into two types
called central factors and peripheral factors.

Central factors are related to the heart. Theswrmare (l) cardiac
output and (ii) heart rate.

Peripheral factors are the factors pertaining toothl vessels. The
following are the peripheral factors determiningesaal 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 laysilmod pressure is
increased and, when cardiac output is less, thelgyblood pressure is
reduced. Cardiac output depends upon blood volurerpus return,
heart rate and force of contraction. Cardiac outpat directly
proportional to blood volume. When blood volumereases, ventricular
filling is more, cardiac output is more and pressuses. When the
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blood volume is reduced, the cardiac output is bs$ blood pressure
falls.

Heart Rate

Moderate changes in heart rate do not affect attdériood pressure
much. However, marked alteration in the heart edtects the blood
pressure by altering diastolic period and strodeme.

Peripheral Resistance

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

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

Blood Volume

Blood pressure is directly proportional to bloodwoe. Blood volume
maintains the blood pressure through the venousrredand cardiac
output. If the blood volume is more, there is ims® in venous return
and cardiac output resulting in elevation of blopdkssure. Blood
pressure is increased in polycythemia vera becatisgcreased blood
volume. The decrease in blood volume causes fablaod pressure
because of reduced cardiac output. This occurs oimditions like

diarrhea, vomiting and other conditions of dehyidraand hemorrhage.

Venous Return

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

Elasticity of Blood Vessels

Blood pressure is inversely proportional to thesttity of blood
vessels. Due to the elastic property, the bloodelssare distensible and
are able to maintain the pressure. When the elpsbigerty is lost, the
blood vessels become rigid and atherosclerosisesaelsevated pressure.
It occurs in old age. The deposition of cholestefatty acids and
calcium ions, produce rigidity of blood vessels aaitherosclerosis
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 irexdeas
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Diameter of Blood Vessels

The arterial blood pressure is inversely propodldio the diameter of
the blood vessels. If the diameter of arteriesamerioles decreases, the
peripheral resistance is more and thereby, thedgboessure is elevated.

Viscosity of Blood

Arterial blood pressure is directly proportionalth@ viscosity of blood.
When viscosity of blood is increased, the resisaiscincreased and
thereby the blood pressure increases. In polycyihemd high content
of plasma proteins, the viscosity of blood is irsed 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 pressaseaccomplished
by Stephen Hales (1677-1761), an English clergyamehphysiologist.
Hales inserted a cannula into the artery of a harsgt measured the
heights to which blood would rise in the vertiaabé. The height of this
blood column bounced between the systolic presaures highest and
the diastolic pressure at its lowest, as the heant through its cycle of
systole and diastole. This method is invasive iat tht involves
penetrating the body tissues to reach the arteithoAgh the invasive
technique is used frequently in experimental amsmdl is not often
suitable for use in man. Clinically, arterial blopdessure is measured
indirectly by using a sphygmomanometer. The sphygammeter
comprises an inflatable rubber cuff covered byyaidaf non-distensible
fabric and this is attached to a mercury manomdtee. rubber cuff is
usually wrapped around the upper arm (about thellithird of the
upper arm). There is a rubber hand-pump attachétetoubber cuff and
pressure in the cuff can be altered by pumpingirgw the cuff to
increase its pressure or releasing the air throagheedle value to
decrease the pressure (Figure 8-1).

Fig. 5.1: ‘Measurement of Blood Pressure: se of the
Sphygmomanometer
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There are two methods of measuring arterial blomsgure using the
sphygmomanometer. These are:

l. By palpation
. By auscultation

The two methods are often combined during sphymaomatry (this is

the process of measuring blood pressure using ygspdmanometer).
In the palpation method, the radial pulse is pa&gpaind 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 manomettiteapoint when the
radial pulse can no longer be felt is the systpliessure. The cuff
pressure is increased further by about 50 mm Hgaelbe point of

disappearance of the radial pulse. Then the seawoethod, the

auscultatory method, is carried out. At the peainfbétion 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 albu medial to the

tendon of the biceps muscle at the cubital fosEhg pressure in the
cuff is reduced gradually while the observer idelsng with the

stethoscope for any sound from the point of auatiali. When the cuff
pressure has fallen to just below the systolic qaress a clear, but often
faint, tapping sound is suddenly heard. The cuffspure at which the
tapping sound is suddenly heard is the systolicsque. As the cuff
pressure is reduced further, the tapping soundrbesdouder until it

gets to a point when the sound becomes muffled rapaily grows

fainter. Finally, the sound disappears. The diastpressure is the
pressure at which muffling occurs.

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

3.4 Regulation of Arterial Blood Pressure
The maintenance of arterial blood pressure withiramge 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 teargdmbalances of
pressure such as those caused by postural changecise or
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haemorrhage; short-term adjustment is usually s&esef autonomic
reflex responses mediated via the cardiovasculatres in the medulla
l.e. baroreceptors reflex.

Long—term arterial blood pressure regulation isallguconcerned with
the balance between extracellular fluid and blootuwme on the one
hand and the renal mechanisms controlling uringpuduon the other
hand. Renal urine output involves pituitary —adrenzortical

mechanisms which control water and sodium excrébprihe kidney.
Disturbances of this renal process may result edgal 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¢icsnmechanisms for
maintaining blood pressure. It provides a negafteedback loop in
which an elevated blood pressure reflexively caukeart rate to
decrease and also causing blood pressure to degrdiaswise,
decreased blood pressure activates the baroreseptarsing heart rate
to increase, and also causing an increase in lgoessure.

The baroreceptors are stretch receptors locatdteinarotid sinuses (the
slightly widened areas of the internal carotid et at their points of
origin from the common carotid arteries) and in #uogtic arch (Figure
1-41). Impulses arising in the carotid sinus trawelthrough afferent
fibres in the sinus nerve, which is a branch of ¢ji@ssopharyngeal
nerve (IX" cranial nerve) and synapse at the vasomotor c€viMcC).
Impulses arising from the aortic arch reach the V& afferent fibres
in the vagus nerve #Xcranial nerve).

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

This leads to vasodilatation and a reduction inoBlgressure. In
addition to the effects on the VMC, afferent immgsfrom the
baroreceptors stimulate the cardioinhibitory centteading to a
reduction in heart rate and force of contractiorthaf myocardium. The
latter effects lead to a reduction in cardiac otitpnd the combined
effects of reduced peripheral resistance and cardigput result in
decrease of blood pressure.

When there is a fall in blood pressure, the revefdhe above responses
occur. There is reduced stretching of the barotecgpless inhibitory
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afferent impulses are sent to the VMC and cardenatre. As a result of
this, there is increased sympathetic dischargeht hlood vessels
resulting in vasoconstriction and increased perglheesistance. There
is also reduced stimulation of the cardioinhibitagntre so that heart
rate and force of cardiac contraction are incredsading to increased
cardiac output. The combination of increased perghresistance 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 adjustofi¢he responses
to a rise or fall in blood pressure helps in mamieg a constant blood
pressure.

_—— Glossopharyngeal nerve

— Hering's nerve

\ / Carotid body

\ Carotid sinus

Vagus nerve

Aortic baroreceptors

Fig. 5.2: The Baroreceptor System for Controlling Aterial Pressure
Renin — Angiotensin — Aldosterone System

The kidneys play an important role in the long teegulation of arterial
blood pressure. Kidneys regulate arterial bloodgues in two ways:

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

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

However, when the pressure is increased, the kslmexgrete more
water and salt, particularly sodium. This reducesaeellular fluid
volume and, in turn the arterial blood pressumedsiced.

Even slight increases in blood pressure can doiglavater excretion
which is known as pressure diuresis. Elevated bjwedsure 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 inceglaand 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 conwrtgotensinogen the
inactive forms of angiotensin, which is produced the liver, to

angiotensin |. Angiotensin | is converted to angnsin Il by

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

0] It causes constriction of arterioles in the body that the
peripheral resistance is increased, and blood pressses.
Simultaneously, constriction of afferent arterioles kidney
causes retention of water and salts so that, tHeame of
extracellular fluid is increased. This in turn mess the normal
blood pressure.

(i)  Angiotensin Il also stimulates adrenal cortew secrete
aldosterone. This increases  reabsorption atisodfom renal
tubules. Sodium reabsorption is followed by watslsorption
and thereby extracellular fluid volume is increasedl blood
pressure becomes normal.
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Fig. 5.3: Renal Regulation of Blood Pressure by Rém -
Angiotensin mechanism

SELF- ASSESSMENT EXERCISE

With a diagram illustrate the renal regulation tddal pressure by renin
angiotensin mechanism

4.0 CONCLUSION

Conclusively the force which the blood exerts oa walls of the blood
vessels is called blood pressure. You must havedntitat the force
exerted when the blood flows through the arterd¥su could have
observed that arterial pressure changes continpdbsbughout each
cardiac cycle. And that the pressure is determibgdcardiac and
peripheral factors and it is also regulated witlrsterm adjustments
and long-term adjustments and controlled by baeptxs reflex and
the renal angio-tensin mechanisms.

114



NSC 203 MODULE 3

5.0 SUMMARY

In this unit, you have learnt about the arteriabdol pressure,
determinants of arterial pressure, measurementefia blood pressure
and the regulation of arterial blood pressure.

6.0 TUTOR- MARKED ASSIGNMENT

Activity — Laboratory and practical assignments as given by th
Facilitator

Answer the following questions:

What is Arterial blood pressure?

Explain the various factors that determine tterel pressure.
Describe the process of measuring arterial bjwedsure.
Explain how arterial blood pressure is regulated

ProNPE
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UNIT 6 CIRCULATORY SHOCK
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1.0 INTRODUCTION

Shock is a state of compromise to life. Circulatehpck threatens life
and if it is not managed as an emergency, it coegdlt to loss of life. In
this unit, you will learn more about circulatoryosk as for you to
understand the physiological bases on intervention.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o define circulatory shock
o 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 tisseigupion associated
with or due to relative or absolute inadequacy afd@c output. The
essential signs of shock are rapid heartbeat (tacHia/tachypnoea,
both compensatory mechanisms), low blood pressiyigofension), 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-cgbahmechanisms
in an attempt to reverse the condition. As a reslithe acidosis, the
person will begin to hyperventilate in order to tite body of carbon
dioxide (CQ). CQO indirectly acts to acidify the blood and by renmyi
it the body is attempting to raise the pH of thedol. The baroreceptors
in the arteries detect the resulting hypotension, @ause the release of
adrenaline and noradrenaline. Noradrenaline caymeslominately
vasoconstriction with a mild increase in heart ratbereas adrenaline
predominately causes an increase in heart rateanstnall effect on the
vascular tone; the combined effect results in atreimse in blood
pressure.

Renin-Angiotensin system is activated and antietiarhormone (ADH)
Is released to conserve fluid via the kidneys. €hssrmones 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 urioeymtion. However,
the effects of the renin-angiotensin system takeetand are of little
importance to the immediate homeostatic mediatihock.

Progressive (Decompensating)

Should the cause of the crisis not be successiagted, the shock will
proceed to the progressive stage and the compepnsatechanisms
begin to fail. Due to the decreased perfusion ef ¢blls, sodium ions
build up within while potassium ions leak out. Agaarobic metabolism
continues, increasing the body's metabolic acidotie arteriolar
smooth muscle and precapillary sphincters relak siat blood remains
in the capillaries. Due to this, the hydrostatiegaure will increase and,
combined with histamine release, this will leadaakage of fluid and
protein into the surrounding tissues. As this fligdlost, the blood
concentration and viscosity increase, causing shgd@f the micro-
circulation. The prolonged vasoconstriction wils@lcause the vital
organs to be compromised due to reduced perfudfothe bowel
becomes sufficiently ischemic, bacteria may enker blood stream,
resulting in the increased complication of endatshock.

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
occur imminently. One of the primary reasons tlnack is irreversible
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at this point is that much cellular ATP has beegrdded into adenosine
in the absence of oxygen as an electron recepttiieérmitochondrial

matrix. Adenosine easily perfuses out of cellulaenmbranes into

extracellular fluid, furthering capillary vasodilat, and then is

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

oxygen is futile at this point because there is amenosine to

phosphorylate into ATP.

Inadequate perfusion
l
Cell hypouxia
|
Energy deficit
!
Lactic acid accumulation and = Apasrobic matabalism
fall in pH
|
Vasoconstriction + Metabolic acidosis
l }
Fallure of pre-capillary Cell membrane dysfunction and
sphincters failure of ‘sodium pump’
l | Efflux of potassium
Perlpheral pooling of  Intracellular lysosomes release
blood digestive enzymes "
| Influx of sodium and water

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

Fig. 6.1: Effects of inadequate perfusion on celiinction
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 resistan@hock e.g.
fainting, anaphylaxis and sepsis

Iii. Cardiogenic shock e.g. myocardial infarctiocgngestive heart
failure.

V. Obstructive shock (obstruction to blood flow)ge tension
pneumothorax, pulmonary embolism, cardiac tampanade
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Hypovolemic Shock

In this form of shock, there is an absolute reidncof the intravascular
blood volume. Therefore, the amount of blood avwéddor the heart to

pump to the tissues is greatly reduced. Venousmesireduced and
therefore by Starlings law, the cardiac outpuieduced. The symptoms
of this shock is similar irrespective of the pautar cause whether due
to diarrhoea and vomiting, burns or haemorrhage $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 igdlue to
vasoconstriction of vessels to the skin in an gptetm 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 dt@lamus by
hormones produced in response to depressed bldatheoThe
principal hormones involved are the antidiuretiarhone and
angiotensin Il.

V. Rapid respiration or air hunger. The diminishiesgue perfusion
leads to hypoxia which is detected by the chem@tecs which
in turn send signals to the respiratory cententodase the rate of
respiration in order to take in more oxygen. Thi€réased
respiration also helps to increase venous retuih therefore
cardiac output via the thoracic pump

V. A rapid thread (low volume) pulse. The pulseeréd greatly
increased in order to compensate for the diminisbadke
volume occasioned by the reduction of blood volurBece
cardiac output, CO = HR x SV, in order to incre@€e, the heart
rate must increase greatly, the threadiness gbulse i.e. the low
volume is due to the diminished stroke volume.

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

Distributive Shock

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

to the vital organdheart, kidneys and brain. In these situations, the
cardiac output is normal. There is thus a relainaglequacy of cardiac
output. These forms of widespread vasodilation ueally caused by
toxins in sepsis, chemicals produced in anaphylashock. In
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neurogenic shock a sudden widespread vasodilatoars with pooling

of blood in the veins. This effectively reduces trenous return and
cardiac output and results in fainting. This usuaticurs 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 tiiood from one
tissue to another and causing extensive damage.

Some of the typical causes of septic shock inctbhddollowing:

l. Peritonitis caused by spread of infection frohe tuterus and
fallopian tubes, sometimes resulting from instrutakabortion
performed under unsterile conditions.

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

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

V. Generalised gangrenous infection resulting gjpatly from gas
gangrene bacilli, spreading first through peripheissues and
finally by way of the blood to the internal orgaespecially the
liver.

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

Some Features Often Observed are:

l. High fever.

. Often marked vasodilation throughout the boéspecially in the
infected tissues.

iii. High cardiac output in perhaps half of patgntcaused 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.

V. Sludging of the blood, caused by red cell aggation in
response to degenerating tissues.

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 atftbythmia.
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Obstructive Shock

In this type of shock, the flow of blood is obsteat 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 (decreasedwsmeturn).

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

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

SELF-ASSESSMENT EXERCISE
lllustrate the effects of inadequate perfusion elhfanction
4.0 CONCLUSION

Circulatory shock is a state of inadequate tisseidupion associated
with or due to relative or absolute inadequacy afd@c output that
present in four stages. You should have sightedtltfsaessential signs
of shock are rapid heartbeat (tachycardia/tachygnodoth

compensatory mechanisms), low blood pressure (bysain), and
signs of poor end-organ perfusion or "decompensat{such as low
urine output, confusion or loss of consciousneldypovolemic shock
e.g. hemorrhage, trauma, surgery, burns, fluid-lafiarrhoea, and
vomiting, Shock can be hypovolumic, distributiveosk/vasogenic,

cardiogenic orbobstructive shock manifesting withried signs and
symptoms. Also you might have noted that the nisse a very high

position to detect, respond appropriately and daddife of a client in a
state of shock by applying the knowledge of thenplaigy associated
with shock.

5.0 SUMMARY
In this unit, you have learnt about circulatory ahostages of shock,
types of shock and the signs and symptoms thatdhge must be able

to pick and respond to promptly to safe the clieoin loosing his/her
life.
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6.0 TUTOR- MARKED ASSIGNMENT
Activity
Answer the following questions:

l. What is Circulatory Shock?

. Describe the four stages of shock.

iii. Explain the different types of shock.

V. Describe the compensatory mechanisms thatactise blood
volume during cardiovascular shock.

V. Explain the physiological underpinnings of thé&gns and
symptoms of shock.
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