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one includes access to a Wiley E-Text powered by VitalSource — an interactive digital version of
the book including downloadable text and images and highlighting and note-taking facilities.
Accessible on your laptop, mobile phone or tablet device, the Fundamentals series is the most
flexible, supportive textbook series available for nursing and healthcare students today.
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Preface

This second edition of the hugely popular Fundamentals of Applied Pathophysiology provides you
with an up to date overview of pathophysiology and related care. This edition supplements a
nursing focus by broadening the professional base to include all healthcare students; hence the
title change to Fundamentals of Applied Pathophysiology: An Essential Guide for Nursing and
Healthcare Students.

An integrated, multidisciplinary approach to the provision of health and social care is high up
on the agendas of those who provide health and social care. This edition goes some way to ensur-
ing that healthcare students work as a part of an interdisciplinary team. This text will help you
develop critical thinking, innovation and creativity in relation to the health and well-being of the
people you have the privilege to care for.

There are a number of new features that have been added in order to enhance learning and
to encourage application of the theoretical principles to care provision — wherever this may be.
Each chapter now incorporates two case studies related to the chapter content; there are ques-
tions at the end of each case study that provoke reflection and further thought. Word searches,
fill in the blanks and label the diagram activities are provided at the end of each chapter, with
answers given on the accompanying website; and on the website are 10 multiple choice questions
for each chapter Each chapter offers a list of further resources that the reader may wish to use
to enhance and develop learning. A glossary of terms is included at the end of each chapter.
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Introduction

lan Peate* and Muralitharan Nair?

Visiting Professor of Nursing, School of Nursing, Midwifery and Healthcare, Faculty of Health
and Human Sciences, University of West London, Brentford, Middlesex; Independent
Consultant and Editor in Chief British Journal of Nursing.

“Senior Lecturer, Department of Adult Nursing and Primary Care, School of Health and Social
Work, University of Hertfordshire, Hatfield, Hertfordshire, UK.

Pathophysiology

Pathophysiology is concerned with the disturbance of normal mechanical, physical and biochemi-
cal functions. The disturbance is either caused by disease, an abnormal syndrome or a condition.
Porth (2009) looks at the word ‘pathophysiology’ — it is a combined word, from the Greek pathos,
meaning disease, and physiology, meaning related to the various normal functions of the human
body. Pathophysiology addresses both the cellular and the organ changes that occur with disease,
as well as the effects these changes have on body function. When something impacts upon the
normal physiological functioning of the body (i.e. disease), this then becomes a pathophysiological
issue. It must, however, be remembered that normal health is not and cannot be exactly the same
in any two individuals; therefore, the term ‘normal’ must be treated with caution.

This text has been written with the intention of making the sometimes complex subject of
pathophysiology accessible and exciting. The human body has an extraordinary ability to respond
to disease in a number of physiological and psychological ways; it is able to compensate for
the changes that occur as a result of the disease process. This text considers those changes (the
pathophysiological processes) and the effect they can have on a person.

Healthcare provision

The provision of healthcare is in a constant state of flux, not least because it should aim to respond
to the global shift in the burden of disease; a larger number of people affected by long-term
conditions is now seen. An integrated approach to health and social care is essential if the needs
of people accessing services are to be met safely and effectively.

People who are affected by long-term conditions (patients and families) can often experience
physical and mental health problems at the same time either as a consequence of their illness
or independent of it, and they are entitled to receive care from healthcare professionals who are
knowledgeable, kind, caring and compassionate.

There are a number of factors that impinge on the provision of healthcare, the maintenance
of health and the prevention of disease, e.g.:
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health inequalities
technological advances
public expectation

the role and function of the healthcare professional
the role and function of other healthcare providers
personal, social and cultural factors.

To be able to care for people, safely and effectively, the healthcare professional must have the
appropriate knowledge and skills to meet needs:

in a complex and diverse society where social inequality exists
inside and outside hospital and across health and social care

across public, private and voluntary health provider organisations

of an increasing older population

of those with long-term conditions

across the patient care pathway

in supporting lifestyle changes

using disease prevention and health promotional interventions

by treating patients as partners in healthcare and maximising choice
through the use of technological advances

in new and emerging roles that cross professional boundaries

as leaders and members of multidisciplinary and interdisciplinary teams
as lifelong learners in an ever-evolving healthcare environment.

In order for the healthcare student to aspire to and provide care that takes the above points
into account, there must be a sound understanding of pathophysiological principles.

Fundamentals of Applied Pathophysiology

This is a foundation text that will enable the reader to grow personally and professionally in rela-
tion to the provision of healthcare. This textbook is primarily intended for healthcare students
who will come into contact with patients who may have a variety of physically-related healthcare
problems, such as pneumonia, diabetes mellitus and Alzheimer’s disease, in both the hospital and
community settings. The focus of the text is on the adult person. lliness and disease are discussed
explicitly, emphasising the fact that individuals do become ill and experience disease.

It is the intention of this text to develop knowledge and skills both in theory and practice, and
to apply this knowledge in order to provide safe and effective high-quality care. The overriding
aim is to relate normal body function to pathological changes that may lead to disease processes,
preventing the individual from leading a ‘normal’ life.

The level at which the text has been written will provide readers with a straightforward under-
standing of applied pathophysiology, providing healthcare students with an essential/fundamental
understanding of applied pathophysiology in order to deliver high-quality care in any setting.

Fundamentals of Applied Pathophysiology is not only intended as a valuable textbook for stu-
dents during their lectures, but also as a reference resource to be used in the practice setting
(wherever this may be). It is not our intention that this text be read from cover to cover — the
reader is encouraged to delve in and out of it; we aim to entice and encourage the reader to read
further and in so doing instil a sense of curiosity. The book is written with healthcare students in
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mind and provides an approach to pathophysiological issues in a more user-friendly manner.
lllustrations are used in abundance to assist the reader in understanding and appreciating the
complex disease patterns that are being discussed.

Using a fundamental approach will provide readers with an essential understanding of applied
pathophysiology. A result of working in a variety of healthcare settings is that students may find
themselves assisting and working with other healthcare professionals in the care and manage-
ment of the patient, e.g. assisting in radiology departments in the safe preparation of patients for
special investigations, such as a barium meal, or re-enforcing the dietary advice given to patients
by a dietician. An understanding of ‘normal’ and ‘abnormal’ pathophysiology can help the student
and the patient.

A note about the terms used

There are a plethora of terms used to describe people who are the recipients of healthcare and
choosing the correct term, one that will be appreciated by all readers, is challenging.

The term ‘patient’ can refer to all groups and individuals who have direct or indirect contact
with all health and social care workers. Patient is the expression that is commonly used within
the National Health Service (NHS) and it is a term that has been used throughout this text. It is
recognised and respected that not everyone supports the use of the passive concept that can be
associated with this term, but it is used here in the knowledge that it is widely understood; it may
apply to those who are recipients of health and social care in hospitals, in the person’s own home,
in the primary care setting and in the independent and voluntary sector. We could have used
other expressions, e.g. service user, client or consumer; however, for the sake of brevity the phrase
patient has been used.

The chapters

The format of this text allows the reader to use it either as a quick reference guide to pathophysi-
ology or in a more in-depth manner; this is an easy-to-use textbook providing the fundamental
concepts associated with pathophysiological processes. The processes of specific diseases are
introduced; treatments and care are provided in a clear and concise manner.

The text uses a sound evidence base throughout, drawing on contemporary literature to support
discussion. The use of standards/frameworks produced by voluntary and statutory organisations
is also included, e.g. patient safety and risk assessment. Government policy, in the guise of the
National Service Frameworks, is referred to and readers are encouraged to probe deeper to inform
their practice with the overriding aim of the provision of safe and effective care. However, the
reader should always make reference to local guidance when necessary.

Each chapter begins with a list of key words, introducing the reader at an early stage to terms
that will be discussed within the chapter. To assess current knowledge, the reader is invited to
test this at the start of each chapter and again at the end. The intended learning outcomes outline
what the chapters will cover. Illustrations have been included in order to ease and facilitate learn-
ing. There are two case studies in each chapter that bring to life the pathophysiology being dis-
cussed and at the end of each case study, a number of questions that encourage you to dig deeper
and to give more thought to the issues being discussed.

At the end of each chapter, there are also another set of questions provided for you to test
your knowledge; this can help you determine how far you have progressed after reading and
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assimilating the contents of the chapter. Other features that aim to enhance learning and aid F&4
retention of facts are various exercises for you to complete, a word search, fill in the blanks and

a diagram that you are asked to label — the intention is to test yourself and to broaden your learn-

ing. In each chapter there are further resources related to the topics covered in the chapter to
further enhance learning. A glossary of terms is available at the end of each chapter, providing

you with the opportunity to develop your vocabulary further in relation to the terminology

being used.

This interactive approach is provided in an attempt to prompt thinking and to encourage you
to investigate and explore a field further in relation to the pathophysiological issues discussed or
even those that have not been discussed.

Our overriding objective is to encourage and motivate you, as well as to instil confidence and
competence to become a proficient provider of care. Providing care with a sound knowledge
base and the desire to care with compassion and understanding is a hallmark of a healthcare
professional. We believe that understanding and applying this understanding is the key to the
provision of high-quality, safe and effective care, as well developing critical thinking, innovation
and creativity.

The contributors have enjoyed the challenges of writing this second edition, and we hope that
you find the chapters stimulating and thought provoking; above all, we hope that those you care
for benefit as a result of your learning.

Reference
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Key words

Plasma membrane
® Organelles
® Connective tissue
® Passive transport
® Nucleus
e Cell cycle
® Muscle tissue
® Active transport
® Cytoplasm
® Epithelial tissue
® Nervous tissue

® Bulk transport

Test your prior knowledge

® What are the three main parts of a human cell?
® Describe the structure and function of a human cell.

® Describe the phases of a cell cycle.

Learning outcomes

On completion of this chapter the reader will be able to:
® Outline the structure and function of a human cell.
® List and describe the functions of the organelles.

® Explain the phases of a cell cycle.

® Explain the cellular transport system.

® Describe the structure and function of epithelial tissue, connective tissue, muscle tissue
and nervous tissue.

® Explain the process of tissue repair (inflammation).
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Don’t forget to visit to the companion website for this book (www.wiley.com/go/
fundamentalsofappliedpathophysiology) where you can find self-assessment tests
to check your progress, as well as lots of activities to practise your learning.

Introduction

To understand the human body and how it works (and also how it fails to work properly), it is
important to understand the anatomy and physiology of the cell. Living organisms show a wide
diversity as regards their size, shape, colour, behaviour and habitat. In spite of this, however, there
are many similarities between organisms, and this fundamental similarity is known as the ‘cell
theory’. This cell theory states that all living organisms are composed of one or more cells and the
products of cells. Despite the fact that the cells belong to different organisms, and cells within
the same organism may have different functions, there are many similarities between them.
For example, there are similarities in their chemical composition, their chemical and biochemical
behaviour and in their detailed structure.

All cells have many characteristics, but these characteristics can differ from cell to cell, such as:

® C(Cells are able to carry out certain specific functions, i.e. they are active.

® C(Cells need to consume food to live and to carry out their functions. Although they do not
have mouths, they are still able to ‘catch’ and digest their food and use it for growth and
reproduction. The correct term for this is endocytosis — they surround and engulf organisms
such as bacteria and digest them.

® Cells can grow and repair.

® Similarly, cells can reproduce themselves. They do this by a process known as simple fission.
This means that they reproduce themselves by dividing into two, and then each new cell
grows to full size before it divides by simple fission and so on. In other words, cells replicate
themselves.

® Like humans, cells can become irritable if something upsets or stimulates them.

® The nutrition that cells taken in is also used for the storage and release of energy (just like
humans), thus enabling them to grow and repair themselves.

® Similarly, just as humans do not utilise all the food they eat — some of it cannot be used and
so is excreted, cells excrete what they do not need or cannot use.

® Justas all humans will eventually die, so will cells. Some have a short life, whilst others survive
many years — but eventually they will die.

So, cells are not all that different from humans in many respects. They do what humans do —
albeit in different ways.

Anatomy of the cell

Each cell has a structure that is almost as complex as the human body (Figure 1.1). For example,
each cell contains as many molecules as the body has cells. There is no such thing as a typical
cell. However, each cell is surrounded by a membrane and contains protoplasm. This protoplasm
consists of a nucleus, which is kept separate from the rest of the cell by a nuclear membrane
(although the nuclear membrane disappears during the process of cell division), and an opaque
substance called cytoplasm (Watson, 2005). The cells themselves consist of water, proteins, lipids,
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Figure 1.1 Simplified structure of a cell.

carbohydrates and various ions such as potassium (K*) and magnesium (Mg**). Within the cyto-
plasm there are also many complex protein structures called organelles.

Cells vary in size from 2 to 20 um. For example, a lymphocyte (a type of blood cell) is about
8-10 um in diameter.

All the cells in the body, apart from those on the surface of the body, are surrounded by a fluid
that is known as extracellular fluid (i.e. fluid outside of the cell).

The cell membrane

The cell membrane can vary from 7.5 to 10 nm in thickness. It acts just like a ‘skin’ that protects
the cell from the outside environment. In addition, it regulates the movement of water, nutrients
and waste products into and out of the cell.

The cell membrane is made up of a double layer (bilayer) of phospholipid (fatty) molecules with
protein molecules interspersed between them (Figure 1.2). A phospholipid molecule consists of
a polar ‘head’ which is hydrophilic (water loving) and ‘tails” which are hydrophobic (water hating).
The hydrophilic ‘heads’ are attracted to water and are found on the inner and outer surfaces
of the cell (water is the main component of both extracellular and intracellular environments),
whilst the hydrophobic ‘tails” are found in the middle of the cell membrane where they can avoid
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Figure 1.2 The cell membrane.

water. These phospholipid molecules are arranged as a bilayer with the heads facing outwards.
This means that the bilayer is self-sealing. It is the central part of the plasma membrane, consist-
ing of the hydrophobic ‘tails’, that makes the cell membrane impermeable to water-soluble mol-
ecules, and so prevents the passage of these molecules into and out of the cell (Marieb, 2010).
However, if the membrane just consisted of these phospholipid molecules, then cells would not
be able to function — within the cell membrane there are also plasma membrane proteins (PMPs),
which can be either integral or peripheral.

Some of the integral PMPs are embedded amongst the tails of the phospholipid molecules,
whilst others penetrate the membrane completely (Figure 1.2). Subunits of some of these integral
proteins can form channels which allow for the transportation of materials into and out of the
cell. Other subunits are able to bind to carbohydrates to form receptor sites. These receptor
sites are important, as will be discussed in Chapter 3 — inflammation, immune response and
healing.

Peripheral PMPs bind loosely to the surface of the cell membrane and so can easily be sepa-
rated from it. Some of them function as enzymes to catalyse cellular reactions, whilst others are
receptors for hormones and other chemicals, or function as binding sites for attachment to other
structures (Marieb, 2010).

Functions

® Endocytosis and exocytosis — the transport of fluids and other matter into and out of the cell.
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® Endocytosis is the intake of extracellular fluid and particulate material (small particles) ranging
in size from macromolecules to whole cells (e.g. the bacteria engulfed and destroyed by E
macrophage cells).

® Exocytosis is the bulk transport of material out of the cells.

There are three types of endocytosis:

® Phagocytosis — involves the ingestion of large particles, even whole microbial cells.

® Pinocytosis — involves the ingestion of small particles and fluids.

® Receptor-mediated endocytosis — involves large particles, notably proteins, but also has the
important feature of being highly selective.

Endocytosis involves part of the cell membrane being drawn into the cell along with the parti-
cles or fluid to be ingested (Figure 1.3). This membrane is then pinched off to form a membrane-
bound vesicle within the cell, while at the same time the cell membrane as a whole reseals itself.
Inside the cell, the fate of this vesicle depends upon the type of endocytosis involved as well
as the material it contains. In some cases, the endocytic vesicle ultimately fuses with an organelle
called a lysosome, after which processing of the ingested material can occur. Endocytosis is also
the means by which many simple organisms obtain their nutrients.

Transport across the cell membrane

One of the key properties of the cell membrane with regards to transport is its selective perme-
ability. This refers to its ability to let certain materials pass through, whilst preventing others from
doing so. This selective permeability is based on the hydrophobicity (water hatred) of its com-
ponent molecules. Because the phospholipid tails in the centre of the bilayer are composed
entirely of hydrophobic fatty acid chains (lipids are fats), it is very difficult for water-soluble
(hydrophilic) molecules to penetrate to the membrane interior. The result is a very effective
permeability barrier.

However, this barrier can be penetrated, but only by way of specific transport systems. These
control what goes into and out of the cell, or what crosses from one subcellular compartment to
another. Cell membranes control metabolism by restricting the flow of glucose and other water-
soluble metabolites in and out of cells and between subcellular compartments. This is known as
compartmentation. The cells store energy in the form of transmembrane ion gradients by allowing
high concentrations of particular ions to accumulate on one side of the membrane.

lons pass from inside to outside of the cell (or the other way round) so that there are more
supplies of these ions just outside the cell or inside it and the membrane controls the speed/rate
at which these ions pass through the membrane. The controlled release of such ion gradients can
be used to:

® extract nutrients from surrounding fluids
® pass electrical messages (known as nerve excitability)
® control cell volume and stop cells bursting from excess fluid.

To return to the cell membrane itself, there are four factors that decide the degree of permeabil-
ity of a membrane:

® Size of molecules — large molecules cannot pass through the integral membrane proteins, but
small ones such as water and amino acids can.
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Figure 1.3 Endocytosis.

® Solubility in lipids (fats) — substances that easily dissolve in lipids can pass through the mem-
brane more easily than non—lipid-soluble substances. Lipid-soluble substances include oxygen,
carbon dioxide and steroid hormones.

® [fanion has an electrical charge opposite to that of the membrane, then it is attracted to the
membrane and can more easily pass through it.
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® Carrier integral proteins can carry substances across the membrane, regardless of their size,
ability to dissolve in lipids or membrane electrical charge. E

There are two ways in which substances can move across the membrane: passive or active.
Passive processes are:

diffusion

facilitated diffusion
0smosis

filtration.

Active processes are:

® Qactive transport pumps
® endocytosis
® exocytosis.

A passive process is one in which the substances move on their own down a concentration
gradient from an area of higher to one of lower concentration. The cell does not expend any
energy on the process. Think of it as rolling down a hill from an area of high altitude to one of
lower altitude. Little energy is expended just rolling down a hill.

Diffusion is the most common form of passive transport in which a substance of higher con-
centration moves to an area where there is a lower concentration of that substance (Colbert
et al., 2011). This difference between the areas of high concentration and of low concentration
is known as a concentration gradient. This process of diffusion is essential for respiration. It is
through diffusion that oxygen is transported from the lungs to the blood and carbon dioxide makes
the opposite journey from the blood to the lungs (Colbert et al., 2011).

Facilitated diffusion is similar to diffusion, but with one exception. For this process to take place,
there needs to be a substance that helps — a facilitator. Glucose is moved using this process.
Although glucose can move part of the way through the membrane on its own, it needs something
else (a carrier/transport protein) to give it that extra push to get it completely through the mem-
brane (Colbert et al., 2011; McCance et al., 2010).

Osmosis is the process in which water travels through a selectively permeable membrane so
that concentrations of a substance that is soluble in water (known as a solute) are the same on
both sides of that membrane. This is known as osmotic pressure (Figures 1.4 and 1.5). The higher
the concentration of the solute on one side of the membrane, the higher the osmotic pressure
available for the movement of the water (Colbert et al., 2011).

Filtration is similar to osmosis, except that pressure is applied in order to ‘push’ water and
solutes across that membrane. The heart is a major supplier of the force that can lead to one type
of filtration (renal filtration) as it pushes blood into the kidneys where filtration of the blood can
take place (Colbert et al., 2011).

An active process is one in which substances move against a concentration gradient from an
area of lower to one of higher concentration. To do this, the cell must expend energy; this
is released by splitting adenosine triphosphate (ATP) into adenosine diphosphate (ADP) and
phosphate. ATP is a compound of a base, a sugar and three phosphate groups (triphosphate).
These phosphate groups are held together by high-energy bonds, which when broken release
a high level of energy. Once one of these phosphate bonds has been broken and a phosphate
group has been released, that compound now has only two phosphate groups (diphosphate).
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The released phosphate group in turn joins up with another ADP group, so forming another
molecule of ATP (with energy stored in the phosphate bonds), and the whole process continues
to recur.

The energy is required because the cell is attempting to move a substance to an area that
already has a high concentration of that substance. Think again of a hill. When walking up a hill,
a lot of energy is expended. Obviously, the higher the concentration already present, the more
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energy required to move further molecules of the particular substance into that area — the steeper
the hill, the more energy is used. For example, cells contain a lot of potassium (K*); therefore,
energy is required to transport more potassium through the membrane and into the cell.

Now, to turn to what is inside the cell membrane, starting with the cytoplasm.

Cytoplasm

Cytoplasm is a ground substance (also known as a matrix) in which various cellular components
are found. ‘Cyto’ means cell, so any word that has ‘cyto’ in it is to do with cells.

Cytoplasm, itself, is a thick, semitransparent, elastic fluid containing suspended particles
and the cytoskeleton. The cytoskeleton provides support and shape to the cell. In addition, it is
involved in the movement of structures in the cytoplasm because some cells can change shape,
e.g. phagocytic cells (see Figure 1.3).

Role of cytoplasm

® Chemically, cytoplasm is 75-90% water plus solid compounds — mainly carbohydrates, lipids
and inorganic substances, and it is the substance in which chemical reactions occur.

® The cytoplasm receives raw materials from the external environment (such as from digested
food) and converts them into usable energy by decomposition reactions.

® As well as the breakdown of raw materials to make energy, the cytoplasm is also the site
where new substances are synthesised (produced) for the use of the cell.

® |t is the place where various chemicals are packaged for transport to other parts of the cell,
or to other cells in the body.

® ltisin the cytoplasm that various chemicals facilitate the excretion of waste materials.

Nucleus

When considering the nucleus, a simple analogy is to think of it as the brain of the cell.

Prokaryotic cells do not have a nucleus, but eukaryotic cells do. Eukaryotic cells are found in
animals and plants, whilst prokaryotic cells are very typical of bacteria. In many ways, prokaryotic
cells are less complex and often smaller than eukaryotes.

However, not all human cells possess a nucleus. An example of a cell without a nucleus is the
red blood cell. Chapter 7 describes the concave shape of the mature red blood cells. This is
because the lack of a nucleus means the red blood cell ‘collapses in” on itself. Also, just to make
it more confusing, some cells can have more than one nucleus, e.g. some muscle fibre cells (see
Figure 1.12).

Some facts about the nucleus are:

® The nucleus is the largest structure in the cell.

® ltis surrounded by a nuclear membrane. This nuclear membrane has two layers and, like the
cell membrane, is selectively permeable.

® The protoplasm within the nucleus is not called cytoplasm — it is called nucleoplasm.

® The nucleus assumes a great responsibility for both mitosis and meiosis (see later).

® Inside the nucleus is found the genetic material, consisting principally of deoxyribonucleic
acid (DNA). When a cell is not reproducing, the genetic material is a threadlike mass called
chromatin.



Chapter 1 Fundamentals of Applied Pathophysiology

e Before cell division, the chromatin shortens, and coils into rod-shaped bodies called
a chromosomes.

® The basic structural unit of a chromosome is a nucleosome — composed of DNA and protein.

® DNA has two main functions:
® It provides the genetic blueprint which ensures that the next generation of cells is identi-

cal to existing ones.

® It provides the plans for the synthesis of protein by the cell.

® All this information is stored in genes.

® |Inside the nucleus are little spherical bodies called nucleoli and these are responsible for the
production of ribosomes from ribosomal ribonucleic acid (rRNA).

® In humans, there are 23 pairs of chromosomes in each cell with a nucleus, with the exception
of the spermatozoa and ova (sperm and eggs).

® Sperm and ova only have 23 single chromosomes (i.e. one of each).

® The chromosomes are the same for males and females except for one pair — the X and Y
chromosomes. It is these chromosomes that determine whether a baby is going to be male
or female.

Mitosis and meiosis

These are the processes by which the cell reproduces itself. Most human cells reproduce asexually
by mitosis, but the spermatozoa and ova reproduce by meiosis. Whereas the cells reproducing by
mitosis finish up as exact copies of the parent cells with a pair of each of the 23 chromosomes,
the cells reproducing by meiosis just finish up with one each of the 23 chromosomes.

Mitosis

In order for the body to grow, and also for the replacement of body cells that die, cells must be
able to reproduce themselves, and in order for genetic information not to be lost, they must be
able to reproduce themselves accurately. They do this by cloning themselves. In some organisms,
this can occur by simple fission, where the nucleus in a single cell becomes elongated and then
divides to form two nuclei in the same cell, each new nucleus carrying identical genetic informa-
tion. The cytoplasm then divides in the middle between the two nuclei, and so two identical
daughter cells result, each with its own nucleus and other essential organelles.

In humans, cell reproduction is a complex process called mitosis, in which the number of chro-
mosomes in the daughter cells has to be the same as in the original parent cell.

Mitosis can be divided into four stages:

1. prophase
2. metaphase
3. anaphase
4. telophase.

® Before and after it has divided, the cell enters a stage known as interphase — this was thought
to be a resting period for the cell, but the cell is actually very busy during this period because
it has to get ready for replication.

® Extra organelles are manufactured by the replication of existing organelles.

® Also, the cell builds up a store of energy which is required for the process of division.
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Prophase

The first stage after interphase is prophase:

® During prophase (Figure 1.6), the chromosomes become shorter, fatter and more easily
visible, and each chromosome now consists of two chromatids, each containing the same
genetic information (i.e. the DNA has replicated itself during interphase).

® The nucleolus and nuclear membrane disappear, leaving the chromosomes in the
cytoplasm.

Metaphase

® During metaphase (Figure 1.7), the 46 chromosomes (two of each of the 23 chromosomes),
each consisting of two chromatids, become attached to the spindle fibres.

Anaphase

® During anaphase (Figure 1.8), the chromatids in each chromosome are separated.
® One chromatid from each chromosome then moves towards each pole of the spindle.

Kinetochore

Centromere

Mitotic spindle
(microtubules)

Chromosome
(two chromatids ) - /
joined at centromere) : 4 A S A Fragments of

nuclear envelope

Figure 1.6 Prophase.
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Figure 1.7 Metaphase.
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Telophase

® There are now 46 chromatids at each pole, and these will form the chromosomes of the
daughter cells.

® The cell membrane constricts in the centre of the cell, dividing it into two cells.

® The nuclear spindle disappears, and a nuclear membrane forms around the chromosomes in
each of the daughter cells (Figure 1.9).

® The chromosomes become long and threadlike again, and are very difficult to see.

Cell division is now complete, and the daughter cells themselves enter the interphase stage in
order to prepare for their replication and division.

Cell cycle

Looking now at the cell cycle (Figure 1.10) and supposing that one full cycle represents 24 hours,
then the actual process of replication (mitosis) would only last for about 1 hour out of those 24
hours. The rest of the time, the cell is undertaking the replication of its DNA. It also has to produce
two of everything that is in the cell. In addition, it has to go through the process of obtaining
and digesting nutrients so that it has the raw materials for this duplication, as well as the energy
required in order to carry out various functions of the cell.
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Table 1.2 Stages of meiosis.

First meiotic stage Second meiotic stage

Prophase | Prophase |l

Metaphase | Metaphase II

Anaphase | Anaphase ||

Telophase | Telophase Il
Meiosis

During the reproduction of humans, the egg is penetrated by a sperm, which then releases its
DNA to combine with the DNA of the egg, so that the resulting embryo has two copies of each
of the 23 chromosomes in nucleated cells. If the sperm and eggs had two copies of each chromo-
some (like other cells), the resulting fusion and developing embryo would have four copies of
each chromosome. This means that the next generation would have four copies of each chromo-
some. The generation after that would have eight copies, and so on. This is obviously not practical,
so the sperm and eggs undergo a process known as meiosis to ensure that the resulting embryo
will only carry two copies of each chromosome in each cell with a nucleus.

For descriptive purposes, meiosis can be divided into eight stages (not the four of mitosis).
However, they have the same names, but are known as either | or Il (Table 1.1). As with mitosis,
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these phases are continuous with one another. However, there are differences as well as similari-
ties between mitosis and meiosis.

First meiotic stage

Prophase |

® This is similar to prophase in mitosis.

® However, instead of being scattered randomly, the chromosomes are arranged in 23 pairs.
For example, the two chromosome number ones will pair up, as will the two chromosome
number twos.

® Within each pair of chromosomes, genetic material may be exchanged between the two
chromosomes.

® |t is these exchanges that are partly responsible for the differences between children of the
same parents.

® This process is called ‘gene cross-over’.

Metaphase |

As in mitosis, the chromosomes become arranged on the spindles at the equator. However, they
remain in pairs.

Anaphase |

One chromosome from each pair moves to each pole, so that there are now 23 chromosomes at
each end of the spindle.

Telophase |

The cell membrane now divides the cell into two halves, as in mitosis. Each daughter cell now has
half the number of chromosomes that each parent cell had.

Second meiotic stage

® The cells produced by the first meiotic division now divide again.

® Prophase Il, metaphase I, anaphase Il and telophase Il are all similar to their equivalent stage
in mitosis, with the exception that the DNA has not been replicated before prophase I, so
there are only 23 single chromosomes in each of the granddaughter cells.

Fusion of the gametes

® When the gametes, each with 23 chromosomes, fuse together, a cell known as a zygote with
23 paired chromosomes (i.e. 46 in all) is formed.

® One chromosome in each pair comes from the mother and one from the father.

® The zygotic cell then divides (by mitosis) many times to form the embryo.

The organelles

All cells contain many organelles (little organs).
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Endoplasmic reticulum

It is believed that the endoplasmic reticulum (ER; Figure 1.11) is formed from the nuclear
membrane.

The ER consists of membranes that form a series of channels (called cisternae) dividing the
cytoplasm into compartments. The cisternae are concerned with the transport of materials,
primarily proteins. The alteration or addition of proteins for export from the cell can occur within
the cisternae. They also contain a number of enzymes of importance in cell metabolism, such as
digestive enzymes, enzymes involved in the synthesis of steroids, and enzymes responsible for a
variety of reactions leading to the removal of toxic substances from the cell (McCance et al., 2010).
The ER present in liver cells has a role in drug detoxification.

There are two types of cisternae:

® granular (rough) ER — associated with ribosomes
® agranular (smooth) ER — free of ribosomes.

Granular ER is particularly well developed in cells that actively synthesise (produce) and export
proteins. Agranular ER is found in steroid hormone secreting cells, such as the cells of the adrenal
cortex or the testes. Ribosomes include tiny particles of RNA on which the synthesis of proteins
needed by the cell takes place, and they are formed in the nucleoli.

Golgi apparatus

The Golgi apparatus is a collection of membranous tubes and elongated sacs — actually flattened
cisternae stacked together. It plays a part in concentrating and packaging some of the substances
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that are made in the cell, e.g. lysosomal enzymes. The complex also plays a part in the assembly
of substances for secretion outside of the cell. Secretory cells (such as those found in the mucous
membrane) have many Golgi stacks, whereas non-secretory cells have few Golgi stacks per cell.

Proteins for export from the cell are synthesised on the ribosomes, and then travel through the
ER to the Golgi vesicles (a vesicle is a fluid-filled sac). Vesicles leaving the Golgi fuse with the cell
membrane by the process of exocytosis. The contents of the vesicles are then exported out of
the cell. In addition, the Golgi is itself involved in the formation of glycoproteins.

Lysosomes

Lysosomes are organelles bound to the membrane and contain a variety of enzymes. Lysosomes
have a number of functions:

® Digestion of material taken up by endocytosis, e.g. pathogenic organisms.

® Break down of cell components, e.g. during embryological development, the fingers and toes
are webbed — the cells between the toes and fingers are removed by the lysosomal enzymes.
After a baby’s birth, the uterus, which weighs around 2 kg at full term, is invaded by phagocytic
cells that are rich in lysosomes — these reduce the uterus to its non-pregnant weight of about
50 g within about 9 days.

® In normal cells, some of the synthesised proteins may be faulty — lysosymes are responsible
for their removal.

® Contribute to hormone production, e.g. thyroxine — a hormone affecting a wide range of
physiological activities, including metabolic rate.

It is important that lysosomes do not rupture and release their contents inside living cells;
otherwise the lysosomal enzymes would start to digest the cell. In certain degenerative diseases,
such as rheumatoid arthritis, enzymes released by the breakdown of lysosomes from macro-
phages may be a significant factor by attacking living cells and tissues.

Peroxisomes

These are organelles similar in structure to lysosomes, but are much smaller. They are particularly
abundant in liver cells. They contain several enzymes that are toxic to body cells. The role of
peroxisomes in cells appears to be one of detoxification of harmful substances, such as alcohol
and formaldehyde. More importantly, they neutralise dangerous free radicals. Free radicals are
highly reactive chemicals that contain electrons that have not been paired off, and so are ‘free’
to disrupt the structure of molecules (Marieb and Hoehn, 2010).

Mitochondria (single = mitochondrion)

Mitochondria (often known as the power houses of the cell) consist of three membranes. The
inner membrane has many folds that increase the surface area available for chemical reactions
to occur. This process is collectively known as internal respiration. The mitochondrial matrix (the
space surrounded by the inner membrane) contains enzymes of the tricarboxylic acid (TCA) cycle,
as well as enzymes involved in fatty acid oxidation. The inner membrane is of the same thickness
as the outer membrane and is responsible for oxidative phosphorylation. The mitochondria them-
selves are often found concentrated in regions of the cell associated with intense metabolic
activity.
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By using ATP, the mitochondria are able to generate the energy needed by the cell for it to
function by converting the chemical energy contained in molecules of food. The production of
ATP requires the breakdown of food molecules, and it occurs in several stages, each requiring the
appropriate enzyme. An enzyme is a protein that can initiate and speed up a chemical reaction
(it acts as a catalyst). The enzymes in the mitochondria are stored in the membranes in the
required order so that the reactions occur in the correct sequence. This is very important, as it
would be disastrous if the chemical reactions occurred out of sequence.

Mitochondria are self-replicating — just like the cells. DNA that is incorporated into the mito-
chondrial structure controls the replication process.

Cytoskeleton

The cytoskeleton is a lattice-like collection of fibres and fine tubes in the cytoplasm, and it is
involved in the cell’s maintenance and alteration of its shape as required.
There are three components of the cytoskeleton:

® microfilaments
® microtubules
® intermediate filaments.

Microfilaments

These are rod-like structures, 6 nm in diameter, consisting of a protein called actin. In muscle, both
actin (thick) and myosin — another protein (thin) are involved in the contraction of muscle fibres.
In non-muscle cells, microfilaments help to provide support and shape to the cell, and also assist
in the movement of cells as well as movement within the cells.

Microtubules

These are relatively straight, slender, cylindrical structures that range in diameter from 18 to
30 nm. They consist of a protein called tubulin. Microtubules, like microfilaments, help to provide
shape and support for cells. They also provide conducting channels through which various sub-
stances can move through the cytoplasm, and assist in the movement of pseudopodia.

Intermediate filaments

These range in diameter from 8 to 12 nm and also help to determine the shape of the cell. Exam-
ples of intermediate filaments are neurofilaments found in the nerve.

Centrioles, cilia and flagella

Centrioles

These are found in most animal cells and are cylindrical structures. They are composed of nine
sets of microtubules arranged in a circular pattern. They are involved in cell reproduction.
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Cilia and flagella

These structures extend from the surface of some cells and can bend, thus causing movement.
In humans, cilia generally have the function of moving fluid or particulates over the surface of
cells. Ciliated cells of the respiratory tract move mucus that has trapped foreign particles over the
surface of respiratory tissues. A flagellum is usually a much larger structure than a cilium and
is often used like a tail to propel the cell forward. The only example of a cell in the human body
with a flagellum is the sperm, where the flagellum acts as a tail and propels the sperm towards
the ova.

Types of cells

Figure 1.12 illustrates some of the cells that make up certain tissues.

Nucleus

Cell body

Nucleus - 4‘\:%
A
j
Smooth y
muscle

Connective
Nucleus Nucleus ——» tissue

cell

(fibroblast)

Skeletal muscle cell Nerve cell

Figure 1.12 Types of cells.
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Tissues

A human begins as a single cell — the fertilised egg. As soon as fertilisation takes place, the egg
divides continuously. However, these cells do not divide endlessly and haphazardly. They divide
and grow together in such a way that they become specialised, e.g. muscle cells, skin cells, cells
of the lens of the eye and blood cells (Marieb, 2010). Cells group together to become tissues.
Tissues are basically groups of cells that are similar in structure and generally perform the same
functions (McCance et al., 2010). There are four primary types of tissues:

epithelial
connective
muscle
nervous.

Most organs of the body contain all four types of tissue. All four have distinct functions that
help to maintain homeostasis. For instance:

Epithelial tissue is concerned with ‘covering’.

Connective tissue is concerned with ‘support’.

Muscle tissue is concerned with ‘movement’.

Nervous tissue is concerned with ‘control’ (Wheeldon, 2011).

Specialised cells form themselves into tissue in one of the two ways. The first way is by mitosis.
Cells formed as a result of mitosis are clones of the original cell. Therefore, if one cell with a
specialised function undergoes mitosis, and subsequent generations of daughter cells continue
to undergo mitosis, then the resulting hundreds of cells will all be of the same type and have
the same function — they will become tissue. For example, epithelial cell sheets (such as skin) are
formed as a result of mitosis (McCance et al., 2010).

The second way involves the migration of specialised cells to the site of tissue formation and
then assembling there. This is particularly seen during the development of the embryo when, for
example, cells migrate to sites in the embryo where they differentiate and assemble into a variety
of tissues (McCance et al., 2010). This movement of cells is known as chemotaxis. Chemotaxis
is discussed in detail in Chapter 3, but put simply, it is the ‘movement along a chemical gradient
caused by chemical attraction’ (McCance et al., 2010).

Epithelial tissue

Epithelial tissue lines and covers areas of the body, as well as forming the glandular tissue of the
body. So, the exterior of the body is covered by one type of epithelial tissue (the skin), whilst
another type of epithelial tissue lines some digestive system organs, such as the stomach and the
small intestines, and the kidneys. In effect, epithelial tissue covers most of the internal and exter-
nal surfaces of the body.

Epithelial tissue is classified into two ways:

® the number of cell layers:
©® simple — where the epithelium is formed from a single layer of cells (Figure 1.13).
o stratified — where the epithelium has two or more layers of cells (Figure 1.14).
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Figure 1.13 Simple epithelium.

Figure 1.14 Stratified epithelium.

® shape:
® sguamous
o cuboidal

e columnar.

Simple epithelial tissues are most concerned with absorption, secretion and filtration, but
because they are usually very thin, they are not involved in protection.

Simple squamous epithelium rests on a basement membrane (basal layer). The basement
membranes provide a layer of cells that supports and separates epithelial tissue from underlying
connective tissue. Squamous epithelial cells fit very closely together to form a thin sheet of tissue.
It is this type of epithelial tissue that is found in the alveoli of the lungs and the walls of capillar-
ies. Rapid diffusion of filtration can take place through this very thin tissue. Oxygen and carbon
dioxide exchange takes place through the epithelial tissue lining the alveoli of the lungs, whilst
nutrients and gases can pass through the epithelial tissue from the cells into and out of the capil-
laries. In addition, simple squamous epithelial cells form serous membranes that line certain body
cavities and organs (Wheeldon, 2011).

Simple cuboidal epithelial tissue consists of one layer of cells resting on a basement membrane.
However, because cuboidal epithelial cells are thicker than squamous epithelial cells, they are
found in different places of the body and perform different functions. This epithelial tissue is found



Cell and body tissue physiology Chapter 1

Apical (free) Lateral surfaces

surface
/i\f“\ ]

— Epithelium

Basal
Iam]na Basement
Reticular membrane
lamina

//

——

_ Connective
_ m tissue
/ o “~

Nerve Blood vessel

Figure 1.15 Epithelial cells classified according to shape.

in glands, such as the salivary glands and the pancreas, as well as forming the walls of kidney
tubules and covering the surface of the ovaries (Marieb, 2010).

Simple columnar epithelium (Figure 1.15), whilst being composed of single layer of cells, is
made up of a single layer of quite tall cells that, like the other two types, fit closely together. This
epithelial tissue lines the entire length of the digestive tract from the stomach to the anus and
contains goblet cells. Goblet cells produce mucus, and those simple columnar epithelial tissues
that line all the body cavities that are open to the body exterior are known as mucous membranes
(Marieb, 2010).

Stratified epithelial tissue, unlike the simple epithelial tissue, consists of two or more cell layers.
Because these stratified epithelial tissues have more than one layer of cells, they are stronger and
more robust than the simple epithelia. This means that a primary function of stratified epithelia
is protection.

Stratified squamous epithelial tissue (Figure 1.14) is the most common stratified epithelium in
the human body, and it consists of several layers of cells (Marieb, 2010). Although this epithelial
tissue is called squamous epithelium, in actual fact, it is not made up entirely of squamous cells.
It is the cells at the free edge of the epithelial tissue that are composed of squamous cells, whilst
those cells that are close to the basement membrane are composed of either cuboidal or colum-
nar cells. Squamous epithelium is found in places that are most at risk of everyday damage,
including the oesophagus, the mouth and the outer layer of the skin (Marieb, 2010).

Stratified cuboidal epithelial tissue only has two cell layers and is fairly rare in the human body,
only being found in the ducts of large glands. The same can be said of the stratified columnar
epithelial tissue.
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There is a fourth type of epithelial tissue, known as transitional epithelium. This is a highly
modified stratified squamous epithelium and it forms the lining of just a few organs/structures —
all of which form part of the urinary system — the urinary bladder, the ureters and part of the
urethra. This type of tissue has been modified to cope with the considerable stretching that
these organs undergo. So, when one of these organs or structures is not stretched, the tissue
has many layers with the superficial (those in the top layer) cells being rounded and looking like
domes. However, when distended with urine, the epithelium becomes thinner, the surface cells
flatten and they become just like squamous cells. These transitional cells are able to slide past
one another and change their shape, allowing the wall of the ureter to stretch as a greater
volume of urine flows through. Similarly, it allows for more urine to be stored in the bladder
(Marieb, 2010).

nd

Glandular epithelium

Glandular epithelial tissue is found within glands. According to Marieb (2010), a gland consists of
several cells that make and secrete a particular product.
Two major types of glands develop from epithelial sheets:

® exocrine glands
® endocrine glands.

Exocrine glands have ducts leading from them, and their secretions empty through these ducts
to the surface of the epithelium. Examples of exocrine glands include the sweat glands, the liver
and the pancreas.

Endocrine glands, on the other hand, do not possess ducts. Instead, their secretions diffuse
directly into the blood vessels that are found within the glands. All endocrine glands secrete
hormones. These glands include the thyroid, the adrenal glands and the pituitary gland.

Connective tissue

Connective tissue is found everywhere in the body and it connects body parts to one another. It
is the most abundant and widely distributed of all four primary tissue types. It varies considerably
in structure and has four main functions:

protection

support

binding together other tissues (Marieb, 2010)

acting as storage sites for excess nutrients (McCance et al., 2010).

However, the most common structure and function of connective tissue is to act as the frame-
work on which the epithelial cells gather in order to form the organs of the body (McCance et al.,
2010).

There are several common characteristics of connective tissue. One is that there are few cells
in the tissue, but surrounding these few cells there is a great deal of what is known as extracel-
lular matrix. This extracellular matrix is composed of ground substance and fibres and it varies in
consistency from fluid to a semisolid gel. The fibres are made up of fibroblasts — one of the con-
nective tissue cells, and are of three types:
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® collagen (white) fibres
® elastic (yellow) fibres E
® reticular fibres.

Collagen fibres have great strength, whilst elastic fibres are can stretch and then recoil. The
reticular fibres form the internal ‘skeleton’ of soft organs such as the spleen.

The ground substance is composed largely of water plus some adhesion proteins and large
polysaccharide molecules, and it is these adhesion proteins that serve as a glue that attaches the
connective tissue cells to the fibres. The change of consistency within the ground substance from
fluid to a semisolid gel depends upon the number of polysaccharide molecules that are present.
An increase in polysaccharide molecules causes the matrix to move from being a fluid to being a
semisolid gel. The ground substance can store large amounts of water, so it serves as a water
reservoir for the body (Marieb and Hoehn, 2010).

Connective tissue forms a ‘packing’ tissue around organs of the body (very much like the
packing that can surround a delicate object in a parcel in transit) and so protects them. It is able
to bear weight and to withstand stretching and various traumas, such as abrasions. There is a
wide variation in types of connective tissue, e.g. fat tissue is composed mainly of cells and a soft
matrix. Bone and cartilage have very few cells but do contain large amounts of hard matrix and
that is what makes them so strong (Marieb, 2010).

There are also variations in the blood supply to the tissue. Although most connective tissues
have a good blood supply, there are some types, e.g. tendons and ligaments, that have a poor
blood supply, whilst cartilage has no blood supply. That is the reason why these structures heal
very slowly when they are injured — often a broken bone will heal much quicker than a damaged
tendon or ligament (Marieb, 2010).

Bone

Bone is the most rigid of the connective tissues and it is composed of bone cells surrounded by
a very hard matrix containing calcium and large numbers of collagen fibres. Because of their hard-
ness, bones provide protection, support and muscle attachment (Marieb, 2010).

Cartilage

Cartilage, which is not as hard, but is more flexible than bone, is found in only a few places in the
body, e.g. hyaline cartilage that supports the structures of the larynx. It attaches the ribs to the
sternum and covers the ends of the bones where they form joints (Marieb and Hoehn, 2010).
Other types of cartilage include fibrocartilage which, because it can be compressed, forms the
discs between the vertebrae of the spinal column, and elastic cartilage where some degree of
elasticity is required, e.g. in the external ear.

Dense connective tissue

Dense connective tissue forms strong, stringy structures such as tendons (which attach skeletal
muscles to bones) and the more elastic ligaments (that connect bones to other bones at joints).
Dense connective tissue also makes up the lower layers of the skin (known as the dermis). These
tissues have collagen fibres as the main matrix element, with many fibroblasts found between
the collagen fibres (Marieb, 2010). These fibroblasts are the cells that are involved in the manu-
facture of the fibres.
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Loose connective tissue

Loose connective tissue is softer and contains more cells, but fewer fibres, than other types of
connective tissue (with the exception of blood). There are four types of loose connective tissue:

areolar tissue

adipose tissue
reticular tissue
blood.

Areolar tissue

Areolar tissue is the most widely distributed connective tissue type in the body. It is a soft tissue
that cushions and protects the body organs that it surrounds. It helps to hold the internal organs
together. It has a fluid matrix that contains all types of fibres which form a loose network, so giving
it its softness and pliability. It provides a reservoir of water and salts for the surrounding tissues.
All body cells obtain their nutrients from this tissue fluid and also release their waste into it. It is
also in this area that, following injury, swelling can occur (known as oedema) because the areolar
tissue soaks up the excess fluid just like a sponge does, causing it to become puffy (Marieb and
Hoehn, 2010).

Adipose tissue

This tissue is commonly known as ‘fat’ and is actually areolar tissue in which there is a preponder-
ance of fat cells. It forms the subcutaneous tissue which lies beneath the skin where it insulates
the body and can protect it from the extremes of both heat and cold (Marieb and Hoehn, 2010).
In addition, adipose tissue protects some organs, such as the kidneys and eyeballs.

Reticular connective tissue

Reticular connective tissue consists of a delicate network of reticular fibres that are associated
with reticular cells (similar to fibroblasts). It forms an internal framework to support many free
blood cells — mainly the lymphocytes — in the lymphoid organs, such as the lymph nodes, spleen
and bone marrow (Marieb and Hoehn, 2010).

Blood

‘Blood, or vascular tissue, is considered a connective tissue because it consists of blood cells,
surrounded by a non-living, fluid matrix call blood plasma’ (Marieb and Hoehn, 2010). Blood is
concerned with the transport of nutrients, waste material, respiratory gases (such as oxygen and
carbon dioxide), as well as many other substances throughout the body.

Muscle tissue

There are three types of muscle tissue and these are responsible for helping the body to move,
or to move substances within the body

® skeletal muscle
® cardiac muscle
® smooth muscle.
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Skeletal muscle

This muscle is attached to bones and is involved in the movement of the skeleton. These muscles E
can be controlled voluntarily and form the ‘bulk’ of the body (the flesh). The cells of skeletal
muscle are long, cylindrical and have several nuclei. In addition, they appear striated (have stripes).
They work by contracting and relaxing, with pairs working antagonistically, i.e. one muscle con-
tracts and the opposite muscle relaxes. So, for example, if the muscles in the front of the arm
contract and the ones at the back of the arm relax, then the arm bends.

Cardiac muscle

Cardiac muscle is only found in the heart and it pumps blood around the body. It does this by
contracting and relaxing, just like skeletal muscle, and it appears striated. However, unlike skeletal
muscles, it works in an involuntary way — the activity cannot be consciously controlled. The cells
of cardiac muscle do not have a nucleus.

Smooth muscle

Also known as visceral muscle, smooth muscle (see Figure 1.12) is found in the walls of hollow
organs, e.g. the stomach, bladder, uterus and blood vessels (hence ‘visceral’ because these organs
are also known as ‘viscera’). Smooth muscle has no striations, and like cardiac muscle it works in
an involuntary way. Smooth muscle causes movement in the hollow organs, i.e. as it contracts,
the cavity of an organ becomes smaller (constricted) and when it relaxes the organ becomes larger
(dilated). This allows substances to be propelled through the organ in the right direction, e.g.
faeces in the intestines. Because smooth muscle contracts and relaxes slowly, it forms a wavelike
motion (known as peristalsis) that pushes, in the case of the intestines, the faeces through the
intestines (Figure 1.16).

Nervous tissue

Nervous tissue is concerned with control and communication within the body by means of electri-
cal signals. The main type of cell that is found in nervous tissue is the neuron (see Figure 1.12).
All neurons receive and conduct electrochemical impulses around the body. The structure of
neurons is very different from that of other cells. The cytoplasm is found within long processes
or extensions —some in the leg being more than a metre long. These neurons receive and transmit
electrical impulses very rapidly from one to the other across synapses (junctions). It is at the
synapses that the electrical impulse can pass from neuron to neuron, or from a neuron to a muscle
cell. The total number of neurons is fixed at birth, and cannot be replaced if they are damaged
(McCance et al., 2010).

In addition to the neurons, nervous tissue includes cells known as neuroglia-supporting cells.
These supporting cells insulate, support and protect the delicate neurons. The neurons and sup-
porting cells make up the structures of the nervous system:

® the brain
® the spinal cord
® the nerves.
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Tissue repair

The many tissues of the body are always at risk of injury or disease. Inflammation is the body’s
immediate reaction to tissue injury or damage, because when tissue injury or damage does occur,
this stimulates the body’s inflammatory and immune responses to spring into action so that the
healing process can begin almost immediately.

There are four major signs and symptoms of an inflammatory response (Nairn and Helbert,

2002):

® pain

e swelling
® heat

® redness.

There may also be nausea, sweating, a raised pulse, a lowered blood pressure and even a loss
of consciousness. These symptoms are the body’s response to the pain and to shock.

Inflammation is usually initiated by damage to a cell. Following this damage, three simultaneous
processes occur:

® Mast cell degranulation — mast cells are tissue cells which contain granules in their cytoplasm.
These granules are similar to, but smaller than, the granules found in basophils in the blood.
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These granules contain, amongst other substances, histamine which, during the process of
degranulation, is released into the tissues. It causes some inflammatory symptoms and works E
with the two other processes listed here to provide full inflammatory symptoms.

® The activation of four plasma protein systems — these systems are the complement, clotting
and kinin systems, and immunoglobulins (antibodies). The complement system activates and
assists inflammatory and immune processes. It also plays a major role in the destruction of
bacteria. The clotting system traps bacteria that have entered the wound and also interacts
with platelets to stop any bleeding. The kinin system helps to control vascular permeability,
whilst immunoglobulins help in the destruction of bacteria.

® The phagocytic cells move to the area of damage in order to phagocytose bacteria or any
other non-self debris in the wound.

A typical inflammatory response to injured tissue is:

® Arterioles near the injury site constrict briefly, followed by vasodilation which increases blood
flow to the site of the injury (redness and heat).

® Dilation of the arterioles at the site increases the pressure in the circulation, which increases
the movement of plasma proteins and blood cells into the tissues in the area, so causing
oedema (swelling).

® The nerve endings in the area are stimulated, partly by pressure (pain).

® The clotting and kinin systems, along with platelets, move into the area and block any tissue
tears by commencing the clotting process.

® Phagocytes and lymphocytes move into the area and start to destroy any infectious organisms
found there and remove pus.

® These blood cells remain in the area until tissue regeneration (repair) takes place — known as
resolution.

Thus, inflammation can be summed up as the presence of:

vasodilation — redness/heat
vascular permeability — oedema
cellular infiltration — pus
thrombosis — clots

stimulation of nerve endings — pain.

Conclusion

This chapter has looked at the building blocks of the human body, namely the cells. Cells are
extremely complicated parts of the body, but an understanding of them and their functions
is important in order to understand how the human body itself functions. Cells form tissues,
which then form all the structures, systems and organs of the body. Therefore, it is necessary
to also have an understanding of tissues. The remainder of this book will look at the various
systems, structures and organs of the body — how they function as well as what can go wrong
with them.
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rocess of tissue repair.

Here are some activities and exercises to help test your learning. For the answers
to these exercises, as well as further self-testing activities, visit our website at
www.wiley.com/go/fundamentalsofappliedpathophysiology

Fill in the blanks

Connective tissue body parts to one another. In addition to binding and storage
its other main functions are and . Connective tissue cells are sur-
rounded by a collection of substances referred to as the , which is composed of
and fibres. There are three types of fibre found in connective tissue.
The fibres provide strength, whereas elastic fibres are able to and
. fibres formthe internal of such as the spleen.
There are several types of connective tissue. isthe mostrigid, whereas

is more flexible. Dense connective tissue consists of stringy structures called ,
which attach to bone. Loose connective tissue is much softer and comes in
four main forms, , , and

Choose from:

Blood; Reticular; Stretch; Support; Areolar; Cartilage; Connects; Collagenous; Skeleton;
Tendons; Adipose; Extracellular matrix; Protection; Ground substance; Recoil; Skeletal
muscle; Reticular; Bone; Soft organs


http://www.wiley.com/go/fundamentalsofappliedpathophysiology

Cell and body tissue physiology Chapter 1

Label the diagram

Using the list of words supplied, label the diagram:

Glycolipid (carbohydrate lipid); Glycoprotein (Carbohydrate protein); phospholipid heads; Integral
transmembrane protein; Peripheral protein; Fatty acid tails
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Osmosis

Muscle

Epithelial

Exocytosis

Lysosome

Plasma membrane

Cytoplasm
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Ribosome
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Cytoskeleton
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Tissue

Prophase

Cell cycle
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< Glossary of terms

Active transport:

Active transport pump:

Adenosine diphosphate (ADP):

Adenosine triphosphate (ATP):

Amino acid:

Carbohydrate:

Carrier/transport protein:

Catalyst:

Chemical reaction:

Chromatid:

Chromatin:

Chromosomes:

Concentration gradient:

the process in which substances move against a
concentration gradient from an area of low concentration
to one of higher concentration. It requires the release and
use of energy.

also known as a sodium pump, this is situated in the
plasma membrane and uses the energy produced by the
ATP reaction to pump sodium ions (Na*) out of the cell
and potassium ions (K) into it.

found inside cells, it helps to produce ATP during reactions
which produce cellular energy and is itself formed from
ATP at a later stage. It is this continual synthesis and
breaking down of ADP and ATP that produces the energy.

a compound of an adenosine molecule with three
attached phosphoric acid molecules. Essential for the
production of cellular energy.

the building block of proteins. The type of protein that is
produced depends upon the number and types of amino
acids that are used to construct it.

an organic compound that is composed of carbon,
hydrogen and oxygen. Sugars (including glucose) and
starch are carbohydrates. They are very important as an
energy store.

a small molecule that helps in the movement of ions
across a cell membrane.

a substance that speeds up a reversible chemical reaction.
Enzymes are catalysts.

a reactions in which molecules are formed, changed or
broken down.

one of the two strands of chromatin. Two identical
chromatids form a chromosome after nuclear
reproduction.

the material which forms chromosomes. It consists of
DNA and proteins.

tightly coiled chromatin. This is the form in which the
genetic material of all cells is organised.

the gradient that demonstrates the difference between an
area of high concentration and one of low concentration
of a substance.
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Cytoplasm: collective name for all the contents of the cell, including
the plasma membrane, but not including the nucleus.

Deoxyribonucleic acid (DNA):  found in the nucleus, it contains all the genetic
information of an organism.

Diffusion: the passive movement of molecules or ions from a region
of high concentration to one of low concentration until a
state of equilibrium is achieved.

Endocytosis: the general name for the various processes by which cells
ingest foodstuffs and infectious micro-organisms.

Enzyme: a protein that speeds up chemical reactions.

Eukaryotic cell: a cell that normally includes, or has included,
chromosomal material within one or more nuclei.

Exocytosis: the system of transporting material out of cells.

Extracellular fluid: the fluid outside of the cell and bathes the body’s cells.

Extracellular matrix: found in connective tissue, this is non-living material that

is made up of ground substance and fibres. It separates
the living cells found in this tissue.

Facilitated diffusion: similar to diffusion, this requires the help of another
substance — a carrier protein — for the process to take
place (i.e. a facilitator).

Fibre: are any long, thin structures. The body contains many of
them, including nerve fibres and muscle fibres.

Fibroblast: the most common connective tissue cell and only found in
the tendons. It is responsible for the production and
secretion of extracellular matrix materials.

Gene: the smallest physical and biological unit of heredity that
encodes for a molecular cell product.

Genetic material: mainly DNA (deoxyribonucleic acid) that contains genetic
information.

Glucose: also known as dextrose, it is the principal sugar found in

the blood. It is essential for life. An absence can lead to
diabetes, coma and even death.

Glycoprotein: a protein linked to carbohydrates.
Goblet cell: a mucus-secreting cell found in epithelial tissue.
Ground substance: the part of the extracellular matrix (found in connective

tissue) that is composed mainly of water, with some
adhesion proteins and large polysaccharide molecules.
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Hormone:

Inorganic substance:

Internal respiration:

lon:

Lipid:

Lysosome:

Lysosyme:

Meiosis:

Membrane:

Metabolism:

Metabolite:

Mitosis:

Neuroglia-supporting cell:

Nuclear membrane:
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a chemical messenger that is linked to the endocrine
system, and that has a physiological control over the
function of cells or organs other than those that
created it.

a compound that does not contain carbon (e.g. water).

the use of oxygen by cells in the enzymatic release of
energy from organic compounds. This is known as aerobic
respiration. Anaerobic respiration does not require
oxygen, but does require a substance such as nitrate or
iron to do the same job as oxygen (accept electrons during
the chemical reaction). Only human cells with
mitochondria can undertake aerobic respiration.

an atom or group of atoms that carries either a positive or
a negative electrical charge.

an energy-rich organic compound that is soluble in organic
substances such as alcohol and benzene.

an organelle within the cell that is an important part of
the cell’s digestive system because it secretes lysosyme
and other similar enzymes, which are very important in
the phagocytosis of micro-organisms.

a bacteria-destroying enzyme found in lysosomes, sweat,
tears, saliva and other bodily secretions.

the process by which the gametes (spermatozoa and ova)
are reproduced.

the outer covering of a cell and of a nucleus within a cell.

the collective name for all the physical and chemical
processes occurring within a cell/living organism, but often
referring only to reactions involving enzymes.

a substance involved in the process of metabolism —
either to cause it, assist it or occurring as a result of the
process.

the process by which cells (other than the gametes) are
reproduced by simple division of the nucleus and the cell
itself.

a cell found in nervous tissue; its role is to support the
delicate neurons by insulating, supporting and protecting
them.

the outer shell of the nucleus within the cell.
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Nucleolus:

Nucleoplasm:
Nucleosome:

Organelle:

Osmosis:

Osmotic pressure:

Oxidative phosphorylation:

Passive transport:

Phagocytosis:

Pinocytosis:

Prokaryotic cell:

Protoplasm:

Ribosomal ribonucleic
acid (rRNA):

Receptor site:

Receptor-mediated
endocytosis:
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a small spherical body found in the cell nucleus that is
involved in the production of ribosomes.

the protoplasm found within the nucleus.
the basic structural unit of a chromosome.

a structural and functional part of a cell that acts like
human organs to fulfil all the needs of the cell so that it
can grow, reproduce and carry out its functions.

the passive movement of water through a selectively
permeable membrane from an area of high concentration
of a chemical to an area of low concentration.

the pressure that must be exerted on a solution to prevent
the passage of water into it across a semipermeable
membrane from a region of higher concentration of solute
to a region of lower concentration of solute.

the process by which energy released during aerobic
respiration and is linked to the production of
adenotriphosphate (ATP).

the process by which substances move on their own down
a concentration gradient from an area of high
concentration to one of lower concentration. No cellular
energy is required for this process.

the method by which cells ingest large particles, including
whole micro-organisms.

the method by which cells ingest small particles and fluids.

the opposite of eukaryote cell; their DNA/RNA is not
contained within a discrete nucleus. They are generally
very small bacteria for example.

the collective name for everything within the cell,
including the cytoplasm, nucleus and the organelles, as
well as the plasma membrane.

a highly selective method by which the cell is able to
ingest large particles (particularly proteins).

also known as membrane receptor molecule. This is a
protein on the membrane of cells that is able to receive
certain other proteins that match them (e.g. hormones
and antibodies).

involved in the translation of the genetic material encoded
in DNA into proteins. It works in conjunction with ribosomes
and messenger RNA (mRNA) and transfer RNA (tRNA).
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Ribosome: an organelle found in cytoplasm that plays a major role in
the synthesis of proteins from RNA.

Selective permeability: the ability of the cell membrane to allow only certain
substances to pass into or out of the cell.

Simple fission: the asexual reproduction of cells by means of division of
the nucleus and the cell body.

Solute: a substance that is dissolved in a solution.

Transmembrane ion gradient:  the gradient in the concentration of ions on either side of
a plasma membrane. It is involved in the production of
cellular energy.

Tricarboxylic acid cycle: also known as the Krebs cycle. This is an aerobic pathway
that occurs in the mitochondria and is necessary for the
production of energy there.

Vesicle: a spherical space within the cell cytoplasm that is involved
in the storage and transfer of substances for the cell.
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Cancer

Tumour
Oncogene
Chemotherapy
Carcinogen
Malignant
Radiotherapy
Immunotherapy
Carcinoma
Neoplasm

Cytotoxic

Test your prior knowledge

What is the difference between a malignant tumour and a benign tumour?
Name three methods of treating cancer.
What can cause lung cancer?

What is the aim of palliative treatment?

Learning outcomes

On completion of this chapter the reader will be able to:

Discuss the process of carcinogenesis and explain the difference between benign and
malignant tumours.

List and explain the ways in which the body tries to prevent cancers from growing.
Describe the role of genes and environmental factors in the development of cancers.
Understand the staging of cancers and describe some of the more common cancers.
Describe the signs and symptoms of cancer and explain what causes them.

List and discuss the many ways in which cancers can be treated.
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Don’t forget to visit to the companion website for this book (www.wiley.com/go/
fundamentalsofappliedpathophysiology) where you can find self-assessment tests
to check your progress, as well as lots of activities to practise your learning.

According to Ferlay et al. (2010), approximately 157,275 people died of cancer in the UK in 2008,
most of whom were over 65 years of age.

Cancer is a disease of abnormal cell growth, cell division and cell differentiation. The disease
‘cancer’ actually consists of a group of diseases, all of which are underpinned by (and caused by)
uncontrolled abnormal cell growth. Cancers are always life-threatening but not always fatal. There
are many causes of cancers, just as there are many types of cancers.

According to McCance (2010a), cells of multicellular organisms are not concerned just with the
individual cell, but rather with the survival of the entire multicellular organism. These cells can
be thought of as specialised members of a society — a cellular society. This means that all cells
work for the good of the organism. Because of this, the processes of cell division, proliferation
and differentiation are normally regulated so that they are in balance — particularly a balance
between the rate of cell birth and the rate of cell death (see Chapter 1).

However, as in any society, there are always some abnormal cells that disobey all social control
mechanisms; in this case, the social control mechanisms of cell division, proliferation and differ-
entiation. These are the cells that will proliferate to form tumours in the body, and indeed, as
McCance (2010a) points out, virtually every cell in the body has the potential to become a tumour
if it mutates.

Carcinogenesis is a multistep mechanism and is caused by an accumulation of cellular and
chemical errors, particularly concerning the deoxyribonucleic acid (DNA) of a cell. Altered DNA
bases — known as mutations — are the cause of any changes that lead to cells becoming cancers,
and several mutations within the DNA are required for carcinogenesis to happen. Carcinogenesis
always begins with a single cell whose DNA has been damaged for some reason. This cell starts
to grow in an abnormal and uncontrolled way. Following the process of division and reproduction,
as discussed in Chapter 1, each new daughter cell, because it has inherited its parent’s DNA, also
grows in an uncontrolled way. Normally, a cell is programmed to stop growing when it reaches
its correct size, but because of the DNA abnormality (mutation), it continues past this point and
grows ever larger.

The body does have mechanisms to deal with cells that are abnormal, which means that these
cells that carry a genetic mutation causing uncontrolled growth should either commit suicide
(apoptosis) or should be killed by the body’s own defences (see Chapter 3). In order to become
a cancer, these abnormal cells have to multiply literally billions of times. It takes a long time for
a single cell to develop billions of daughter cells, and this is why cancers are generally considered
to be diseases of old age. Unfortunately, there are exceptions to this, and some cancers develop
in children (some even in babies). Examples are some cancers of the eye — retinoblastoma, and
of the blood — certain leukaemias. However, the idea that cancer is generally a disease linked with
old age still holds true, and there is a high incidence of cancer occurring after the age of 40 years.

Cancer can occur in almost any cell, but the most common cancers are to be found in the:

® skin
® |ung
® colon
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® breast
® prostate gland.

Over the past few years, there have been some changes in the incidence rates of the various
cancers. For example, the incidence of stomach and colon cancer has reduced, whilst the inci-
dence of skin and lymphoid cancers has increased (Marieb and Hoehn, 2010). Marieb and Hoehn
(2010) also point out that despite all the advances in diagnosis, care and treatment of cancer, the
overall rate of cancer deaths has increased. This may be accounted for by the fact that life expect-
ancy has also increased and, as already mentioned, cancers are more prevalent in older people.

For whatever reason, the DNA of a cell becomes altered, causing the cell to grow uncontrollably.
This is known as the initiation period. What happens after the cell starts to grow uncontrollably
determines whether or not cancer will occur.

Apoptosis (or cell suicide) is a process that is continually occurring within the body. This is
because altered and damaged cells are constantly being produced in the body. To understand why
this should be so, one only needs to look at the process by which DNA and cells are replicated. This
process is an extremely rapid one (as it needs to keep pace with the needs of the body in terms of
replacing altered and damaged cells). For example, skin cells are constantly being replaced because
of damage caused by being worn away and dislodged every time the skin comes into contact with
any surface. Because of the speed at which this very complicated process of DNA replication occurs,
it can be no surprise when mistakes occur. There are several mechanisms by which cellular apop-
tosis can be induced (Figure 2.1), e.g. internal cell stresses can lead to apoptosis via the cell’s own
mitochondria.

Another mechanism that the body possesses in order to try and prevent the development of
damaged cells is the destruction of these cells by the body’s own immune system. One of the
many functions of the immune system is called immune surveillance, and this does just what it
says. Certain white blood cells of the immune system (including cytotoxic T lymphocytes) move
through the body looking for any abnormal or ‘alien’ cells (e.g. bacteria and viruses). Each cell
carries receptors on its outer membrane, and some of these receptors are specific identification
(ID) receptors that identify them as belonging to that particular body. If these cytotoxic T lym-
phocytes come across a cell that does not carry these particular ID receptors for that body, then
they will kill it. Either there is activation of death receptors on the cell wall or there is activation
of apoptosis using an enzyme known as granzyme. Although cancerous cells will belong to the
same body as the cytotoxic T lymphocytes, because of their alteration, due to the altered DNA,
the ID receptors on these cancerous cells may have slight alterations to their formation. Luckily,
even though there is only a slight alteration to the ID receptors carried by cancerous cells, they
are still different enough for the T cells to recognise them as not being ‘correct’ cells, and to
destroy them. However, unfortunately, some of the cells (known as precancerous cells) are able
to develop strategies to hide their differences from the immune system, and so escape being
destroyed by the T cells. Once the precancerous cells have achieved this evasion of the body’s
immune system, they can then proceed to divide and replicate in order to cause cancers, because
all their daughter cells will also have this ability to evade the T lymphocytes (Gorczynski and
Stanley, 2006; Vickers, 2005).

Once the precancerous cell has developed a strategy for avoiding both apoptosis and the T
lymphocytes, it can then proceed to clone itself, and the cancer starts to develop. To transform
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Death
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Figure 2.1 Apoptosis (Cell Migration Lab, University of Reading, http://www.reading.ac.uk/
cellmigration/apoptosis.htm).

a single precancerous cell into a cancer requires more than just a straightforward cloning of this
cell, because, in addition to the cell cloning itself, new blood vessels need to form (known as
angiogenesis). These new blood vessels need to develop because all cells require a good blood
supply so that oxygen and nutrients can reach them and keep them alive (as well as allowing
for the removal of carbon dioxide and other toxins). In order for these new blood vessels to
develop, the cancerous cell needs to produce angiogenic growth factors. The other thing to
consider is that the cancerous cells need extra blood flow (more than a normal cell) because
they are growing so rapidly and to such a great size that they require extra oxygen and nutrients
for the growth to continue and for the extra metabolism that is required by the cancerous cell.

There are several models that demonstrate the development of cancers, and the two that are
of most relevance are:.

® Molecular biology model — Figure 2.2 illustrates the process of the development of cancer
from the cellular perspective. A normal cell can become precancerous as a result of DNA
changes (1) during reproduction/cloning. The precancerous cell can then become a cancer as
a result of further alteration in its DNA (2) during cloning, and the final DNA change (3) can
cause the cancerous cell to become metastatic and to spread throughout the body. Thus, it
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Figure 2.2 Molecular biology model (after King, 2000).
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Figure 2.3 Clinical model (after King, 2000).

can be seen that the DNA needs to continue to mutate for a normal cell to reach the meta-
static stage — it is not just a single mutation.

® Clinical model —in this model (Figure 2.3), which looks at the actual clinical disease as opposed
to the biochemical underpinning, the cancer commences with a normal cell, which starts to
overproliferate (i.e. reproduce/clone excessively), so that although these cells are ‘normal’,
they are dividing rapidly. The next stage occurs when there are sufficient cancerous cells to
be able to say that a cancer is present, although it is still only situated in one place within
the body. The third stage is when the cancerous cells start to invade the surrounding tissue
(aggressive behaviour), and finally the cancer spreads to other, often remote, parts of the
body — metastasis.

Often, once a cancer can be detected, it is already at an advanced stage and thus the prognosis
is poorer than if it had been diagnosed at an earlier stage.
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The main causes of cancer appear to be linked to interactions between genes and the
environment.

Genes

The role of genes in the development of cancer is very important, and there are three types of
genes that are involved:

® proto-oncogenes
® oncogenes
® tumour suppressor genes.

Proto-oncogenes possess the genetic codes for the proteins that are needed for normal cell
division and growth, whilst oncogenes are proto-oncogenes that have mutated and so have
become cancer-causing genes that increase the rate at which cells divide and proliferate. One of
the problems with proto-oncogenes is that many of them have fragile sites that can easily break
once they are exposed to carcinogens. Once this occurs, then the proto-oncogenes are converted
into oncogenes. Unfortunately, since oncogenes have been discovered in only 15-20% of cancers
found in humans, there has to be something else which causes cancerous cells to develop, and
tumour suppressor genes, e.g. p53, provide the answer. Tumour suppressor genes work to sup-
press or even prevent cancer by repairing any damaged cell DNA, as well as slowing down or even
stopping cell division. These tumour suppressor genes also help to inactivate carcinogens as well
as improving the ability of the immune system to destroy cancer cells (Marieb, 2010). When these
mutated cancer-causing cells occur in germline cells (i.e. sperm and ova), then the cancer-causing
genes can be inherited from one generation to the next, and so produce families in which there
is a predisposition for certain cancers, such as breast cancer (Jorde et al., 2009). Therefore, it
is now known that certain forms of cancer oncogenes can be inherited within some families.
However, if the oncogene is only to be found in somatic cells, then it would not be inherited by
future generations. Examples of inherited cancers, for which a specific oncogene has been iso-
lated, include:

® retinoblastoma — cancer of the eye (found in children)
® Wilms’ tumour — cancer of the kidney (also found in children)
® familial breast cancer.

Environmental factors

Turning now to the link between cancer genes and environmental factors, the frequency of the
cancer-causing mutations, and the seriousness of their effects, can be altered by a large number
of environmental factors (Jorde et al., 2009). Chemicals that cause mutations in cells can cause
cancers, and so it is appropriate to describe these particular chemicals as carcinogens. In addition,
there are other environmental agents that may enhance the development of genetically altered
cells but do not cause new mutations. So, it would seem that it is often the interplay of genes
with environmental factors that leads to carcinogenesis and they cannot be viewed in isolation
(Jorde et al., 2009).
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Environmental factors, such as chemicals, radiation and viruses, can cause cancer by increasing
the frequency with which cells mutate. Environmental agents that cause cancer are known as
carcinogens, and most carcinogens are mutagens (they increase the frequency of mutations).
What is apparent is that most of the agents that are known to cause cancer (carcinogenesis) also ‘
cause genetic changes (mutagenesis), whilst factors that cause genetic change also cause cancer.

Many environmental agents are known to be carcinogenic, and include things such as:

radiation
alcohol
chemicals
some foods
air pollution
smoking
viruses.

At the same time, however, most human cancers appear to arise spontaneously, and develop
without any known prior exposure to a carcinogenic agent, but this may be because the carcino-
genic agents have not yet been identified.

Radiation

® Ultraviolet radiation — ultraviolet (UV) sunlight (or solar radiation) causes basal cell carcinoma
and squamous cell carcinoma (see Chapter 18). These are two common cancers that are found
in people who have pale skin with a light complexion. This type of radiation causes mutations
in two tumour suppressor genes. In addition, the very malignant pigmented moles known as
melanomas are linked to the amount of exposure to UV light.
® |onising radiation —the list of carcinomas caused by ionising radiation is extremely long, and
includes:
acute leukaemias in adults and children
thyroid cancer
breast cancer
lung cancer
stomach cancer
cancer of the colon
oesophageal cancer
urinary tract cancer
multiple myeloma.

lonising radiation is thought to inhibit cell division. This is of particular importance where the
cells only live for a short time, which leads to rapid cell division, e.g.:

lymphocytes

cells of lymphoid tissue
bone marrow cells
intestinal epithelial cells.

The developing fetus is especially at risk, even at such low doses that may not cause any prob-
lems to adults. This is because during pregnancy, fetal organ development occurs very early and
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at an extremely rapid rate; therefore, even small doses of radiation can completely alter the
integrity of the cells and hence normal development. This is why pregnant women — especially
in the early stage of pregnancy — should not have X-rays taken (unless there is no alternative and
their condition is life-threatening).

Smoking

It has been known for a long time that cigarette smoking is carcinogenic, and that it remains one
of the most important causes of cancer. A hundred years ago, lung cancer was a rare disease, but
as the incidence of cigarette smoking increased, so the incidence of lung cancer rose to epidemic
proportions. Smoking not only leads to lung cancer, it also increases the incidence of cancer of
the bladder, pancreas, kidney, larynx, oral cavity and oesophagus. The reason for this is that there
are 20 carcinogens in tobacco smoke that can cause tumours.

Diet

Many toxic, mutagenic and carcinogenic chemicals can be found in the human diet. Sources of
toxic carcinogenic substances within our diet include various compounds that are produced during
the cooking of fat or protein. In addition, there are naturally occurring carcinogens that are associ-
ated with plant food substances, e.g. alkaloids and by-products of moulds/fungi.

Alcohol

Alcohol is linked with increased rates of incidence of oral cancer and cancer of the pharynx, larynx,
oesophagus and liver — particularly if taken with large quantities of tobacco in the form of ciga-
rettes, cigars and in pipes. Alcohol interacts with smoke, and this increases the risk of malignant
tumours. Although the rationale for this is not proven, it is thought that it acts possibly as a solvent
for the carcinogenic smoke products. Alcohol consumption has also been linked to breast cancer
and colorectal cancer.

Sexual and reproductive behaviour

The possible mechanism for the carcinogenesis of cervical and other cancers of the sexual organs
is a viral infection transmitted between sexual partners. According to Lowy et al. (2008), the age
of first sexual intercourse allied to the number of sexual partners (or the number of sexual partners
of a partner) are the major factors leading to the risk of the development of cervical cancer.

Certain types of the human papillomavirus (HPV) are known to be a cause of cervical cancer.
HPV has also been identified with many other cancers of the anogenital region, such as cancers
of the penis, vulva and anus (Lowy et al., 2008).

Environmental pollution

Because of the huge quantities of air that humans inhale every day (about 20 000 L), even small
amounts of carcinogens and other pollutants in the atmosphere can cause problems. There is
particular concern with the industrial emissions of pollutants, such as arsenic, benzene, chloro-
form and vinyl chloride, but there are many others (Chameides, 2010). Consequently, it is recog-
nised that living close to certain industries is a risk factor for developing certain cancers, although,
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again, other factors have to be taken into account — particularly lifestyle factors (such as drinking
and smoking as discussed earlier). According to McCance (2010b), indoor pollution is generally
considered to be a greater risk than outdoor pollution, partly because of second-hand or environ-
mental tobacco smoke.

Along with smoke, another indoor air pollutant of significance is radon gas — this is a natural
radioactive gas that is present in certain soils (e.g. granite). It can become trapped in houses and
produce carcinogenic radioactive decay products (Lubin, 2010).

Occupation

Exposures to carcinogenic substances as a result of one’s occupation have been recognised for a
long time as being a cause of cancer. In Victorian times, for example, there was a high incidence
of testicular cancer amongst boy chimney sweeps.

Asbestos accounts for the largest number of occupational cancers in recent years, although that
is improving as the risks of asbestos have become common knowledge. What is particularly of
concern is that a combination of asbestos exposure and cigarette smoking can lead to a significant
increase in the risk of lung cancer (Frost et al., 2011). In actual fact, a large percentage of cancers
of the upper respiratory tract, lung, bladder and peritoneum can be linked causally to various
occupational factors.

Hormones

The relationship between hormones and human cancer has been widely studied. Hormones, such
as steroids, can be immunosuppressive. However, much of the current research on hormones and
cancer focuses on the sex steroids, which include:

® oestrogen
® progesterone
® testosterone.

According to McCance (2010b), most evidence to date supports the role of hormones as pro-
moters of carcinogenesis in target tissues rather than as primary carcinogens. However, oestrogen
is now being seen as a cause of cancer, but its exact mechanism is unknown.

Oral contraceptives

Some studies have found that oral contraceptives have little effect on the risk of breast cancer in
most women (Rosenberg et al., 2009), whilst other studies (Kabat et al., 2010) have identified
subgroups of women using oral contraceptives who have an increased risk of breast cancer. These
subgroups include:

women who have used oral contraceptives for many years prior to the age of 25 years
those who used them before 1971

extended use before the first full-term pregnancy

use at the age of 45 years or older

history of biopsy-confirmed benign breast disorders

nulliparous, premenopausal women, with an early menarche

women with only one child

family history of breast cancer.
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In contrast, complete/incomplete pregnancies and the use of oral contraceptives reduce the
risk of ovarian cancer. This is because ovarian cancer appears to develop from the epithelial cells
on the ovarian surface, and the main stimulus for division of these cells is ovulation itself. What
happens is that after each ovulation, epithelial cells then replicate in order to ensure that the
exposed surface of the ovary (following ovulation and release of the egg) is covered. So, those
factors that help to prevent ovulation also help to protect against ovarian cancers. The risk of
endometrial cancer is reduced by 55% in women who have taken oral contraceptives for 5 years,
as opposed to those who have not used oral contraceptives. In addition, it is also thought that
oral contraceptive usage may reduce colorectal cancers (Long et al., 2010).

Male hormones

The male sex hormone (i.e. testosterone) actually stimulates the growth of target tissues for
cancers, such as the prostate — hence the risk of benign or malignant prostate tumours.

Viruses

There are a group of viruses, known as oncogenic viruses, that can cause cancers, e.g.:

papovaviruses
adenoviruses
herpesviruses
hepadenoviruses.

Burkitt lymphoma and nasopharyngeal carcinoma are caused by the Epstein-Barr virus (EBV),
whilst HPV is found in cervical cancer (Moore and Chang, 2010).

Following the diagnosis of a cancer, the patient will be told the stage that the cancer has reached.
The stage of a cancer at the time of diagnosis can give an indication of the likely prognosis for
the patient. The staging system is linked to the spread of the cancer (metastasis). The common
sites for the metastatic spread of cancer include the brain, the lungs, the bones and the liver
(Figure 2.4).

There are four general cancer stages — although most types of cancer also have specific staging
criteria (Colbert et al., 2011):

Stage 1 — no spread of the cancer from the original site of the cancer.

Stage 2 — the cancer has spread to neighbouring tissues.

Stage 3 — the cancer has spread to nearby lymph nodes.

Stage 4 — the cancer has spread to tissues and organs in other parts of the body.

Cancers that have started to spread have a much poorer prognosis than cancers that are still
confined to their original site. Stage 1 cancers have a much better chance of responding to treat-
ment, whilst Stage 4 cancers are very often terminal. Consequently, the earlier a patient is diag-
nosed, the better the chances of overcoming cancer.
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Figure 2.4 Common sites and symptoms of cancer metastasis.

Signs and symptoms of cancer

Cancers can present in many ways depending upon the type of cancer and where it is situated,
e.g. the brain, kidney, blood or breast, but there are some common factors to most of them:

general run-down condition (general malaise, anorexia/loss of appetite, loss of weight)
marked change in bowel or bladder habits

nausea or vomiting for no apparent reason

bloody discharge of any kind; failure to stop bleeding in the usual time

presence of swelling, lump or mass anywhere in the body

any change in the size or appearance of moles or birthmarks

unexplained stumbling

unexplained pain (or persistent crying of an infant or child).

The problem that the healthcare provider has in diagnosing cancer is that these signs and
symptoms can be related to many other medical conditions. This is why there is sometimes a
delay in diagnosing cancer until the cancer has developed and may have started to metastasise.
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Whilst there are different treatments for different cancers, there are certain principles and types
of treatment that are generally accepted as standard. There are six types of treatment that are
mainly used at the moment — depending upon the individual cancer and patient:

drug therapy

radiation therapy
immunotherapy
surgical removal
hormone therapy
photodynamic therapy.

The first, very important, point to make is that the earlier the cancer is diagnosed and treatment
begins, the better will be the prognosis. If the cancer is still localised (i.e. it has not spread to
other parts of the body) at the time of diagnosis, then the plan would be the removal of the
primary cancer by surgery, accompanied by drug therapy and/or radiation therapy (King and
Robins, 2006). Unfortunately, not all cancers are amenable to surgery, e.g. the blood cancers such
as leukaemias and lymphomas.

If the cancer is detected late, or if surgery does not remove all of the primary cancer and
metastasis occurs, then other forms of treatment are necessary — mainly drug therapy and radio-
therapy. In this scenario, it is often not possible to cure the cancer and the treatment is based on
preventing the growth of the cancer, or at least slowing it down.

Drug therapy

The other name for drug therapy is chemotherapy, and there are two different types of chemo-
therapy that are used in the treatment of cancer:

® cytotoxic chemotherapy
® cytostatic chemotherapy.

The difference between the two types of chemotherapy is that cytotoxic chemotherapy has the
potential to cure a patient, whereas cytostatic drugs are not able to get rid of the cancer but can
prevent it growing too large.

Side effects

Unfortunately, because all these drugs affect normal cells as well as cancerous cells, treatment
using these drugs can cause many severe side effects (Perry, 2008). These side effects can include:

® Secondary cancers, including leukaemia — these can occur because the normal blood cells,
including the white blood cells which form a major part of the immune system (see Chapter
3), are particularly sensitive to many of these drugs, and a reduction in white blood cells can
lead to further tumours arising because of a lack of immune surveillance.

® |Infections — a reduction in white blood cells can leave the body open to serious infections,
including septicaemia, because the immune system has been compromised.

® Sterility —the germ cells in the ovaries and testes are also very sensitive to these chemothera-
peutic drugs and young people in particular can become sterile as a result of the treatment.
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® Hair loss — this occurs because the cells of the hair follicles are rapidly dividing (as can be
seen from the speed at which hair grows), and as some chemotherapeutic drugs target rapidly
dividing cells because cancerous cells are themselves rapidly dividing cells, normal rapidly
dividing cells are also destroyed.

® Nausea and vomiting — these are frequent side effects of chemotherapy because the drugs
can activate the centres in the brainstem that can cause vomiting.

® Skin damage — these occur in the same way that hair loss occurs because skin cells have to
rapidly replicate to replace the skin cells that are damaged with normal wear and tear.

Radiation therapy

lonising radiation damages cell DNA. Once the DNA of a cell is damaged, one of three results can
occur,:

® the death of the cancerous cell

® the cell becomes so severely damaged that any changes in its environment will cause it
to die

® the cell becomes damaged but can eventually repair itself.

Radiation therapy attempts to kill the cancer cell, but as with chemotherapy, normal cells can
also be killed by the radiation.

Immunotherapy

Current attempts at using immunotherapy to cure tumours are based on the idea that the immune
system can eradicate existing tumours by means of immune surveillance and thus the modification
of immune system cells may be a pathway to cancer therapy (Ljunggren and Malmberg, 2007).
Immunotherapy is still not standard therapy in clinical practice, but recent advances show promis-
ing results in areas such as prostate therapy (Drake, 2010).

Surgical removal

Surgical therapy is used when the cancer has not yet spread. In addition, it is generally agreed
that if there is any chance that local lymph nodes may be involved but there is no evidence that
the disease has spread, then the lymph nodes should also be removed.

As with chemotherapy, there are two types of surgery — surgery to cure the disease and pallia-
tive surgery. Palliative surgery, which means alleviating the symptoms without curing the cancer,
has two purposes:

® to prevent symptoms that would have occurred without the surgery
® to relieve symptoms that are already present.

Hormonal therapy

Hormonal therapy has been used for some years now. Although the way in which this works is
not really known, but it is thought to work by blocking receptors on the cancerous cells, it prevents
a cell from receiving normal growth stimulation signals.

Examples of hormones being used in cancer therapy include:

® corticosteroids — used in leukaemias, malignant lymphomas, Hodgkin’s disease and breast
cancer
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® androgens — used in breast cancer
® oestrogens — used in breast cancer and prostate cancer.

Photodynamic therapy

Light on its own does not damage cells, whether they are malignant cells or normal cells. However,
when light combines with oxygen, it can have a serious effect on photosensitive chemicals such
as porphyrins (an example of a porphyrin is haemoglobin which binds and transports oxygen in
the body). It is now possible to produce a drug consisting of a modified porphyrin and to give it
systemically; then the target cancer can be eliminated by using a special light that is focused on
the cancer and not the surrounding tissues. This can cause the death of the malignant cells of the
cancer. Photodynamic therapy has now been successfully used to treat:

® cancers of the bladder

® head and neck cancers

® cancer of the oesophagus

® skin cancers

® non-small cell lung cancer.
Gene therapy

This is still experimental, but there is work ongoing that is looking at using the fact that genetics
plays an important part in the causes of cancer. The eventual hope is that it will be possible to
replace the affected genes with normal ones.

Although the treatment of cancers has improved dramatically over the last 20 years or so, it is still
better to try and prevent cancers occurring in the first place. As was discussed earlier, there are
many environmental and lifestyle factors that play a part in causing the development of cancers.
These include smoking, diet, alcohol, occupation, sexual behaviour and UV radiation. By reducing
or even removing these factors it is possible, to a large extent, to prevent many cancers occurring,
although, because of the genetic factors previously mentioned, cancers will never go away.

Increasing fruit and vegetable intake has the potential to reduce the risk of getting several
cancers, including bowel cancer, breast cancer, cancer of the mouth, larynx and nasopharynx, and
even lung cancer. In addition, bowel cancer and breast cancer, amongst others, can be prevented
by reducing smoking as well as the intake of alcohol. A reduction in meat and alcohol intake, along
with an increase in eating more fruits and vegetables, can reduce bowel cancer by as much as
70%. A diet that includes increased amounts of fruit and vegetables and reduced amounts of fat
and alcohol can reduce breast cancer by as much as 40% if started before puberty (15% if started
after puberty), whilst a diet high in fruit and vegetables can prevent an estimated 25% of lung
cancers — in both smokers and non-smokers. So, it can be seen that diet is one environmental
factor that can be used to reduce the incidence of many cancers.

For many years now, the link between smoking and lung cancer has been well known and well
documented, although there are still many arguments about the role of passive smoking as a
cause of lung cancer.

Taking sensible precautions in strong sunshine can prevent a lot of skin cancers, particularly the
very malignant melanomas.

In addition to considering environmental factors as a means of preventing cancer, there are
also certain drugs that can help to reduce cancers. For example, tamoxifen has been found to
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prevent breast cancers, particularly in women from families who carry a genetic defect that causes
breast cancer. The major risk factor for breast cancer is excessive oestrogen production and
tamoxifen is an anti-oestrogen drug, which is why it helps to prevent breast cancer. However, in
a major trial in the United States, it was found that women who took tamoxifen had twice as
many endometrial cancers than the control group, in addition to a higher-than-expected incidence
of problems such as pulmonary embolus and deep vein thrombosis. However, because the risk
probability of developing breast cancer for some women in families who carry the breast cancer
gene defects is as high as 80%, many of them believe that the risk of developing these other
problems is outweighed by the risk of developing breast cancer if tamoxifen is not taken (King
and Robins, 2006).

The fifth most common cause of cancer deaths in women is ovarian cancer and oral contracep-
tive pills have been found to be effective against endometrial and ovarian cancer. In fact, it is so
effective against ovarian cancer that oral contraceptive pills have now halved the risk of develop-
ing it.

Another drug that appears to prevent a particular type of cancer, colon cancer, is aspirin. Colon
cancer is the third most important cause of cancer-related deaths in both men and women. It is
not only aspirin that is effective, but also non-steroidal anti-inflammatory drugs that are taken for
arthritis and similar diseases.

Finally, it is necessary to look at the potential role of vaccines in preventing various cancers.
There have been many approaches that have been used to develop vaccines for use in the treat-
ment of cancer. At present, prophylactic approaches to cancer focus on the use of vaccines that
will induce immunity to viruses that are known to be associated with the development of
a tumour, in the same way that any vaccination induces immunity to the causative organism,
e.g. measles, mumps or rubella. An example of a vaccine in use to give immunity to a cancer is
the HPV vaccine. HPV vaccines prevent the development of cervical carcinoma because HPV is
a known cause of cervical cancer (Leggatt and Frazer, 2007).

Another possible vaccine against a virus that causes cancer would be a vaccine against hepatitis
B, and such a vaccine would reduce the incidence of liver cancer. As we are able to identify other
cancers that are caused by viruses, this prophylactic measure of vaccination against those particu-
lar viruses could help to prevent these cancers and save many lives.

In contrast to the use of vaccines against viruses that cause cancer, most other tumour vaccine
approaches are designed to enhance or to initiate effective tumour immunity in patients who
already have cancer.

Acute lymphoblastic leukaemia

Case study

Sarah Vaughan is a 34-year-old accountant who is married with no children. She has recently
been diagnosed with acute lymphoblastic leukaemia (ALL) following a history of recurrent
fevers, easily bruised skin and a general feeling of lethargy and weakness. Diagnosis was con-
firmed by blood tests and a bone marrow biopsy, which Mrs Vaughan found rather unpleasant.
Mrs Vaughan has been advised that she will undergo treatment in three stages, including total
body irradiation after which she will have to avoid going out in the sun for several months.
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Take some time to reflect on this case and then consider the following.

1.  Mrs Vaughan is slightly unusual in presenting with ALL. Which adult patient groups are most
likely to develop ALL?

2. What are the three stages of treatment for ALL?

3. What is total body irradiation, why is it carried out and why will Mrs Vaughan need to avoid
direct sunlight afterwards?

4. Mrs Vaughan is of child-bearing age. What should she be told about her fertility now and in
the future?

ALL is a primary disorder of the bone marrow in which the normal marrow cells are replaced by
immature or undifferentiated blast cells. When the quantity of normal marrow is depleted to
below the level necessary to maintain peripheral blood cells within normal ranges, then the fol-
lowing occur:

® anaemia
® neutropaenia
® thrombocytopaenia.

The exact cause of ALL is unknown, but the following are suspected of being involved in the
development of this disease:

environmental causes

infectious agents (especially viruses)
genetic factors

chromosomal abnormalities.

ALL is the most common malignancy in children, with over 400 new cases diagnosed in children
under the age of 15 years each year in UK, with the incidence being higher amongst Caucasian
children. ALL is classified according to the cell type involved.

ALL results from the growth of an abnormal type of leucocyte in the bone marrow, the spleen
and the lymph nodes. These abnormal cells have little cytoplasm and a round nucleus — they
resemble lymphoblasts. With ALL, the normal bone marrow cells may be displaced or replaced.
The changes that occur in blood and bone marrow result from an accumulation of leukaemic cells
and a deficiency of normal cells:

® Red cell precursors and megakaryocytes from which platelets are formed are decreased,
leading to anaemia, bleeding and bruising.

® Normal white cells are decreased, which makes the patient liable to pick up infections.

® The leukaemic cells may infiltrate into the lymph nodes, spleen and liver, so causing a diffuse
adenopathy and hepatosplenomegaly.

® The increase in the size and amount of marrow and/or this infiltration of leukaemic cells
causes bone and joint pain.

® Invasion of the central nervous system (CNS) by leukaemic cells can lead to headaches, vomit-
ing, cranial nerve palsies, convulsions and coma.
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® \Weight loss, muscle wasting and fatigue occur when the body cells are deprived of nutrients
because of the immense metabolic needs of the proliferating leukaemic cells.

Therefore, the signs and symptoms of ALL are:

an increase in lethargy and general malaise
persistent fever of unknown cause

recurrent infection

prolonged bleeding (e.g. after dentistry)

bruising easily

pallor

enlarged lymph nodes

pain, particularly abdominal, bone and joint

CNS involvement leading to headache and vomiting.

Treatment and prognosis

The treatment for ALL includes:

® supportive therapy, including:
control of infections, anaemia, bleeding, etc.

® specific therapy, including:
cytotoxic chemotherapy — e.g. dexamethasone, vincristine, imatinib, asparaginase,
methotrexate
radiation therapy
bone marrow transplantation (BMT) to replace the damaged marrow with non-cancerous
marrow.

The prognosis of ALL is good these days — almost 80% of children (Vrooman and Silverman,
2009) and 40% of adults survive more than 5 years. However, later relapses can still occur after
long remissions.

Lung cancer

Case study

Geoffrey Simpson is a 72-year-old pensioner with a history of a non-productive cough and
occasional chest pain. Recently he has noticed blood in his handkerchief when he coughs and
he states he has been losing weight but puts it down to his loss of appetite. Following a CT
scan and bronchoscopy he has been diagnosed with Stage 4 non-small cell lung cancer and
bony metastases. The treatment plan is for chemotherapy to treat the primary tumour and
biphosphonate drugs and radiotherapy for the bony metastases. Mr Simpson retired from
the ship building industry 12 years ago and states he has never been a smoker, eats healthily
enough and only drinks moderate alcohol.
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Take some time to reflect on this case and then consider the following.

1. What is the difference between small cell lung cancer and non-small cell lung cancer?

2. Why is Mr Simpson’s previous employment a potential risk factor for lung cancer?

3. Why does Mr Simpson’s treatment plan include biphosphonate drugs and radiotherapy for
the bone metastases?

4. What are the statistics on 5-year survival for the different stages and types of lung cancer?

Lung cancer is the most common cause of death from cancer in men and the second most
common cause of death from cancer in women, and in 2008, it was calculated that it is responsible
for 1.8 million deaths each year throughout the world.

The causes of lung cancer are:

® The greatest cause is long-term exposure to inhaled carcinogens, particularly tobacco smoke.

® People who do not smoke tobacco may still get lung cancer, due to a combination of genetic
factors and exposure to passive smoking.

® Radon gas may also play a part in the development of lung cancer, as may air pollution.

Signs and symptoms of lung cancer are (Longo et al., 2011):

dyspnoea (difficulty in breathing)
haemoptysis (coughing up blood)
chronic cough and wheezing

chest or abdominal pain

cachexia, fatigue and loss of appetite
dysphonia (hoarse voice)

difficulty in swallowing.

Unfortunately, for many patients, by the time that they seek medical attention because the
symptoms have become so apparent, the cancer has already metastasised.

Treatment of lung cancer depends upon the particular type of lung cancer and how far it has
metastasised, but common treatments include:

® surgery
® chemotherapy, e.g. cisplatin and vinorelbine
® radiation therapy.

The 5-year survival rate for all types of lung cancer is very low, although again the earlier it is
diagnosed and treated, the better the long-term prognosis. Consequently, this makes the preven-
tion of this particular cancer a real priority.

Breast cancer

Throughout the world, breast cancer is the fifth most common cause of death from cancer (after
lung cancer, stomach cancer, liver cancer and colon cancer), whilst among women throughout the
world, breast cancer is the most common cancer (Ferlay et al., 2010). The incidence of breast
cancer has increased significantly since the 1970s, and this is partly explained by modern lifestyles
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Figure 2.5 Diagram of breast showing lobules and ducts.

in the Western world. Breast cancer is not purely a cancer of women, because males can also
have breast cancer, although this is less common than it is in females (Ottini et al., 2010). The
reason for this phenomenon is that the breast is composed of exactly the same tissues in both
males and females. The lifetime risk for getting breast cancer is 1 in 11 for women and 1 in 1000
for men (King and Robins, 2006). The 5-year survival rates for breast cancer in Europe are 77%
without metastasis, but only 40% once the cancer has metastasised (Sant et al., 2009).

There are different sorts of breast cancer (although these can overlap), including (Figure 2.5):

® ductal carcinoma (where the milk ducts become cancerous)
® lobular carcinoma (cancer of the lobules attached to the ducts)
® inflammatory breast carcinoma (diffuse cancer of the breast).

The causes of breast cancer have been mentioned earlier, particularly with regard to hereditary
breast cancer. In addition, the younger a woman is when her first child is born, the lower the risk
of her developing breast cancer (Trichopoulos et al., 2008).

Signs and symptoms of breast cancer can include (Figure 2.6):

painless/painful lump in the breast

a lump under the arm or above the collar bone (enlarged lymph nodes)

nipple discharge/bleeding from the nipple

oedema of the arms

nipple retraction

prominently visible veins in the breast

pitting of the skin of the breast (known as ‘peau d’orange’ because it resembles the skin of
an orange).
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Figure 2.6  Symptoms of breast cancer.

The ideal treatment for breast cancer is surgery — the main treatment when the tumour is
localised and has not metastasised, followed by:

® chemotherapy — before, after or instead of surgery where patients are unsuitable for
surgery

® hormonal therapy (e.g. tamoxifen) — once chemotherapy has been completed

® immunotherapy—e.g. trastuzumab (Herceptin®; a monoclonal antibody that slows the growth
of breast cancer cells)

® radiation therapy — to eliminate any microscopic cancer cells that may remain near the site
of the primary tumour following surgery.

Surgery can range from a simple lumpectomy (just involving the cancerous lump itself) to a
radical mastectomy — removal of the whole breast tissue and neighbouring lymph nodes (Marieb
and Hoehn, 2010).

Conclusion

Cancer is always an emotional subject because of the historically very high mortality rate associ-
ated with it. Over the past few years, great strides have been made in the prevention and treat-
ment of many cancers, but it still remains a tremendous challenge to researchers and clinical staff.
Greater knowledge of the biochemical, economic, social and psychological aspects of these dis-
eases has lead to a greater understanding of them and, in some parts of the world, an ability to
defeat, or at least ameliorate, many of them. However, it is certainly true that the incidences of
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many of them are increasing (even though they can be better treated). This is related to the facts
that many are diseases linked with old age, because they take so long to develop, and people in
many countries are living much longer. In the past, they would have died from other causes before
the cancers caused problems. So, there have been many triumphs in the treatment and preven-
tion of cancers, but there is no room for complacency.

Test your knowledge

How would the body normally prevent abnormal cells from growing and developing into
cancer cells?

What are the key steps in carcinogenesis (from a molecular biology standpoint as well as
clinically)?

Describe the contrasting roles of oncogenes and tumour suppressor genes in the develop-
ment of cancers.

What is the difference between cytotoxic and cytostatic chemotherapy?

Briefly discuss how ionising radiation can cause cancers, particularly with regard to the
fetus.

Explain how cancer drug therapy is related to the cell cycle.

Discuss the many ways of preventing cancer.

Activities

Here are some activities and exercises to help test your learning. For the answers
to these exercises, as well as further self-testing activities, visit our website at
www.wiley.com/go/fundamentalsofappliedpathophysiology
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Fill in the blanks

a Worldwide is the most common cause of death from cancer in .
Cancer of the breast can be one of three types: carcinoma which affects the
ducts, carcinoma (affecting the attached to the ducts)
or breast carcinoma, which is a cancer of the breast
The signs and symptoms of breast cancer include a in the breast,
or from the nipple, nipple and of the skin
( ). Treatments for breast cancer include chemotherapy,
therapy (e.g. tamoxifen), immunotherapy and A in the chances
of developing breast cancer can be brought about by changes such as reducing
intake and increasing the amount of and in the diet.

Choose from: Pitting; Ductal; Lobular; Bleeding; Fruit; Dietary; Tissue; Milk; Breast cancer;
Reduction; Discharge; Alcohol; Inflammatory; Lobules; Lump; Surgery; Vegetables; Hormo-
nal; Retraction; Diffuse; Women; Peau d'orange

Label the diagram

Using the list of words supplied,
label the diagram.

Lymphadenopathy; Haemoptysis; Vertigo; Hepatomegaly; Cough; Seizures; Pain; Headaches;
Fractures; Dyspnoea; Spinal cord compression; Jaundice
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Cytotoxic Mutagen Squamous

Germline Oederma Tumour

Immunotherapy Oestrogen Vaccine
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Further resources
J BMC Cancer

http://www.biomedcentral.com/bmccancer
This is an open access (i.e. free) cancer journal. Here you will find peer-reviewed articles on topics
ranging from cell biology to the psychological aspects of cancer.

British Cancer Journal

http://www.nature.com/bjc/index.html
This is a multidisciplinary cancer journal. Articles from each issue are available free of charge
immediately upon publication and all content is free to access for 12 months after publication.

Cancer Research UK

http://www.cancerresearchuk.org/
This is the website of one of the leading cancer research charities in the UK. Here you will find a
very useful and extensive information section and patient stories.

Cancer Symptoms

http://www.cancersymptoms.org/

This is a searchable website that includes the signs and symptoms of many forms of cancer
and information on cancer prevention. It also has a useful section about the side effects of
cancer treatments with tips on how to deal with them.

Inside Cancer

http://www.insidecancer.org/

This website provides multimedia presentations about cancer, including animated slide shows on
the biology of cancer, causes and prevention, and interviews with researchers in the field. A good
place to start.

< Glossary of terms

Adenopathy: the enlargement of lymph nodes.
Alkaloid: a naturally occurring chemical that is basic (i.e. not acidic).
Allele: a gene on one of a pair of chromosomes that codes for the

same physical or other feature as its corresponding one on the
other chromosome.

Anaemia: blood lacking in iron. often used to mean a deficiency in red
blood cells.
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Cancer

Angiogenesis:

Angiogenic growth factor:

Anorexia:
Antibiotic:
Antibody:

Antigen:

Apoptosis:

Basal cell carcinoma:

Benign:

Blast cell:

Cachexia:

Cancer:

Carcinogen:
Cell differentiation:

Cell division:

Colorectal cancer:

Cytoplasm:

Cytotoxicity:

Cytotoxic T lymphocyte:

Daughter cell:
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the growth of new blood vessels.

substance within the body that is involved in the development
of new blood vessels.

loss of appetite/weight.
a drug used to kill bacteria.

a protein in the blood that binds specifically to a particular
foreign substance (its antigen). It is a major part of the immune
system.

a foreign substance (e.g. an infecting micro-organism) that can
be recognised by the immune system and generates an
antibody response.

programmed cell death. It is a form of cell death in which the
cell activates an internal death programme; it is a form of cell
suicide.

a cancer involving the surface epithelium of the skin.

causes no problem. In cancer, it means a growth that is not
malignant.

an immature cell.

this is a syndrome that includes anorexia, weight loss,
anaemia, marked weakness, and altered protein, lipid and
carbohydrate metabolism. This most severe form of
malnutrition is often associated with the later stages of cancer.

unregulated growth of cells and tissue that are invasive and
able to metastasise.

something capable of causing cancer.
the process by which cells take on different roles.

the reproduction of cells to produce two identical daughter
cells. Also known as binary fission.

a cancer that involves the colon and the rectum.

the collective name for all the contents of the cell, including
the plasma membrane, with the exception of the nucleus.

lethal to cells.

a specialised white blood cell that is capable of destroying
other cells of the body that are damaged or have become
infected.

the resultant cell following cell division.
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Dysphonia:
Dyspnoea:
General malaise:

Germline cell:

Gray:

Haemoglobin:

Haemoptysis:

Hepatosplenomegaly:

Lymph node:

Lymphoblast:
Malignant:

Megakaryocyte:

Melanoma:

Menarche:

Metastasise:

Mutagen:

Mutation:

Neoplasm:

Nucleotide sequence:

Nulliparous:

Oncogene:

Oncogenic virus:

Ovulation:

Palliative:
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hoarse voice.
difficulty in breathing.
generally lethargic, with loss of appetite and loss of weight.

a sperm or egg that possesses genes that can be passed on to
offspring.

the unit that defines the amount of energy released from
radiation. It is usually abbreviated to Gy, and it replaces the
older unit of radiation energy, the ‘rad’, which was equivalent
to 0.01Gy.

a protein consisting of globin and four haem groups that is
found within erythrocytes (red blood cells). Responsible for the
transport of oxygen.

coughing up of blood.
enlarged liver and spleen.

part of the lymphatic system, it contains many white cells to
destroy bacteria that are trapped within the lymph node.

an immature lymphocyte (a white blood cell).

invasive, has a tendency to grow and may spread to other
parts of the body.

a large bone marrow cell that gives rise to platelets.

a cancerous outgrowth of melanocytes (pigmented cells of the
skin).

the time when the first menstruation occurs.

the spread of cancerous cells to other parts of the body — often
distant to the site of the original cancer.

something that can affect genes and cause changes
(mutations).

a change in one or several bases in DNA.

a new growth of tissue. It may or may not be malignant.
the sequence of the bases of DNA that make up genes.
never having given birth to a viable infant.

a gene that contains proteins that contribute to
carcinogenesis.

a virus that causes cancers.
the release of eggs from the ovary.

easing the situation — making it better, but not a cure.
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Porphyrins: an important group of several protein pigments involved in
various processes — bound to the iron in haemoglobin.

Precancerous cell: a cell that is at the stage before it becomes cancerous.

Precursor: something that will eventually turn into something else (e.g. a
red cell precursor will eventually become a red cell).

Premenopausal: the period before the end of menstruation (i.e. the menopausal
period).

Primary cancer: the tumour that first appears; the site of this first cancer.

Prognosis: a predication about how a person’s disease will progress.

Prophylactic: preventative.

Proto-oncogene: a gene that, due to mutation, can become an oncogene.

Radiation therapy: the use of ultraviolet or ionising radiation to treat cancer.

Solute: a substance that is dissolved in liquid (solvent).

Solvent: the liquid in which solutes are dissolved.

Somatic cell: a cell that possesses genes that are not passed on to offspring

(i.e. cells of the body other than the sperm and ova).

Spleen: an organ in the abdomen that removes and destroys old,
damaged or fragile red blood cells. Also, it has an important
role to play in immunity.

Squamous cell carcinoma:  a cancer involving squamous cells, usually of epithelial tissue.

Terminal cancer: cancer that cannot be cured and leads to death.
Thrombocytopaenia: a deficiency in thrombocytes (platelets).

Toxic: a substance that is poisonous or damaging to something else.
Tumour: lump in or on the body caused by the abnormal growth of

cells. It can be either malignant or benign.

Tumour suppressor gene:  a gene whose function is to suppress the growth and
development of tumours.

Vaccine: a substance that can be given to a host in order to provoke an
immune response and therefore confer immunity on the host
without making the host severely ill (e.g. polio vaccine).

Vector: an organism that houses parasites and transmits them from
one host to another. A prime example is the mosquito that
transfers the malaria parasite to humans. Also, a means of
carrying a substance so that it can be transferred to
somewhere else. Viruses are often used as vectors to transfer
genes to where they are required in gene therapy.
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Pathogen

Virus

Infectious response
Phagocytes
Micro-organism
Reservoir of infection
Immune system
Inflammatory response
Bacterium

Vaccination

Lymphocytes

Test your prior knowledge

List the ways in which bacteria are transmitted.
How does a virus cause disease?
Describe the roles of tears within the immune system.

What are the physical signs of inflammation?

Learning outcomes

On completion of this chapter the reader will be able to:

List and describe the various types of infectious micro-organisms that affect humans.
Discuss how infectious diseases are transmitted to humans.
Outline the components of the immune system and their functions.

Explain the process of inflammation and its role in tissue repair.
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/\ Don’t forget to visit to the companion website for this book (www.wiley.com/go/
fundamentalsofappliedpathophysiology) where you can find self-assessment tests
to check your progress, as well as lots of activities to practise your learning.

From the moment that someone is born and for the rest of their life, they are constantly in danger.
Some of the dangers come from inside the body and are known as genetic defects, whilst others
come from external sources. Two of the dangers that beset everyone throughout life are infectious
diseases and injuries. Fortunately, the human body has inbuilt mechanisms to protect it from
these dangers, namely the immune system and wound healing.

Infectious diseases occur as a result of invasion of the body by micro-organisms, which cause
damage to the tissues of the body. Every infectious disease is characterised by an interaction
between the responses of both the infected human host and the infecting organism. Micro-
organisms are everywhere — they colonise humans, animals, food, water and soil, and infectious
diseases are acquired by humans following contact with an exogenous pathogen present within
a reservoir of infection.

The immune system, which is actually an intricate system of cells, enzymes and proteins, is the
system that has evolved within humans (and other animals) to protect against these infectious
pathogenic micro-organisms. In particular, the white blood cells are essential to the functioning
of the immune system. This chapter will describe these and the other elements of the body that
constitute the immune system. It starts by looking at the micro-organisms that can cause disease
and then at how the immune system fights these micro-organisms and how it helps to heal
injuries.

Micro-organisms are microscopic cells that either live in the environment, on the skin or inside
bodies. They can cause infectious diseases if two conditions are met:

® they are in the right conditions to allow their growth and reproduction
® they are in the right location for their growth and reproduction.

These conditions are important because different micro-organisms have differing and some-
times exacting needs for their growth and reproduction. If environmental conditions are not right,
they will not flourish. However, once the conditions are right for them, micro-organisms multiply
at an astonishing rate within the host tissues, causing destruction or degeneration so that the
host becomes unwell and cannot function properly.

It is not actually the presence of micro-organisms that is the problem, rather it is the fact that
during their growth and reproduction (as well as part of the protection against the immune
system) they produce waste products known as toxins, and it is these that cause the problems.
However, not all of these micro-organisms pose problems for humans. In actual fact, humans
need bacteria to help to break down food and digest it. These bacteria are known as commensal
bacteria.

Unfortunately, even commensal micro-organisms can become pathogenic if they find them-
selves in the wrong place. For example, micro-organisms that live in the colon and are beneficial
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may invade the urinary bladder where they become pathogenic because they are in the wrong
place. A good example of this is Escherischia coli (E. coli) which normally lives in the colon. If
however it migrates to the bladder, then it causes cystitis. When infections are caused in this way,
they are known as endogenous infections (‘endogenous’ means ‘from within’ — in this case the
body). All other infections are known as exogenous infections — they come from outside of
the body.

The causative organisms of infectious disease in humans can be transmitted from the reservoir
of infection in one of 10 ways:

droplet spread

air currents (airborne transmission)
aerosol

water

direct contact

soil

inoculation

faecal-oral route

vector

contaminated intermediates.

Droplet spread

Microbial organisms are spread in mucous droplet nuclei that travel only short distances — less
than 1 m from the reservoir to the host. This spread can come from coughing and sneezing (as
discussed later), but also by talking or laughing. In one sneeze, 20 000 droplets may be produced
and expelled from the person who is the reservoir. Droplet transmission should not be confused
with airborne transmission — although there are many similarities. Disease-causing organisms that
do not spread more than 1 m from the host reservoir are not regarded as airborne, because they
are not carried on currents of air, but instead rely upon the force of the expulsion to travel the
short distance to a new host. Examples of disease spread by droplet transmission include:

® influenza
® pneumonia
® pertussis (whooping cough).

Air currents (airborne transmission)

Airborne transmission refers to the spread of agents of infection by droplet nuclei in dust. These
droplets may spread by more than 1 m from the reservoir to the host.

A good example of droplet transmission is what happens during sneezing and coughing.
When someone coughs or sneezes, they expel a fine spray into the air around them. That spray
is made up of many, many droplets of mucus that could contain infectious micro-organisms. These
droplets of mucus and bacteria/viruses are small and light enough to remain airborne for a long
time. Consequently, anyone coming into contact is likely to breathe in the mucus/bacteria/virus
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droplets, and so become infected in turn. Infectious micro-organisms that can be spread in this

way include:

® measles

® tuberculosis (TB)

® staphylococcal and streptococcal infections
°

certain fungal diseases (spread by the spores), such as histoplasmosis.

Aerosol transmission

Both domestic and industrial water supplies are sources of aerosol transmission. It has a similar
action to that which occurs with droplet transmission, except the reservoir is water, rather than
another human. If someone with asthma is given salbutamol via an aerosol, this works quickly
because the drug carried in the tiny droplets of water is able to get to the lining of the respiratory
tract very quickly. The same thing happens with aerosol transmission of infectious organisms.
Examples of diseases that are spread by this method include:

® Legionnaires’ disease
® tuberculosis (TB).

Water transmission

In waterborne transmission, pathogens are usually spread by water that has been contaminated
with untreated or poorly treated sewage. The pathogenic organisms enter the host by contact
either with the mucosa or broken skin. Examples of infections spread through water include:

® |eptospirosis — often picked up from rat urine whilst swimming in a river

® schistosomiasis (commonly known as bilharzia) — caused by a fluke (similar to a worm), which
is a parasite found in fresh water snails that inhabit the edges of major waterways, such as
the River Nile (Re, 2004).

Contact transmission

Contact transmission is the spread of an infectious organism by direct or indirect contact. Direct
contact transmission is also known as ‘person-to-person transmission’. This is the direct trans-
mission of an infectious organism by physical contact between its present host and a susceptible
recipient host. The most common forms of direct contact transmission are:

® touching
® kissing
® sexual intercourse.

There are many diseases that can be transmitted by direct contact:

viral respiratory tract diseases (e.g. the common cold, influenza)
staphylococcal infections (e.g. septicaemia)

hepatitis A

measles
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scarlet fever

sexually transmitted infections (e.g. syphilis, gonorrhoea, genital herpes)
infectious mononucleosis (glandular fever)

human immunodeficiency virus (HIV).

Potential pathogens can also be transmitted by direct contact with animals (or animal products)
to humans, e.g. rabies and anthrax.

Indirect contact transmission occurs when the infectious micro-organism is transmitted from
its present reservoir to a potential susceptible host by means of a non-living object.

Soil

Soil has already been mentioned as a potential reservoir for infectious micro-organisms. The route
of entry from the soil into the body is usually by a skin lesion. Infection can occur:

® when playing sport on a contaminated playing field
whilst gardening or farming on soil that has been fertilised with animal manure
® any fall on contaminated ground in which the skin becomes broken.

Examples of infectious diseases that can occur from soil include:

® tetanus
® gas gangrene.

Inoculation

Inoculation can be accidental, e.g. by being bitten or scratched. Examples of infections caused in
this way include:

® cat scratch disease
® rabies.

Inoculation happen following an injection as can occur with healthcare professionals not taking
proper precautions, or by someone injecting themselves with drugs. Examples of infections con-
tracted in this way include:

e HIV
® hepatitis B.

Faecal-oral route

This transmission of infectious micro-organisms can occur in several ways:

® Hand-to-mouth — this is seen particularly in young children who may be exploring their anal
area, and then put their hands in their mouths.

® Sewage-contaminated food or water — this occurs particularly if fresh vegetables, salads and
fruit are not properly washed before being eaten. It is a particular problem in certain places
where human sewage is used to fertilise fields in which salads are grown.

® Certain sexual practices in which there is oroanal stimulation (‘rimming’).
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Examples of infectious diseases transmitted via this route include:

® gastro-enteritis
® enteric fevers.

Vector transmission

This is commonly held to be inoculation by the bite of a sucking arthropod (such as a ‘tick’), which
is also a host, but there are other types of vector transmission. Vectors are animals that carry
pathogens from one host to another. Arthropods are the most important group of disease vectors.

Contaminated intermediates

This is caused by indirect contact transmission, and it occurs when the infectious micro-organism
is transmitted from its initial reservoir to a potential susceptible host by means of a non-living
object. These non-living objects, or inanimate intermediates, are called fomites. Examples of
fomites include:

clothes, bedding and towels
tissues and handkerchiefs
drinking cups and eating utensils
toys.

Fomites can transmit infections such as (Tortora et al., 2011):

® chicken pox
® staphylococci and streptococci infections
® tetanus.

Case study

Mr Brian Hendrich, a 66-year-old retired town planner, was discharged from hospital 8 days
ago following a large bowel resection for diverticular disease. He had been attending his GP
practice for wound dressing changes as his wound was not healing well and had started to
become painful, inflamed and to discharge purulent fluid. He has been admitted to a surgical
ward for exploration and possible debridement of the infected wound. Swabs taken from the
wound reveal that it is growing meticillin-resistant Staphylococcus aureus (MRSA).

Take some time to reflect on this case and then consider the following.

1. What is MRSA and what are its common causes?

2.  What measures need to be taken whilst Mr Hendrich is in hospital to prevent cross-infection
to other patients?

3. Outline the treatment protocol that Mr Hendrich will require to treat his MRSA infection.
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Chapter 3

There are many different types of micro-organism that can infect humans, and each of them
requires different environmental conditions in which to survive, grow and reproduce, as well
as different modes of transfer to humans. Some of them are more well known to humans than
others, and perhaps the three most well-known micro-organisms are:

® bacteria

® viruses

e fungi.
Bacteria

Bacteria come in a great many sizes and shapes (Figure 3.1), and their diameter ranges from 0.2

to 2.0 um, whilst their length ranges from 2 to 8 um.

There are three basic shapes of bacteria, namely:

® spherical (known as a coccus), e.g. streptococcus, staphylococcus
® rod-shaped (known as a bacillus), e.g. diplobacillus, streptobacillus

® spiral (known as a spiral), e.g. vibrio, spirochetes.

Cocci

Cocci are usually round, but they can also be oval, elongated or even flattened on one side. When
cocci divide to reproduce, the cells can remain attached to one another. Cocci that remain in pairs
after dividing are called diplococci. Cocci that divide and remain attached in chain-type patterns
are called streptococci. Cocci that divide and form grape-like clusters are known as staphylococci

(Figure 3.1).
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Figure 3.1 Shapes of bacteria.
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Bacilli

Most bacilli appear as single rods. However, those that appear in pairs after they have divided are
called diplobacilli. Those that occur in chains are known as streptobacilli, whilst those that have
a more oval shape are called coccobacilli (Figure 3.1).

Spiral

Spiral bacteria have one or more twists — they are never straight. Bacteria that look like curved
rods are called vibrios. Spirella have a helical shape. Spirals that are helical and flexible are known
as spirochetes (Figure 3.1).

Bacterial reproduction

Bacteria reproduce by means of simple fission, also known as binary fission (Figure 3.2). Initially
in reproduction, the DNA divides into two and then a transverse wall or septum divides the cyto-
plasm of the cell. The cell then eventually divides into two, so that there are two daughter cells
from each cell, which are clones of the parent cell (see Chapter 1).

Viruses

Viruses are obligate intracellular parasites, and they vary from 20 to 200 nm in size, e.g. the polio
virus is 30 nm in size, whilst vaccinia virus (the cause of chicken pox) is 400 nm in size — as big as
a small bacterium.

Viruses have varied shapes and chemical composition, but unlike bacteria (or human body
cells), they do not contain RNA and DNA —containing onlyRNA or DNA.

Infection of host cells

Figure 3.3 illustrates the stages involved in viral replication.
First, the virus has to be transmitted, and the commonest ways are:

® via inhaled droplets (e.g. rhinovirus — causes the common cold)
® in food and/or water (e.g. hepatitis A — causes hepatitis)

()= 9= (o

1. Single cell 2. Nucleus elongates 3. Nucleus divides
4. Protoplasm divides 5. Two daughter cells

Figure 3.2 Bacterial reproduction — simple fission.
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Figure 3.3 Viral replication.

® Dby direct transfer from other infected hosts (e.g. HIV)
e from the bites of arthropods (such as mosquitoes) that are acting as vectors (e.g. yellow
fever).

Fungi

Fungi are characteristically multicellular organisms with a thick cell wall. They may grow as thread-
like filaments known as hyphae, although there are many other forms of growth that occur with
fungi. Of these other forms of fungi, the most familiar to us are the single-celled yeasts, and of
course the mushrooms.

Fungi are free-living organisms and common causes of local infections on skin and hair. However,
a number of fungi are also associated with significant disease, and many of these are acquired
from the external environment. Pathogenic species invade tissues and digest material externally
by releasing enzymes. They also take up nutrients directly from host tissues — as do all good para-
sites. The various forms of fungi are illustrated in Figure 3.4.

Protozoa

Protozoa are single-celled micro-organisms that range in size from 2 to 100 um. Many species of
protozoa are free-living (i.e. they can exist outside of a cell). Some protozoa are important para-
sites of humans. Infections are most prevalent in tropical and subtropical regions, but they can
also occur in temperate regions.

Although protozoa can cause disease directly (e.g. by the rupture of red cells in malaria), usually
the pathology of a protozoal infection is caused by the immunological response of the infected
host. Most protozoal infections are actually not life-threatening, unless the infected host has a
compromised immune system. The very obvious exception to the previous statement concerns
malaria, which kills more than 1.5 million people every year (most of whom are young children,
with an immature immune system).
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Figure 3.4 Typical fungi shapes. (a) Cryptococcus neoformans, (b) Candida albicans,
(c) Microsporum canis, (d) Histoplasma capsulatum, (e) Epidermophyton floccosum, (f) Trichophyton
mentagrophytes, (g) Aspergillus fumigatus, (h) ringworm infection of the hair.

Rickettsiae, chlamydiae and mycoplasmas

Rickettsiae

Rickettsiae belong to a group of pathogens that, whilst physically/anatomically belonging to bac-
teria, also have certain similarities with viruses. They are Gram-negative rod-shaped bacteria or
coccobacilli. Perhaps the best-known disease that they cause is typhus. They are maintained in
animal reservoirs and are transmitted by the bites of ticks, fleas, mites and lice.

Chlamydiae

Chlamydiae are very small bacteria that are also obligate intracellular parasites.

The majority of chlamydial infections are genital and acquired during sexual intercourse. Asymp-
tomatic infection is common, especially in women; however, in men it is usually symptomatic.
Chlamydiae enter the host through minute abrasions in the mucosal surface, where they bind to
specific receptors on the host cells and enter the cells by ‘parasite-induced’ endocytosis.

Mycoplasmas

Mycoplasmas are also tiny bacteria (actually smaller than large viruses), which differ from normal
bacteria by the fact that they lack cell walls, and consequently are not rigid structures. They can
produce filaments that resemble fungi. Because of their small size and the fact that they lack rigid
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cell walls and therefore have a degree of plasticity, they were originally considered to be viruses.
In fact, according to Tortora et al. (2011), viruses can be considered the smallest cell type and can
replicate only in the living cells of an organism. There are several species of mycoplasma, and in
humans, some species may cause atypical pneumonia, pelvic inflammatory disease, pyelonephri-
tis and puerperal fever. Mycoplasma pneumoniae is transmitted from person to person by
the airborne route, whilst Mycoplasma hominis and Mycoplasma genitaleum are transmitted by
sexual contact (Goering et al., 2012; Tortora et al., 2011).

Helminths

‘Helminth’ is the correct term for all sorts of parasitic worms that infect the body. As far as the
human body is concerned, there are three main groups of parasitic worms that cause disease:

® tapeworms
® flukes
® roundworms.

Tapeworms and flukes are also known as flatworms, because they have flattened bodies. They
also have muscular suckers and/or hooks to enable them to attach themselves to the host. Round-
worms, on the other hand, have long cylindrical bodies, and they generally lack any specialised
attachment organs.

Helminth infestations are commonest in warmer countries, although intestinal species of
helminth may also occur in temperate regions.

Transmission

Infestation by helminths can occur after:

swallowing eggs or larvae via the faecal-oral route

swallowing larvae in the tissues of another host (e.g. beef, pork, fish)
active penetration of the skin by larval stages

the bite of an infected blood-sucking insect vector.

Many helminths live in the intestines, whilst others live in the deep tissues, but almost any part
of the body can be infested by these parasitic helminths. Flukes and nematodes actively feed
on the host tissues or on the contents of the intestines. Tapeworms, on the other hand, have no
digestive system and therefore have to absorb predigestive nutrients from the host.

Case study

Agnes Muretembi, a 24-year-old Nigerian woman, has been admitted to a medical ward com-
plaining of joint and loin pain, generalised weakness and hair loss. On admission, her vital signs
are: temperature 37.2°C, pulse 9o beats/minute, respiratory rate 16 breaths per minute and
blood pressure 100/65 mmHg. She is noted to have a butterfly-type rash on her face.

Following further investigation, a provisional diagnosis of systemic lupus erythematous
(SLE) is made.
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Take some time to reflect on this case and then consider the following.

1. What is SLE?
2. Plan the care that Miss Muretembi will require.
3.  What ongoing health advice will Miss Muretembi require?

Immunology is the study of the immune system and its effects on the body and on invading micro-
organisms. However, the immune system does more than just protect the body from invasion
by micro-organisms and it is linked to many different organs and cells of the body. The immune
system is an intricate system of cells, enzymes and proteins, which together protect the body by
making it resistant (i.e. immune) to infection by micro-organisms (bacteria, viruses, fungi) as well
as larger organisms such as worms.

The lymphatic system consists of the:

tonsils and adenoids

thymus gland

lymph nodes

spleen

appendix

patches of lymphoid tissue in the intestinal tract.

The circulatory system consists of the:

bone marrow

lymphocytes (white blood cells)
phagocytic cells (white blood cells)
dendritic cells

thrombocytes (platelets)
complement proteins.

The lymphatic system

The lymphatic system is similar to the blood system and consists of a specialised system of lymph
vessels (similar to blood vessels) and specialised lymph nodes and tissue. Unlike the circulatory
system, the lymphatic system does not have a heart to pump the lymph around. Instead, the
lymph (which fills the lymph vessels) is pushed around the body by a combination of contractions
of the smooth muscular walls of the lymph vessels, as well as the flexing and relaxing of striated
muscle in the body due to the movement of the individual.

The peripheral lymphatic system consists of lymphatic vessels, lymphatic capillaries and encap-
sulated organs. These organs include the:
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Palatine tonsil
Submandibular node

Cervical node

Right internal jugular vein
Right lymphatic duct
Right subclavian vein

Thymus
Lymphatic vessel
Thoracic duct

Cisterna chyli

Intestinal node

Large intestine

Appendix
Red bone marrow

Lymphatic vessel

Figure 3.5 The lymphatic system.

® spleen
® tonsils
® lymph nodes.
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Left internal jugular vein

Left subclavian vein

Thoracic duct
Axillary node

Spleen

Aggregated lymphatic
follicle (Peyer’s patch)
Small intestine

lliac node

Inguinal node

(b)

A
reas drained by
right lymphatic and
thoracic ducts
Area drained by
right lymphatic duct

Area drained by
thoracic duct

The lymph vessels and capillaries form an extensive network throughout the body (Figure 3.5)
and connect the organs of the body to the lymphoid organs, such as the spleen, and the lymph
nodes. Lymph originates from plasma that leaks from the blood capillaries, and it drains into the
lymphoid organs from nearby organs of the body. The lymph nodes act like fishing nets that trap
harmful toxins and infectious organisms from the blood, and allow the very high concentrations
of immune cells (in this case lymphocytes) to destroy them.
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Figure 3.6 Lymph node.

The lymphatic capillaries join together to form larger lymphatic vessels, and lymph glands are
found throughout the lymphatic system — they are like railway stations on a railway network. All
the lymph eventually arrives at two large lymph glands — the thoracic duct and the right lymphatic
duct. These two lymph ducts then empty into the great veins of the neck, and this restores fluid
and proteins to the venous circulation.

Lymphoid tissue

Lymphoid tissue consists of lymph glands (lymph nodes; Figure 3.6), which are the size and shape
of a broad bean, and lymphoid tissue, which is found in specific organs such as the spleen, bone
marrow, lung and liver.

A lymph node is made up of a mesh of cells, and the lymph containing any antigens from
infected tissues and antigen-bearing cells passes through this mesh. Within the lymph gland,
lymphocytes and phagocytes are found in large numbers, so that they can destroy invading micro-
organisms that have been trapped in the lymph node.

Other lymphoid organs

The spleen collects antigens from the blood for presentation to phagocytes and lymphocytes. The
spleen also collects, and disposes of, dead red blood cells.
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Types of immunity

There are two types of immune defence system:

® non-specific (or innate) immunity
® specific (or acquired) immunity.

Non-specific inmunity

Non-specific immunity is the immunity with which we are born; hence its more common name
‘innate immunity’.

The innate immune system can be divided into four different components, although there is
some overlap of functions:

physical barriers
mechanical barriers
chemical barriers
blood cells.

Physical barriers

These include skin and mucosal membranes. The skin acts as a physical barrier to prevent infec-
tious organisms and other material, such as dirt, from getting to the more delicate and unde-
fended organs within our body. However, skin is not only a physical barrier, but also a chemical
barrier in that sweat produced from the skin is bactericidal. Unfortunately, skin as a physical
barrier does have weaknesses, namely the various orifices that connect the internal body to the
outside, including the mouth, nose, urethral opening and anus.

There thus needs to be some other type of protection, and the body has that in the form of
mucosal membranes, which coat all the passageways between the internal organs and the outside
world. Mucosal membranes contain secretions that are also bactericidal as well as secreting large
amounts of antibodies.

Mechanical barriers

Actions involving cilia, coughing, sneezing and tears are included in this section.

Cilia are the tiny hairs that are found in the nose. They are constantly moving like coral under
the sea and they move mucus containing dirt and micro-organisms away from the inside of the
body, where they can cause problems, to the outside of the body.

Sneezing and coughing work by pushing any micro-organisms or irritants out of the body and
into the atmosphere. With each sneeze or cough, millions of viruses are expelled into the atmos-
phere, and this means that there are fewer viruses in the body to cause even worse problems.
This is very effective for the person who is coughing and sneezing, but unfortunately it means
that there are all these viruses in tiny droplets suspended in the air, just waiting for someone else
to come along and breathe them in, and in turn becoming infected with these viruses.

Tears are also a mechanical barrier. They wash any dirt particles or micro-organisms away from
the eyes. Tears are also a chemical barrier because they contain a bactericidal enzyme known as
lysozyme.
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Chemical barriers

Some of the components that are involved as chemical barriers have already been mentioned
above. Chemical barriers include:

tears

breast milk

sweat

saliva

acidic secretions, including stomach acid
semen.

Most of these secretions contain either bactericidal enzymes, such as lysozyme, or antibodies.
In addition, bacteria have great difficulty in surviving in acidic secretions and are often killed if
the environment is too acidic.

Blood cells

As well as the defences mentioned above, the innate system includes certain blood cells, namely
leucocytes (white cells) and thrombocytes (platelets).
The actual white cells involved in the innate immune system are:

neutrophils

monocytes and tissue macrophages
eosinophils

basophils

mast cells.

There are several different types of cells that are involved with the innate immune system.

Phagocytic cells

Phagocytic cells include:

® mononuclear phagocytes (these are the monocytes and macrophages)
® polymorphonuclear phagocytes (neutrophils)
® eosinophils.

A phagocyte is a cell that ingests micro-organisms, such as bacteria, as well as other foreign
matter, such as dirt in a wound and wood splinters, as well as any of the body’s cells that are
recognized by the immune system as being ‘foreign’ or ‘non-self’ cells through a process called
phagocytosis (Figure 3.7). The neutrophils and eosinophils contain enzymes that are released
when the phagocyte ingests a micro-organism. These enzymes help to break down the ingested
micro-organism, so that the cell can utilise what it wants for its own needs, and expel the rest as
waste matter.

Mediator cells

A second group of cells of the innate immune system (the basophils and mast cells) are more
accurately described as the helper cells of the immune system. They do not actually destroy the
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Figure 3.7 Phagocytosis.

invading micro-organisms by phagocytosis, but they help the phagocytes to do so. These mediator
cells work by releasing various chemicals that have several actions. For example, some of these
chemicals improve the inflammatory response to infection and injury, whilst others help the
phagocytic cells to reach the micro-organisms. Although not usually thought of as being part of
the immune system, platelets are included because they help to block off and close any cuts and
breaks in the skin, and so prevent invading micro-organisms from getting inside the body.

Specific immunity

It is specific immunity that gives the body immunity to specific pathogenic micro-organisms, and
it consists of lymphocytes (white blood cells) that target specific invading micro-organisms. This
allows for a much more concentrated attack on pathogenic micro-organisms that have broken
through the body’s initial defences.

Immune problems

The immune system underpins just about all of health and so if anything goes wrong with it, then
there can be serious problems for the body. The things that can go wrong include:

® Immunodeficiencies — the immune system is not working properly.
® Autoimmune diseases — the immune system in a person is working too well and attacking
cells of the person’s own body.

There are two types of immunodeficiency — primary and secondary. Primary immunodeficiency
occurs as a result of genetic mutations, whilst secondary immunodeficiency has an external
cause, such as infection (HIV) or chemicals. Both types of immunodeficiency can range from very
mild to life-threatening, and the treatment consists of supportive care — antibiotics and other
similar drugs, as well as improvement of nutrition and general well-being. In addition, some
immunodeficiencies may be helped by the injection of immunoglobulins (antibodies) to replace
the patient’s own. With secondary immunodeficiencies, it may be possible to remove the cause
of the immunodeficiency. For example, if the immunodeficiency is caused by a drug (such as is
given in chemotherapy for cancer — see Chapter 2), once the drug has been discontinued, then
the immunodeficiency resolves.
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Autoimmunity is often caused by an overreaction of the immune system to an antigen, which
can lead to the immune system attacking the body’s own cells. Examples of autoimmune diseases
include:

® Diabetes — the immune system attacks the cells in the pancreas that secrete insulin).
® Rheumatoid arthritis — the cells of joints, such as fingers and knees, are attacked by the
immune system.

There is a third type of disease caused by a malfunctioning immune system — allergy. An allergy
is a raised immune response to an allergen (something that causes an allergy, such as peanuts,
dust, or pollen). As with immunodeficiencies, allergies can range from very mild to life-
threatening.

Inflammation is the body’s immediate reaction to tissue injury or damage. This damage can be

caused by:

® physical trauma

® intense heat

® irritating chemicals

® infection by viruses, fungi or bacteria.

The inflammatory process (Figure 3.8) involves the movement of white cells, complement and
other plasma proteins into a site of infection or injury (Rabson et al., 2004).

TRAUMA

N

Damage to
skin/tissues

\ Vasodilatation

Leads to swelling (oedema) Leads to extra white blood Leads to the movement
heat, redness and the cells and plasma proteins in of platelets and clotting
stimulation of nerve area — destruction of bacteria factors — stops bleeding
endings (pain) and the removal of pus and repairs damage

THE INFLAMMATORY PROCESS AND WOUND HEALING

Figure 3.8 The inflammatory process.
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There are fundamental signs and symptoms of any tissue or bony injury, and these include the
following four classic signs of inflammation at the site of the injury:

e swelling
® Dpain
® heat
® redness.

There may also be:

nausea
sweating

raised pulse

lowered blood pressure.

These last few symptoms and signs are the body’s response to the pain and to shock, but in
terms of immunology, the first four signs and symptoms are important.

Although inflammation does cause pain and other problems, it actually has beneficial proper-
ties and effects (Marieb, 2011):

® Prevention of the spread to nearby tissues of infectious micro-organisms and other damaging
agents.

® Disposal of killed pathogens and cell debris.

® Preparation for repair of the damage.

Inflammation can be defined clinically as the presence of swelling, redness and pain. It is usually
initiated by injury to cells and tissues of the body. Following this injury/damage, three processes
occur at the same time:

® Mast cell degranulation — the release from the mast cells into the tissues of granules contain-
ing serotonin and histamine. These work with the following two processes to provide the
complete inflammatory signs and symptoms.
® The activation of four plasma protein systems:
complement (helps to orchestrate the inflammatory response)
clotting (stops bleeding and repairs damage)
kinin (involved in vascular permeability)
immunoglobulins (destroys bacteria)
all of which work together to support the inflammatory process — activate and assist inflam-
matory and immune processes, and also play a major role in the destruction of bacteria.
® The movement of phagocytic cells to the area in order to phagocytose bacteria or any other
non-self debris in the wound.

Summary of inflammation
The timetable of a typical inflammatory response to tissue in injury is:

® Arterioles near the injury site constrict briefly.
® This vasoconstriction is followed by vasodilatation which increases blood flow to the site of
the injury (redness and heat).
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e Dilation of the arterioles at the injury site increases the pressure in the circulation.

® This increases the exudation of both plasma proteins and blood cells into the tissues in the
area.

® This exudation then causes oedema (swelling).

® The nerve endings in the area are stimulated, partly by pressure (pain).

® The clotting and kinin systems, along with platelets, move into the area and block any tissue
damage by commencing the clotting process.

® White blood cells — phagocytes and lymphocytes — move into the area and start to destroy
any infectious organisms in the vicinity of the trauma.

® These phagocytes and protein cells, along with the substances they produce, act at the site
of the trauma in order to kill any bacteria or other micro-organisms in the vicinity, but just
as importantly they will remove the debris that results from the coming together of the micro-
organisms/other non-self matter and the forces of the immune system; this includes exudates
and dead cells, also known more commonly as pus.

® These systems/blood cells/tissue cells will remain in the area until tissue regeneration (repair)
takes place. This is known as resolution.

Thus inflammation can be summed up as the presence of (Traske et al., 2009):

vasodilation — redness/heat
vascular permeability — oedema
cellular infiltration — pus
thrombosis — clots

stimulation of nerve endings — pain.

This chapter commenced by looking at infectious diseases. An infection is the result of invasion
of the body by micro-organisms, which cause damage to its tissues. Infectious disease are char-
acterised by the interaction of the responses of both the infected human host and the infecting
organism.

Micro-organisms are everywhere — they colonise humans, animals, food, water and soil. Infec-
tious diseases are acquired by humans following contact with an exogenous pathogen present
within a reservoir of infection. Such reservoirs include:

active human carriers of the disease

human carriers of the causative organism

animal cases of disease or carriers of the organism
the inanimate environment.

More than 70 bacteria, viruses, fungi and parasites have been identified as pathogenic infecting
organisms that are capable of causing serious diseases in humans. Vaccines are available against
some of these, and work continues to find vaccines for almost all the bacteria, and viruses and
parasites .

Vaccines tend to mimicand enhance the body’s own defences against invading micro-organisms —
the immune system. The immune system is an extraordinary system, with the continued co-
operation of all its components with each other being necessary for continued good health and
protection against infecting micro-organisms.
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Test your knowledge

e What are the differences between a pathogenic micro-organism and a commensal
micro-organism?

® How are the following infectious diseases transmitted?
rabies
HIV
enteric fevers
tuberculosis
influenza
tetanus

® Discuss the effectiveness of physical, chemical and mechanical barriers to infection and
what they consist of.

® What are the organs of the lymphatic system?

® Briefly discuss the signs and symptoms of an inflammatory response and explain what
causes them.

Activities
f'\ Here are some activities and exercises to help test your learning. For the answers

[E— to these exercises, as well as further self-testing activities, visit our website at
w www.wiley.com/go/fundamentalsofappliedpathophysiology

The body’s immune system is a and integrated collection of and
that the body against . It includes cells such as T cells,

, B lymphocytes (the that produce ), macro-

phages and many more. Organs, and involved in the immune
include the , tonsils, , and bone

. Immune cells are patrolling the body and to any foreign

, including , , , , or cancer cells.

Choose from:

Reacting; Bacteria; Complex; Protects; Tissues; Toxins; Thymus; Organs; Glands; Viruses;
Spleen; Marrow; Cells; Disease; Phagocytes; White blood cells; Antibodies; Lymph nodes;
Continually; Parasites; Substance; Response


http://www.wiley.com/go/fundamentalsofappliedpathophysiology
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Label the diagram

Using the list of words supplied, label the diagram.

Trabecula; Capsule; Efferent lymphatic vessels; Outer cortex; Hilum; Valve; Afferent lymphatic
vessel; Inner cortex
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AVERT

http://www.avert.org

This is the website of a charitable organisation that supports and builds partnerships with local
organisations who are working directly to avert the spread of HIV and AIDS. Students will find
it useful as it provides a wide range of information to educate people about HIV/AIDS across the
world.

CELLS alive!

http://www.cellsalive.com/index.htmlCells alive!

Another useful website for students looking for visual images of human cells. CELLS alive! repre-
sents 30 years of capturing film and computer-enhanced images of living cells and organisms for
education and medical research. The majority of the site is free to access. There is a stock video
library on a range of subjects, both live recording and computer animation.

National Resource for Infection Control (NRIC)

http://www.nric.org.uk

This is a useful resource for students who wish to increase their knowledge in relation to healthcare-
associated infection and its prevention. NRIC is an online project developed by healthcare profes-
sionals, and aims to be a single-access point to existing resources within infection control for both
infection control practitioners and all other healthcare staff.

The Biology Project

http://www.biology.arizona.edu/immunology/tutorials/immunology/main.html
This online interactive resource for learning biology contains a good resource for immunology.

The Department of Health (DH)

http://www.dh.gov.uk

The DH exists to improve the health and well-being of people in England and the website provides
policy, guidance and publications for NHS and social care professionals. There are a number of
useful resources relating to HIV/AIDS for students wishing to understand more about this area.

HIV tutorial (University of Utah)

http://library.med.utah.edu/WebPath/TUTORIAL/AIDS/HIV.html

This is a short tutorial on HIV from the University of Utah’s WebPath service. It covers prevention
of infection, mechanism of infection, HIV structure and function, HIV-2, establishment and dynam-
ics of HIV infection, immunodeficiency, genetic variability of HIV, transmission of HIV, primary HIV
infection, onset of AIDS, persistent generalised lymphadenopathy (PGL), AIDS-related complex
(ARC) and clinical AIDS.


http://www.avert.org
http://www.cellsalive.com/index.htmlCells
http://www.nric.org.uk
http://www.biology.arizona.edu/immunology/tutorials/immunology/main.html
http://www.dh.gov.uk
http://library.med.utah.edu/WebPath/TUTORIAL/AIDS/HIV.html
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Department of Health - E. coli outbreak

http://www.dh.gov.uk/en/Publichealth/index.htm

This website concerns public health — improving and safeguarding public health and well-being.
The Department of Health is responsible for health protection, health improvement and health
inequality issues in England. The most up-to-date issue discussed on this site is: Outbreak of
Haemolytic Uraemic Syndrome in Germany - Verotoxin producing Escherichia coli (VTEC).

< Glossary of terms

Antibody:

Antigen:

Asymptomatic:

Autoimmunity:

Bacteria (single = bacterium):

Bactericidal:

Commensal:

Complement:

Contaminated intermediate:

a protein in the blood that binds specifically to a particular
foreign substance (its antigen). It is a major part of the
immune system.

a foreign substance (e.g. an infecting micro-organism)
that can be recognised by the immune system and
generates an antibody response.

an infection in which the infected person shows no
symptoms of infection.

an overreaction of the immune system to an antigen,
which can lead to the immune system attacking the
body’s own cells.

a single-celled micro-organisms that can infect the body,
but also may work with the body to the mutual benefit of
both (symbiosis). E. coliis an example of a bacterium that
can be both beneficial to the body and dangerous to it,
depending upon the type of E. coli and where it is found
within the body.

deadly to bacteria — kills them.

a micro-organism that does not cause any problems to a
human and may even be beneficial. The opposite of a
pathogen.

a series of enzymatic proteins that work together to aid
the immune system by means of being involved in the
processes of opsonisation, chemotaxis and the death of
bacterial cells.

something that is itself contaminated and can
contaminate something else. It acts as a ‘go-between’ for
the infectious organism and the targeted potential host.


http://www.dh.gov.uk/en/Publichealth/index.htm

Cystitis:

Degranulation:

Dilate:

Endocytosis:

Endogenous:

Enteric fever:

Enzyme:

Exogenous:

Fluke:

Fungi:

Helminths:

Herd immunity:

Histamine:
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inflammation of the urinary bladder — usually as a result of
colonisation by an infectious micro-organism.

the release of granules into the tissues from certain cells,
particularly mast cells, eosinophils and basophils, which
contain them. These granules contain, amongst other
substances, serotonin and histamine, and these
substances cause some of the signs and symptoms of
inflammation

to widen.

the general name for the various processes by which cells
ingest foodstuffs and infectious micro-organisms.

from inside the body; in the case of infections, the
infecting micro-organism is already present in the body
before becoming infectious.

another name for typhoid or paratyphoid fever.
a protein that speeds up chemical reactions.

from outside the body (e.g. an infectious organism that
comes from outside of the body).

a type of flattened worm (similar to helminths) that can
cause schistosomiasis or liver fluke infestation.

micro-organisms that combine to form larger structures
that can be seen by the naked eye. Include yeasts as well
as fibrous forms.

also known as intestinal worms. These worms exist as
parasites in the human intestines, although other types of
helminth can live in the blood, lymph system or liver
(some are even known to live in the eye).

a natural population of people (the herd) who are immune
to a particular infection. This can be achieved by the
population having natural immunity to the infectious
organism, or it may be induced by means of vaccination.
This means that anyone within that population who may
not be immune to the infection will still have only a low
chance of becoming infected because there is so little of
the infecting organism in existence within that population.

a substance that causes constriction of smooth muscle,
dilates arterioles and capillaries, and stimulates gastric
juices. See serotonin.
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Histoplasmosis:

Hyphae:

Immunodeficiency:

Immunoglobulin:

Kinin:

Legionnaires’ disease:

Leptospirosis:

Micro-organism:

Mucous membrane:

Obligate intracellular parasite:

Oedema:

Parasite:

Passive immunisation:

Pathogen:

Pelvic inflammatory disease:

a respiratory infection caused by inhaling the spores of the
fungus Histoplasma capsulatum (found in soil
contaminated with bird or bat droppings).

tubular filament-like threads that make up certain fungi.

a deficiency in the structure or functioning of the immune
system — it can be either secondary (with an external
cause) or primary (usually with a genetic cause).

another name for antibody. Antibodies are opsonins that
are manufactured by the B-cell lymphocytes and help the
phagocytic cells to destroy invading micro-organisms.

a substance released during inflammation that causes
vasodilation and increased capillary permeability; also
attract phagocytes. The primary kinin is bradykinin.

a form of pneumonia caused by the bacterium Legionella
pneumophila. 1t breeds in warm, moist conditions, such as
central heating water, and is transmitted via water
droplets, such as occur when taking a shower.

a disease that often affects the liver and kidneys and is
caused by a bacterium found in the urine of rats. Also
known as Weil's disease.

any living self-contained organism that can only be seen
when under a microscope (e.g. bacteria and viruses).

thin sheet of tissue lining a part of the body that secretes
mucus. Cover all the passageways leading into or out of
the body (e.g. the mouth, nose, bronchi, urethra).

a micro-organism that is obligated to reproduce inside
cells.

the abnormal collection of fluid in the tissues. It may be
localised (following an injury = swelling) or generalised
(as in heart failure).

an organism living on or in another organism, and
obtaining nourishment at the expense of the organism
that is not parasitic.

rather than stimulating the person’s own immune system
to produce antibodies, the actual antibodies are given to
the person.

a micro-organism that causes problems —is ‘infectious’.

an inflammation of the internal female reproductive
organs.




Phagocytosis:

Prostaglandin:

Protozoa:

Puerperal fever:

Pus:

Pyelonephritis:

Reservoir of infection:

Salbutamol:

Schistosomiasis:

Serotonin:

Submandibular area:

Symptomatic:
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the method by which some cells ingest large particles,
including whole micro-organisms.

complex unsaturated fatty acid produced by the mast cells
and acting as a messenger substance between cells.
Intensify the actions of histamine and kinins. They cause
increased vascular permeability, neutrophil chemotaxis
and can induce pain.

the simplest and most primitive type of micro-organism,
although bigger than a bacterium. Examples of protozoa
include those that cause malaria and sleeping sickness.

also known as puerperal sepsis, this is an infection of the
female genital tract. It occurs within 10 days of childbirth,
a miscarriage or abortion.

a thick green or cream fluid found at the site of a bacterial
infection. It consists of millions of dead white blood cells
of the immune system as well as dead bacteria.

inflammation of the kidney — usually as a result of
bacterial infection.

the place where infectious micro-organisms reside before
infecting people (e.g. human or animal carriers of the
disease, or certain environments). For a disease to
perpetuate itself there must be a continual source of the
organisms that cause that disease.

a bronchodilator drug used in the treatment of asthma — it
widens the bronchial tubes to allow asthmatics to breathe
more easily.

a tropical disease caused by a fluke (schistosoma) and
contracted by bathing in a river infested by such
schistosomes.

a neurotransmitter found in the central nervous system
that is released from platelets in response to injury,
trauma or infection. Along with other substances, such as
histamine, it causes temporary, rapid constriction of the
smooth muscles of large blood vessel walls and dilation of
the small veins (venules). This results in increased blood
flow and increased vascular permeability. Associated with
pain sensation.

the area just below the jaw (or lower mandible).

the infected person shows the signs and symptoms of the
infection, such as a raised temperature and respirations.
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Trypanosomiasis:

Vascular permeability:

Vector:

Virus:

a tropical disease caused by protozoa (Trypanosoma) that
is spread by the Tsetse fly that bites humans (and cattle);
also known as sleeping sickness after its main symptom.

the widening/dilating of blood vessels to allow fluid and
other matter to pass through easily.

an organism that houses parasites and transmits them
from one host to another. A prime example of a vector is
the mosquito that transfers the malaria parasite to
humans.

a very tiny micro-organisms that is parasitic in that it can
only multiply and survive within a cell that it has infected.
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Shock

Key words

® Anaphylactic shock
Anaerobic metabolism
Cardiac output
Distributive shock
Homeostasis
Hypovolaemic shock
Hypoperfusion
Neurogenic shock
Obstructive shock
Peripheral vasodilatation
Septic shock

Toxic shock syndrome

Test your prior knowledge

What does the cardiovascular system consist of?
What is homeostasis?
How is blood pressure maintained at a constant level?

List the different types of shock.

Learning outcomes

On completion of this chapter the reader will be able to:

Describe the different types of shock and their causative factors.

Describe the clinical presentation of the different types of shock.

Describe the pathophysiology and three stages of shock.

Understand the care of the patient in shock.

Chapter 4
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Don’t forget to visit to the companion website for this book (www.wiley.com/go/
fundamentalsofappliedpathophysiology) where you can find self-assessment tests
to check your progress, as well as lots of activities to practise your learning.

The cardiovascular system consists of the heart, blood and a vascular network composed of arter-
ies, veins, arterioles, venules and capillaries that work together to maintain tissue survival by
ensuring that an adequate and constant supply of oxygen and nutrients reaches the cells and that
metabolic waste products are removed.

Under normal circumstances, homeostasis is maintained by the four essential circulatory

components:

® blood/interstitial fluid volume
® blood flow

® vascular resistance

°

the ability of the heart to contract (myocardial contractility).

When one of these circulatory components fails, the others compensate. However, as compen-
satory mechanisms fail or if more than one of the circulatory components is affected, the cardio-
vascular system will fail to function, resulting in a state of circulatory shock (Sole et al., 2008).

Case study

Mr Raj Kumar is an 84-year-old man with carcinoma of the stomach who returned to the ward
an hour ago following surgery for a total gastrectomy. He has a Robinson’s drain in situ that is
draining small amounts of blood-stained fluid, a urinary catheter on hourly measurements of
urine output and an intravenous infusion of normal saline in progress. He is currently on half-
hourly observations of his vital signs and has been stable since his return from theatre.

Forty-five minutes later, Mrs Kumar asks you to check on her husband as she is worried
about him. On examination his pulse is rapid, weak and thready, and he is breathless and
hypotensive. His wound is oozing slightly, the Robinson’s drain is now full of blood-stained
fluid and there is approximately s mL of dark coloured urine in the urometer.

Take some time to reflect on this case and then consider the following.

What type of shock is Mr Kumar likely to be experiencing?

Discuss the signs and symptoms that Mr Kumar is experiencing.

Discuss the role of fluid therapy in managing Mr Kumar’s condition.

Outline the immediate care that Mr Kumar will require to prevent deterioration.

PwoNp
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Types of shock

Any condition that leads to a reduction in cardiac output can lead to circulatory shock;
consequently, the effects of shock are not limited to one organ system and can be considered
to be a general systemic reaction. However, shock is typically classified by its causative factors I
(Table 4.1). :

Table 4.1 Types of shock and common causative factors (Docherty and Hall, 2002).

Type of shock Common causative factors

Hypovolaemic shock External and internal fluid volume loss
Anaphylactic shock Repeated exposure to an antigen
Septic shock Gram-negative bacteria

Gram-positive bacteria

Neurogenic shock Spinal cord injury
Spinal anaesthetic
Brain injury
Vasomotor depression
Drug overdose
Severe pain

Cardiogenic shock Myocardial infarction
Cardiomyopathy
Valvular disease
Structural defects
Cardiac arrhythmias

Obstructive shock Cardiac tamponade
Pulmonary embolism

Hypovolaemic shock

Hypovolaemic shock is the most common type of shock (Monahan and Phipps, 2007) and occurs
as a result of fluid loss, including both blood loss, plasma loss and/or loss of interstitial fluid. Blood
can be lost from a bleeding organ or wound; however, the circulating volume can also be reduced
as a result of plasma loss, e.g. from extensive burns or damaged tissues, or excessive loss of
fluids from either renal impairment or inadequate fluid intake, e.g. dehydration. This loss of fluid
reduces the circulatory fluid in the blood vessels, leading to insufficient quantities of blood return-
ing to the heart. This poor venous return results in a decrease in cardiac output and subsequent
decrease in blood pressure, leading to a decrease in tissue perfusion and resulting in impaired
cellular metabolism and shock. Figure 4.1 outlines the physiological events leading to hypovolae-
mic shock.
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[ Hypovolaemic shock ]
|
[ Decrease in circulating volume ]
|
a [ Decreased cardiac output ]
I

HYPOTENSION

Decreased tissue perfusion ]

|—[ Impaired cellular metabolism ]

Figure 4.2 Hypovolaemic shock.

Cardiogenic and obstructive shock

Cardiogenic shock occurs when the heart ‘fails’ as a pump, resulting in abnormal cardiac function-
ing. Obstructive shock occurs when a mechanical or physical obstruction impedes the flow of
blood, e.g. a pulmonary embolism or tension pneumothorax.

Distributive shock

Three types of shock — anaphylactic, septic and neurogenic — are collectively known as distributive
shock (Figure 4.2). In these types, irrespective of the causative factors, widespread vasodilatation

[ Anaphylactic shock] [ Septic shock ] [ Neurogenic shock ]

[ Vasodilatation ]

|—[ Decreased peripheral vascular resistance]

|—{ Decreased cardiac output]
l—[ HYPOTENSION |
|—{ Decrease tissue perfusion ]
|—[Impaired cellular metabolism]

Figure 4.2 Distributive shock.
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and decreased peripheral vascular resistance are common features (Kanaparthi and Pinsky, 2011).
This type of shock differs from hypovolaemic shock in that the circulating blood volume remains
normal (Martini, 2011). However, cardiac output and blood pressure are impaired due to the
blood vessels losing their vasomotor tone, which leads to an increase in their diameter (vasodila-
tation). This leads to a decrease in peripheral vascular resistance, resulting in the blood collecting
or ‘pooling’ in the large veins and causing circulating blood volume to be abnormally distributed.
This results in blood pressure in the systemic circulation falling to such a low point that venous
return is so decreased that cardiac output becomes insufficient to perfuse the tissues adequately
and shock ensues (Figure 4.2).

Case study

Mr David Carter, a 29-year-old old builder, was working with others on a new construction at
a local district general hospital. Mr Carter had been tearing down some old guttering when he
encountered a wasp’s nest, and was stung several times by a large number of swarming wasps.
Immediately after this, he commented to his colleagues that, in addition to the pain of the
stings, he had begun to feel generally unwell, weak, lightheaded and nauseous. His work col-
leagues have brought him into the hospital’s accident and emergency department. On arrival,
Mr Carter reports that he has begun to feel worse and is complaining of increased weakness
and nausea, a tightness across his chest and some difficulty breathing. He also has several
raised hives on his face and arms.

Take some time to reflect on this case and then consider the following.

What type of shock is Mr Carter likely to be experiencing?

Discuss the signs and symptoms that Mr Carter is experiencing.

Discuss the role of epinephrine in Mr Carter’s care.

What health promotion advice would you give Mr Carter for the future?

wNR

Anaphylactic shock

This form of shock (also known as anaphylaxis) occurs following a widespread allergic or hyper-
sensitivity reaction to the presence of an allergen or antigen that can lead to severe circulatory
collapse within seconds (Resuscitation Council UK, 2012). Some common causes of anaphylaxis
are (Docherty and Hall, 2002):

antibiotics (penicillins and cephalosporins)

anaesthetic agents and muscle relaxants

aspirin and non-steroidal anti-inflammatory drugs, e.g. ibuprofen
blood products and plasma expanders

intravenous radiocontrast media

latex

food allergies, e.g. shellfish, eggs, nuts and dairy products

insect stings.
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Anaphylactic reactions can be either immunoglobulin E (IgE)-mediated or non-IgE mediated and
occur as a result of repeated exposure to an antigen or allergen (to which the individual has previ-
ously produced an antibody response), which results in an allergic response (Johnson and Peebles,
2004). The subsequent release of histamine causes vasodilatation of blood vessels, increases
vascular permeability (which results in loss of intravascular fluid volume) and constricts respiratory
smooth muscle (Smith and Bullock, 2010).

Signs and symptoms of anaphylactic shock can include:

sense of impending doom, anxiety and restlessness
altered levels of consciousness

severe air hunger

bronchospasm and dyspnoea

stridor caused by laryngeal oedema

urticaria (hives)

pruritus (itching)

rhinitis and conjunctivitis

abdominal pain, vomiting and diarrhoea

oedema of the lips, eyes, hands, neck and throat.

Septic shock

Septic shock is the most common type of distributive shock (Smeltzer and Bare, 2010) and occurs
as a result of widespread infection. This form of shock is most commonly associated with the
release of Gram-negative and Gram-bacteria into the bloodstream — a condition known as bacte-
riaemia in which the pathogen’s release of toxins into the bloodstream results in massive vasodila-
tation and hypotension.

Toxic shock syndrome is a form of septic shock that can occur in women who use tampons
during menstruation or in individuals who have body piercings, and is caused by Staphylococcus
aureus.

Neurogenic (vasogenic) shock

This is a rare form of shock which can occur following major brain or spinal trauma, emotional
trauma, severe pain or a drug overdose. The loss of sympathetic impulses causes a significant
decrease in peripheral vascular resistance. This results in massive vasodilatation, which affects
venous return to the heart and leads to a decrease in cardiac output, low blood pressure and a
reduction in blood flow (Table 4.1).

Shock is a severe, life-threatening clinical syndrome that can result in death, and is characterized
by inadequate tissue perfusion that results in impaired cellular metabolism. Shock manifests itself
as a syndrome within many diseases or traumatic injuries that may be life threatening and is
a state of insufficient oxygenation and perfusion to vital organs and tissues throughout the
body. Therefore, whilst the causes of shock are varied and the individual’s presentation may differ
according to this (Table 4.2), the end results (at a cellular level, e.g. cellular hypoxia/damage) are
the same (Jenkins and Tortora, 2013).
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Table 4.2 A summary of the clinical presentation of different types of shock.

Manifestation Hypovolaemic | Anaphylactic

Heart rate

Respiratory
rate

Blood pressure

Tachycardia
Tachypnoea

Hypotension

Tachycardia

Tachypnoea
and dyspnoea

Hypotension

Tachycardia
Tachypnoea

Hypotension

Bradycardia
Tachypnoea

Hypotension

Urine output Decreased Decreased Increased initially =~ Decreased
then oliguria
Temperature Within normal Within Initially raised Regulation
range normal range and then within disrupted,
normal range therefore may be
experiencing hypo/
hyperthermia
Skin Cool, pale Cyanosis, Initially flushed Cool, pale
swollen and warm (warm
oedematous shock), then cool
face, hands and pale
Mental state Restless and Restless and Restless and May be

unconscious due
to fainting or head
injury

anxious anxious anxious

Although the patient’s initial response to shock may vary as it is dependent on the individual’s
age and general state of health prior to the event leading to the shock state, three distinct
stages of shock are recognized and occur regardless of the type of shock experienced (Sole
et al., 2008).

Stage 1: Compensatory (non-progressive) stage of shock

A sufficient blood pressure is essential to adequately perfuse cells with oxygen and nutrients.
Shock begins when the blood pressure is unable to do this and the body then initiates a series of
compensatory mechanisms. During this stage, although the individual will be experiencing symp-
toms of shock, they are not at imminent risk of death and shock may be reversed if appropriate
interventions are initiated. In the early stages of compensatory shock, a set of neural, hormonal
and chemical compensatory mechanisms are initiated in an attempt to restore homeostasis and
maintain blood flow to vital organs, such as the heart, brain and kidneys.
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Neural compensatory mechanisms

The sympathetic nervous system regulates blood flow and pressure through its ability to increase
heart rate and total peripheral resistance. In the shock state, the baroreceptors and chemorecep-
tors located in the carotid sinus and aortic arch detect the reduction in blood pressure, and
impulses are relayed to the vasomotor centre in the medulla oblongata.

Hormonal compensatory mechanisms

Stimulation of the sympathetic nervous system causes the adrenal medullae to release the cat-
echolamines (epinephrine and norepinephrine), which increase the heart rate and force of
contractions to improve cardiac output. The coronary arteries vasodilate to increase blood flow
to the heart and meet its increasing demand for oxygen. The rate and depth of respirations will
also increase to try and increase gaseous exchange and oxygen levels in the blood (Sole et al.,
2008).

A fall in cardiac output will also impact on the renal system, which detects a decrease in blood
flow and pressure to the kidneys. This causes the kidneys to release renin, which converts
angiotensinogen into angiotensin I, and the latter is metabolised into angiotensin Il — a powerful
vasoconstrictor. The presence of angiotensin Il leads to the release of the hormone aldosterone
from the adrenal gland, which causes the reabsorption of sodium from the renal tubule. This leads
to the retention of water in the hope of increasing the falling blood volume (Figure 4.3). Stimula-
tion of the posterior pituitary gland causes the release of antidiuretic hormone (ADH), also known
as vasopressin hormone, which increases the amount of water reabsorbed by the kidney tubules;
hence the patient may produce small volumes of concentrated urine or in more severe cases, no
urine (anuria).

| Drop in BP | — | Drop in blood flow to the kidneys | — | Release of renin from the kidney cells |

— | Converts angiotensinogen to a ngiotensin [ | —> |Angiotensin II| — | Release of aldosterone |

—> | Reabsorption of sodium and water | —> | Restoration of blood volume |

Figure 4.3 Renin—angiotensin mechanism.

Chemical compensatory mechanisms

A reduction in cardiac output leads to a decrease in the blood flow to the lungs, which is detected
by the chemoreceptors located in the aorta and carotid arteries. This leads to an increase in the
rate and depth of respirations; however, this hyperventilation causes a reduction in carbon dioxide,
which impacts on blood flow and oxygen levels to the brain, and in turn this can lead to confusion
and restlessness. The individual will move to the next stage of shock if the physiological adapta-
tions that the body has initiated to overcome shock start to fail.

Stage 2: Progressive (decompensated) stage of shock

Progressive shock occurs when the body’s initial compensatory responses fail to restore an
adequate blood pressure and tissue perfusion (Smith and Bullock, 2000). In the early stages of
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progressive shock, the individual’s life can usually be saved if treatment is timely and appropriate.
However, if the originating problem, e.g. haemorrhage, has not been corrected, the body’s com-
pensatory mechanisms can no longer cope with the continuing decreased cardiac output and
blood pressure; consequently vital organs are not sufficiently perfused (hypoperfusion) and tissue
damage can occur. The systemic circulation continues to vasoconstrict in the hope of shunting
blood to vital organs; however, this is at the expense of the microcirculation, resulting in ischaemia
of the extremities. Impaired cellular metabolism occurs as a result of an inadequate supply of
oxygen and nutrients, and the decreased level of oxygen causes the cells to switch from aerobic
metabolism to anaerobic metabolism, which results in the production of lactic acid and leads to
metabolic acidosis.

Prolonged anaerobic metabolism results in a reduction in the production of adenotriphos-
phatase (ATP), which leads to failure of the sodium—potassium pump, causing sodium ions to
accumulate inside the cell, resulting in swelling and a deterioration in the cell’s function.

As shock progresses, histamine and bradykinin (both of which have vasodilating properties) are
released, and decrease the peripheral vascular resistance further, resulting in a continued reduc-
tion in blood returning to the heart. This leads to a further decrease in cardiac output and blood
pressure, resulting in cellular hypoxia.

Hypoxia can lead to depression of the vasomotor centre in the medulla and the sympathetic
nervous system. Levels of consciousness decrease and the patient may become restless, disori-
entated and confused. Abdominal distension and paralytic ileus are common, and the pancreas
may become ischaemic (Smith and Bullock, 2010).

Stage 3: Irreversible (refractory) stage of shock

At this stage, the continued decrease in blood pressure and heart rate means that the inadequate
tissue perfusion leads to the subsequent failure of the body to respond to any form of therapy.
Multiple organ failure and death result within a matter of hours (Collins, 2000).

Table 4.3 summarizes the stages of shock, the physiological changes that occur and how the
individual may present clinically.

Due to the life-threatening nature of shock, it is essential that the condition is recognized and
treated in a prompt manner if inadequate tissue perfusion and subsequent organ failure are
to be avoided. Therefore, the shocked patient requires close and careful monitoring within an
intensive care or high-dependency unit. Common interventions include oxygen, fluid and/or drug
therapy (Bench, 2004), and care of the patient should be the focus whilst they are undergoing
these restorative measures. Key clinical considerations include:

® Close monitoring of vital signs (blood pressure, pulse, temperature, respiratory rate, urine
output and oxygen saturation [SpO,]) to ensure the early detection of any deterioration
in the patient’s condition. The frequency of monitoring will be determined by the patient’s
progress; however, half-hourly observations should be considered in the first instance unless
the patient is at risk of deteriorating rapidly, in which case continuous monitoring should be
instigated. Where there is a risk of neurological deterioration, e.g. if the patient is in neuro-
genic shock or experiencing fluctuations in levels of consciousness, then assessment of the
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Table 4.3 Physiological changes that occur at each stage of shock (adapted from Sole et al.,

2008).

Stage of shock Physiological changes Clinical presentation

1. Compensatory

2. Progressive

3. Irreversible

Neural and hormonal
compensation

Mild to moderate vasoconstriction
Some anaerobic metabolism

Overall aerobic metabolism
Decreased oxygen levels (hypoxia)
to vital organs

Little or no oxygen (anoxia) to
non-vital organs

Impaired blood flow (ischaemia)
to tissues

Failure of sodium—potassium

pump
Severe tissue hypoxia, ischaemia

and necrosis (tissue death)
Build-up of toxic metabolites

Normal blood pressure

Increased pulse rate (tachycardia)
and respiratory rate (tachypnoea)
Increased thirst

Decreased urinary output

Altered level of consciousness/
dilated pupils

Low blood pressure (hypotension)
Raised pulse rate

Pulmonary oedema

Peripheral oedema

Decreased urinary output

Altered level of consciousness
Abdominal distension

Paralytic ileus

Cold, ashen skin

Severe hypotension
Respiratory failure
Acidosis

Peripheral oedema

Acute renal failure (oliguria)
Alterations in the blood clotting
cascade

patient’s neurological status using the Glasgow Coma Scale (see Chapter 10) may also be
required.

® Administration of oxygen therapy as an imbalance between oxygen supply and tissue demand
is fundamental to the nature of shock (Edwards, 2001). For patients who are conscious and
able to breathe spontaneously, oxygen should be administered via a face mask or nasal can-
nulae. However, if the patient is unable to maintain their airway/sufficient oxygen levels in
the blood, then they may have to be intubated and ventilated. The rate/percentage of oxygen
required should be guided by regular measurements of pulse oximetry and blood gas analysis.
As oxygen therapy is very drying to the mucosa, it should be humidified with sterile water
and the patient should be given regular mouth care.

® Administration of prescribed intravenous fluid to improve the patient’s blood pressure and
cardiac output, as an adequate cardiac output and a systemic blood pressure that is sufficient
to maintain perfusion of vital organs is essential to meet the body’s metabolic requirements.
Therefore, the patient will require intravenous fluid replacement to correct the decreased
circulating volume (hypovolaemia). If the patient has lost blood, e.g. through a haemorrhage,
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then a blood transfusion is indicated to raise the haemoglobin level to a point that ensures
that there is adequate oxygen-carrying capacity in the blood. Whilst the choice and volume
of fluid given, e.g. blood, colloid or crystalloid infusion, is dependent on the type of shock
the patient is experiencing, strict monitoring of fluid balance is required to ensure effective-
ness of the fluid therapy and the early detection of complications related to fluid therapy,
e.g. fluid overload. This will require the insertion of a urinary catheter and hourly monitoring
of urine output to check an output of at least 30 mL of urine per hour is being produced, and
regular monitoring of vital signs (see earlier) for early detection of any adverse reactions.

® Psychological care for the patient and their family. The patient in shock is a medical emergency
and this situation is very frightening for both the patient and their family. Therefore, they
should be kept fully informed about any changes/progress in the patient’s condition, the
purpose of any equipment used and any interventions given as this will help to reduce anxiety
and alleviate fear.

® Maintaining adequate nutrition as the patient in shock will have increased demand for energy
to support metabolic processes. As the patient may be nil by mouth due to their need for
possible surgery or to impairment in digestive function, e.g. paralytic ileus, enteral or total
parenteral feeding may be required, depending on the patient’s condition.

® Ensuring the skin remains intact as the poor tissue perfusion and immobility will increase the
risk of pressure sore formation. The patient will require regular pressure area care and should
be nursed on a pressure-relieving mattress.

Pharmacological management of shock

In the shocked patient, drug therapy is primarily directed at enhancing the heart’s ability to pump
and to improve tissue perfusion (Monahan et al., 2006). The common drugs used to manage the
patient in shock are summarized in Table 4.4. Additional measures that may be taken according
to the type of shock being experienced are provided in Table 4.5.

Table 4.4, Common drugs used to manage shock (adapted from Sole et al., 2008).

T T

Dopamine Increase the heart’s ability to contract
Dobutamine

Amrinone

Norepinephrine

Epinephrine Increase venous return to the heart by causing vasoconstriction
Norepinephrine

Atropine Increase heart rate and force of contraction
Isoproterenol

Shock is a common threat to patients and represents a medical emergency. The causes and treat-
ment of the patient in shock are varied and complex. The overall aim of this chapter has been to
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Table 4.5  Additional management of shock according to type.

Hypovolaemic Eliminate and treat cause of hypovolaemia
Distributive Anaphylactic Antihistamines
Steroids

Bronchodilators

Septic Establish and treat source of infection with
appropriate antimicrobial agents

Neurogenic Treat cause
Adequate pain relief

explore the different types of shock and the resulting pathophysiology these create. The prompt
recognition of the signs and symptoms of shock are critical to the patient’s prognosis and health-
care professionals play a central role in the early detection of any deterioration in the patient’s
condition.

Test your knowledge

Outline the mechanisms the body uses to regulate and maintain blood pressure.
Compare and contrast the signs and symptoms of hypovolaemic and distributive shock.

Describe the mode of action of three pharmaceutical agents used in the treatment of cir-
culatory shock.

Outline a plan of care for the patient in circulatory shock.

Which patients are at most risk of developing septic shock and why? Describe how these
risks can be prevented.
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Activities

Here are some activities and exercises to help test your learning. For the answers
to these exercises, as well as further self-testing activities, visit our website at E
www.wiley.com/go/fundamentalsofappliedpathophysiology

Fill in the blanks

Under circumstances, is by the four essential circu-
latory components — blood/interstitial fluid volume, , resistance
and . Any that leads to a in cardiac

can lead to shock and the of shock are not limited to one organ
system —rather it is a general reaction.

Choose from:
Myocardial contractility; Effects; Systemic; Circulatory; Normal; Homeostasis; Condition;
Maintained; Blood flow; Vascular; Reduction; Output
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Word search

Hupovolaemia Distributive

Anaphylaxis

Bacteraemia

Anaerobic

Vasodilatation

Compensatory

Allergen

Cardiac output

Venous return Homeostasis

Neurogenic
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Resuscitation Council (UK)

http://www.resus.org.uk/pages/guide.htm

This is a useful resource for students wishing to understand more about the treatment of ana-
phylactic reactions and basic life support. The website is free to access and contains the latest
guidance as well as links to other useful medical information, science worksheets and an applica-
tion for the iPhone called iResus.

NHS Clinical Knowledge Summaries

Podcast on the treatment and management of anaphylaxis
http://www.cks.nhs.uk/knowledgeplus/podcasts/anaphylaxis#-350698

This is a useful website for students wishing to understand more about the treatment and man-
agement of anaphylaxis. The NHS Clinical Knowledge Summaries (formerly PRODIGY) are a reliable
source of evidence-based information and practical ‘know how’ about the common conditions
managed in primary care. This link provides two podcasts on anaphylactic shock.

Trauma and shock factsheet

http://www.nigms.nih.gov/Publications/Factsheet_Trauma.htm

This is a useful resource that provides factsheets on the different kinds of trauma and shock that
health professionals may encounter, including symptoms and causes. It is one in a series of
factsheets published by the National Institute of General Medical Sciences (NIGMS), which sup-
ports basic biomedical research to aid advances in the diagnosis, treatment and prevention of
disease.

Toxic shock syndrome

http://www.mckinley.illinois.edu/Handouts/toxic_shock_syndrome.html

This is part of a series that students will find useful for information resources on common medical
conditions and diseases. This resource focuses on toxic shock syndrome (TSS) and tampons. It
provides details of the causes, symptoms, treatment and prevention of TSS.

Food Allergy & Anaphylaxis Network (FAAN)

http://www.foodallergy.org/

This is a useful resource for students wishing to understand more about food allergies and ana-
phylaxis. The FAAN website includes information about FAAN and their work; information about
common food allergens and anaphylaxis; hot topics; allergy alerts; resources aimed at managing
food allergies; and details of food allergy research.

British Society for Allergy and Clinical Immunology

http://www.bsaci.org/index.php?option=com_content&task=view&id=117&Itemid=1
This is a useful website containing guidance on a range of allergens. It is mostly free to access.
There are also links to other useful resources relating to allergy.
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<4 Glossary of terms

Aerobic:
Anaerobic:
Allergen:
Anaphylaxis:

Antibody:

Antigen:

Anvuria:
Bacteriaemia:

Bradykinin:

Dyspnoea:

Histamine:

Homeostasis:

Hypersensitivity reaction:

Hyperventilation:
Hypoperfusion:
Hypoxia:

Immunoglobulin:

Interstitial fluid:

Ischaemia:

requiring the presence of oxygen.
without oxygen.
a compound that produces a hypersensitivity response.

a sudden, acute allergic reaction to a material (e.g. food,
environment, drug or biological substance).

a protein in the blood that binds specifically to a particular
foreign substance (its antigen). It is a major part of the
immune system.

a foreign substance (e.g. an infecting micro-organism)
that can be recognised by the immune system and
generates an antibody response.

a condition in which no urine is produced.
the presence of bacteria in the bloodstream.

a substance derived from plasma proteins; its prime action
is in producing dilatation of arteries and veins.

shortness of breath; laboured breathing.

a substance that causes constriction of smooth muscle,
dilates arterioles and capillaries, and stimulates gastric
juices. See serotonin.

maintenance of relatively constant conditions within the
body’s internal environment despite external environment
changes.

an overreaction to an allergen that results in inflammation
and tissue damage.

abnormally deep and prolonged breathing.
abnormally low blood flow through a tissue.
reduced levels of oxygen in the tissues.

another name for antibody. Antibodies are opsonins that
are manufactured by the B-cell lymphocytes and help the
phagocytic cells to destroy invading micro-organisms in
the immune response.

the fluid in the tissues that fills the spaces between cells.

a low oxygen state in a part of the body. Usually the result
of obstruction to the blood supply to tissues.
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Peripheral vascular resistance: the resistance blood encounters at it flows through the

systemic circulation.

Vasoconstriction: a decrease in the diameter of a blood vessel due to the

relaxation of smooth muscle in the vessel wall; may occur
as a result of hormones or after stimulation of the
vasomotor centre leading to increased peripheral
resistance.

Vasodilatation: an increase in the diameter of a blood vessel due to

relaxation of smooth muscle in the vessel wall; may occur
as a result of hormones or after decreased stimulation of
the vasomotor centre leading to decreased peripheral
resistance.
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Pericardium
Chambers

Systemic circulation
Atria

Myocardium

Valves

Pulmonary circulation
Ventricles
Endocardium
Impulses
Conducting systems

Pacemaker

What are the layers of the heart called?

How many chambers does the heart have and what are they called?
Can you trace the blood flow through the heart?

Name the conducting systems of the heart.

List the possible causes of myocardial infarction.

On completion of this section the reader will be able to:
Describe the structure and functions of the heart.
Outline the conducting system(s) of the heart.
Describe the blood flow through the heart.

Trace the systemic and pulmonary circulations.



Don’t forget to visit to the companion website for this book (www.wiley.com/go/
fundamentalsofappliedpathophysiology) where you can find self-assessment tests
to check your progress, as well as lots of activities to practise your learning.

In order for water to flow through a pipe, it must be under pressure or a force pushing the water
through the pipe. When the pressure is increased, water will flow with greater force and when
the pressure drops the flow is decreased. The same principle can be applied to the heart and
blood flow. In the human body, the heart is the muscular pump that provides the pressure neces-
sary to propel the blood throughout the body. It must continue its cycle of contraction and relaxa-
tion; otherwise blood will stop flowing and the cells in the body will be unable to obtain nutrients
from food sources and get rid of waste such as carbon dioxide and other products. Thus, a healthy
and efficient heart is essential for cellular function. This chapter discusses the structure and func-
tions of the heart, the conducting system and the blood flow through the heart. It also includes
cardiac diseases such as myocardial infarction, heart failure (left and right heart failure) and car-
diogenic shock and angina, and their related care and management.

The heart is a muscular organ that rests on the diaphragm near the midline of the thoracic cavity
in the mediastinum (Jenkins and Tortora, 2013), which is the space in the middle of the thorax
between the right and the left lungs. It lies more to the left than the right side of the chest and
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