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Welcome to twenty-first century pharmacology!

This textbook focuses on the clinical application of
pharmacology in veterinary medicine and surgery,
and discusses currently used agents rather than
those historically available. It is not intended to be
a comprehensive formulary. Instead, representative
agents from each group have been chosen to demon-
strate the general mechanisms of action of the drugs
rather than listing all those available. This will enable
the reader to understand why a particular therapy
is effective in treating a disease and encourages a
problem-solving approach, which is the most effec-
tive way to learn about pharmacology and develop a
working knowledge of the subject.

It is essential to have a basic knowledge of
anatomy and physiology to understand how a drug
acts on the body and how the body acts on the drug.
Section two, therefore, concentrates on relevant
body systems. This can be read as an introduction or
can be referred back to whenever the need arises.
The chemical science chapter and microbiology
sections are aimed at those nurses wishing to gain
a more detailed understanding of how medicines
actually function.

At the start of each chapter the reader will find
a list of the main learning aims and the objectives
they should gain a knowledge of by studying the
chapter. These have been based on the pharmacy
certificate for veterinary nurses but incorporate all
criteria for the level 2 and 3 veterinary nursing
syllabus. The book is not a list of facts, however —
more a discussion of the potential uses of drugs. For
example, a reader could learn about all of the drugs
used to treat allergic skin disease in one section
rather than having to know the name of an agent to
look it up.

Wherever possible, photographs accompany de-
criptions of the administration of drugs. Readers

Preface

are thus encouraged to attempt new techniques,
such as the administration of intramuscular injections
into the gluteals rather than the leg muscles or
the administration of a drug via nebulisation. The
terminology used is explained in a comprehensive
glossary and so the text is accessible to everyone
with an interest in pharmacology — from animal
nursing assistants through to veterinary students
and surgeons alike. The practical pharmacy sections
are of particular relevance to anyone working in a
pharmacy manager type role.

Veterinary surgeons have a right to prescribe, but
only a privilege to dispense medicines. This privilege
is in danger of being taken away and given back to
registered pharmacists if we as a profession do not
start to manage our dispensaries more efficiently.
The text highlights areas of good pharmacy practice
we should be considering and gives tips on getting
the most out of our therapies to achieve our ultimate
aim — the alleviation or palliation of suffering in our
patients.

Each chapter concludes with a variety of self-
assessment questions to allow readers to ascertain
their level of understanding and, in some cases, add
to the knowledge already gained through studying
the chapter. At the end of the text is a set of multiple
choice questions, tailored specifically to the different
levels of the veterinary nurse examinations.

This book can be used as a reference text whenever
a clinical situation arises where drug knowledge
is required. It is also intended as a piece of reading,
designed to stimulate interest in the field of
pharmacology. The author hopes that it will inspire
nurses to take a more active role in the management
of their patient’s medications.

Amanda Rock,
2007
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The Role of the Veterinary Nurse in Drug
Therapy

Amanda Rock and Sally Bowden

Introduction

Learning aims and objectives

After studying this chapter you should be able to:

Outline the importance of the veterinary
nurse’s role in ensuring accurate drug
administration

List important aspects to consider when
selecting a prescribed drug for administration

Name the ‘five rights’ of drug administration

Give some examples of side effects and
various types of adverse reaction

Describe aspects of nursing care that may
need alteration during drug therapy

Explain how to correctly discharge a patient
requiring drug therapy at home

List factors affecting clients’ understanding
during patient discharge

Outline the importance of client’ compliance

List methods by which veterinary nurses can
improve client compliance.

The veterinary nurse (VN) plays an important role
in all aspects of drug therapy. Veterinary practice
has evolved and the days when the veterinary sur-
geon is constantly present to monitor every single
patient under care have long gone. Equally, it is no
longer common practice for veterinary surgeons to
discharge every patient from the hospital, nor take
all requests for repeat prescriptions. Thus, the VN's
role has widened and increased in importance with
regard to the welfare of patients both in and out of
the hospital setting. This chapter explores all aspects
of the VN'’s role in drug therapy and outlines the key
components needed in order to practice safely and
effectively. Where appropriate, other chapters in this
book have been referenced to provide further detail.

Inpatient care

Medicines are commonly used to treat inpatients
and VNs are well used to participating in the deliv-
ery of such treatment. However, when the practice
is busy, it is easy to overlook the importance of one
or more aspects of the drug therapy and for patients,
this can lead to failure to recover, deterioration or
complications in their condition.

It is not acceptable to assume that on-the-job
training in the management of drug therapy is
sufficient and there is no need for further learning or
alteration in systems of delivery — whilst there are
limited data available to demonstrate the rate of
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drug errors made by VNs (Armitage et al 2005),
there have been many studies regarding their veteri-
nary counterparts. These all demonstrate significant
errors made in all aspects of drug administration
to inpatients. For example, Bruce & Wong (2002) re-
corded a 25.2% error rate and in the same year Taxis
& Barber recorded a 49% error rate in a larger sample.
VNs must ensure they are adopting best practice by
actively reflecting on and reviewing their techniques
and systems with regard to the key areas outlined
below.

Selecting drugs

Once the veterinary surgeon has prescribed the

medication for a patient, the VN may be required to

select the drug from the pharmacy shelf. There is a

vast array of different drugs available, many with

several different names. The majority of drugs have
one generic name and one or more brand names.

It is important to understand the difference between

a generic name and a brand name:

e the generic name is usually derived from the
drug’s chemical structure and is not protected by
copyright

e the brand names are the copyrighted names
given by the Marketing Authorisation (license)
holder for their own particular make of that drug

e for example, generic amoxicillin is marketed as
Clamoxyl (Pfizer), Duphamox (Fort Dodge) and
Betamox (Norbrook) amongst others; generic
furosemide is marketed as Dimazon (Intervet),
Frusecare (Animalcare) and Frusedale (Arnolds)
amongst others.

VNs should be aware of the generic names for

all commonly used drugs, as different veterinary

practices may stock different brands of the same

drug. Equally, it is important to know where to
obtain information about drug names if necessary.
Common sources of reference include the Animal
Medicines Data Sheet Compendium (2005) and The
Small Animal Formulary (Tennant 2005).

Drugs should be selected carefully and all practice
staff should get into a habit of routinely checking
their selection. A system of double-checking with
another member of staff or via a computerised
system should be employed. The important aspects
to consider when selecting drugs for administration
are detailed in Table 1.1.

Administration of drugs

There are several key points to consider when pre-
paring for and administering drugs. Galbraith et al
(1999) outline the ‘five rights of drug administration’,
for human nurses, which are easily adapted for
VN, as Table 1.2 describes. For specific information
relating to drug selection and administration, please
refer to Chapter 3.

Observation and nursing of
patients on drug therapy

Nurses are familiar with the recording of both
subjective (the nurse’s impression of the animal’s
condition such as bright, alert and responsive) and
objective parameters (measurable indicators such
as pulse rate and temperature). Patients receiving
drug therapy may require additional observation
because they are at risk of suffering from side effects
and adverse reactions.
o Aside effect is an expected, but unwanted, effect
of normal drug therapy, usually related to its
actions in parts of the body other than the area

Table 1.1 Important aspects to consider when selecting drugs for administration

Correct drug name

Note that some drugs have similar names, e.g. potassium chloride and potassium bromide, or

phenobarbital, phenylbutazone and prednisolone

Correct strength

Most manufacturers make their packaging of the same drug a different colour for each strength,

but not all do this. It is a good idea to write on similar packaging to help differentiate them, or
keep them in containers of different colours (do not remove the drug from its original packaging;
place the entire packet in an external container)

Stock rotation

A well-ordered pharmacy will only have one packet of each drug and strength open at any time.

Do not open new packets unless it is necessary

Quiality of product

Check the quality of the product — ensure it is not incorrectly stored, out of date or damaged and

does not exhibit any unusual features such as difference in colour or viscosity (see Chapter 3 for

further information)

Legal requirements

Remember to adhere to local rules, which comply with the Misuse of Drugs Act 1971 and

Veterinary Medicines Regulations 2005, with regard to completion of a Controlled Drugs register
and/or recording of batch numbers (see Chapter 2 for further information)
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Table 1.2 The five rights of drug administration (adapted from Galbraith 1999)

Right drug

Right dose

Ensure correct selection of drug from the pharmacy shelf. Correct interpretation of the veterinary
surgeon’s prescription is necessary — unfamiliar drugs should be checked using a suitable reference
source, e.g. Animal Medicines Data Sheet Compendium. If the name of the drug is unclear, or the drug
does not appear to match with the patient’s condition, the prescribing veterinary surgeon should be
consulted for confirmation of their instructions

Ensure correct selection of drug from the pharmacy shelf. If drug calculations are required, VNs should
double-check their calculations prior to drug administration. If the dose appears to be unusual for that

particular size or species of patient, clarification should be sought from the prescribing veterinary
surgeon (see Chapter 3 for further information)

Right patient

Ensure the correct patient has been identified. Some practices use paper collars to identify their

patients; these and kennel name plates should be checked against the records prior to administration
of drugs. Additionally, this is a good time to double check the drug is not contraindicated for the patient
due to age, gender, status (e.g. pregnancy) or concurrent drug therapy. Some drugs stipulate ‘special
precautions’ in certain circumstances and these should be double-checked too

Right route

Once the correct route has been identified, the correct administration technique must be used. For

example, some drugs should only be given by slow intravenous injection, e.g. calcium borogluconate,
metronidazole; not only must the VN identify the correct route but also inject the drug over time. Some
orally administered drugs can only be administered with food, or must not be given at the same time as
food. Some drugs can cause substantial damage to the patient if given via the incorrect route, or can
be highly irritant, e.g. vincristine sulphate, which must be given intravenously — extravascular injection

can cause serious tissue damage

Right time

This can sometimes be difficult, especially on a busy day in the practice. However, VNs must endeavour

to administer drugs within the allotted time scale as blood plasma concentrations of drugs may dwindle
below the therapeutic level if a dose is too late. This can lead to failure to recover

Some examples of side effects of drug
therapy

e muscular weakness from potassium loss with
diuretic therapy

e breathlessness, restlessness and euphoria
associated with steroid therapy

» depression associated with antihypertension
drug therapy

e anorexia in patients on digoxin

e breakdown of oral mucosa in animals
receiving cytotoxic drugs

being treated. Examples of side effects are shown
in Box 1.1.

e An adverse reaction is an unexpected, harmful
effect of drug therapy. It can be due to the drug,
its administration or the patient. Adverse
reactions are categorised into types, as shown
in Table 1.3.

When observing a patient on drug therapy, it is also
important to know which side effects and adverse
reactions could occur and this requires a knowledge
of specific medicines. For those less commonly used,

the VN can obtain this information from the product
data sheet, so this should be kept to hand, near the
patient (e.g. along with the patient’s hospital record)
so all nursing staff can gain easy access to it.

Suspected adverse reactions should always be
reported to the veterinary surgeon immediately so
that the patient can have any further treatment neces-
sary. The Veterinary Medicines Directorate operates
the Suspected Adverse Reaction Surveillance Scheme
(SARSS), which provides report forms for comple-
tion in the event of a suspected adverse reaction.
Further information regarding side effects and ad-
verse reactions is found in Chapter 4. When con-
sidering the nursing care plan for individual patients,
the need for additional frequency or type of observa-
tion should be taken into account. Table 1.4 outlines
some additional observation and measurements
which may be necessary.

Outpatient care

Discharging an inpatient

When anxiety levels are high, the ability to concen-
trate on detail is reduced. In such situations many
clients do not listen carefully to discharge instruc-
tions. Studies show that most people can only retain



SECTION ONE: Introduction to Pharmacology

Table 1.2 Classification of adverse reactions

A Augmented — enhanced
drug effect

B Bizarre — allergic reactions

C Chronic — due to

continuous therapy

D Delayed — occurring a
long time after treatment

£ End of treatment — occurring
on withdrawal of therapy

Predictable, dose-dependent,
common, low mortality

Unpredictable, not dose-related,
high mortality

Occurs when patients are on
long-term therapy

May not be apparent until
several years after treatment

Often caused by sudden
withdrawal of a drug which
should be slowly withdrawn

Increased effect of drug due to
hypoproteinaemic patient

Urticaria, skin rashes,
anaphylactic shock

latrogenic Cushing’s from long-
term prednisolone therapy

Teratogenicity of griseofulvin,
carcinomas

Seizure after phenytoin
withdrawal, adrenocortical
insufficiency after prednisolone

three pieces of information from a consultation
so it is clear that good communication skills are
essential, even to impart the basics.

When discharging a patient, timing is everything
— discuss the medications alone with the client before
discharging the animal, which can serve as a distrac-
tion. Ensure the client can hear what you are saying
easily — equipment, dogs barking, children in the
room and the possibility of a deaf or hard-of-hearing
client should all be considered. Ensure there is good
lighting and wait for the client to put on their glasses.
Written instructions can eliminate any ambiguity and
ensure that clients have a written record to refer to.

Focus the learning by gleaning what information
is essential and then what the clients want to know.
It is best to begin with the client’s questions and
proceed from there, otherwise you may be explain-
ing things they are not interested in knowing and
they might not pay attention. By beginning with the
client’s needs, you give them some control over the
learning process and increase the learning that takes
place.

Check the details on the labels are clear, but do
not assume all clients are literate — read all dose
instructions out aloud. Explain any leaflets distrib-
uted with the medication. Assess the client’s level
of knowledge of the condition and break teaching
down into stages if there is a lot to learn. For example,
with diabetes mellitus cases arrange times to teach
techniques when the client is familiar with the basic
concepts and procedures. Box 1.2 shows the areas
that should be discussed with clients at discharge.

Demonstration of medication
techniques

Many clients will never have had to administer
medication to their pet before. Whilst some will

therapy

readily admit they need to be shown how to do this,
some will be too embarrassed to confess to this and
so it is a good idea to routinely demonstrate admin-
istration of medication to clients when discharging
their pet, unless they specifically state they do not
wish this.

It can be a challenge to administer a small amount
of fluid to a kitten and wriggly dogs can prove im-
possible to get eye ointment into, even for the most
experienced nurses. Therefore the client’s manual
dexterity, coordination of hand and eye and gentle-
ness must be assessed before assuming competence
in administering the medication. Repeated practice
under supervision may be required and this should
be offered when appropriate. Box 1.3 outlines some
tips useful for effective demonstration to clients.

Client compliance

Client compliance is the extent to which the actions
of the owner coincide with the instructions of the
veterinary team with regard to care of an animal.
It can be used to describe any aspect of treatment,
but is most commonly referred to when discussing
drug therapy and the likelihood that the owner will
give prescribed medication correctly. Some human-
centred nursing texts dislike the use of the word
‘compliance’, as it infers that people are being
ordered to do as they are told, rather than following
a course of treatment that has been negotiated and
agreed. The terms ‘adherence” and ‘concordance’ are
preferred.

The importance of client compliance

Studies in human medicine show that patient non-
compliance is a major cause of ineffective treatment.
Studies undertaken in the veterinary field have
also produced alarming results (Barter et al 1996,
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Areas that should be discussed with clients at discharge

Drug regime

The client should be familiar with the name,
dose, route of administration, desired action
and storage of the medication

When the medication should start and the
length of the course

Explain when the medication should take effect
and when to seek advice if the effects are not
seen

How repeat prescriptions can be obtained if
required

How unused medications can be disposed of

Cite possible side effects and ensure client is
aware of the signs and symptoms of the
reactions; also ensure the client knows when to
report them and seek advice

Discuss the general approach to management
of other illnesses whilst on the medication,

i.e. alert the veterinarian to the drug therapy
and do not give other medications without
seeking advice

What to do if a medication is missed or vomited
up

Ensure the client is aware of any records they
have been asked to complete

Exercise

Often the promotion of exercise can reduce the
need for drug therapy, i.e. analgesics for
arthritis and any flexibility in dose should be
discussed

Some medications require exercise levels to be
consistent, i.e. insulin

Diet and liquids

The interrelationship between medications and
food may be relevant, for example in diabetes
mellitus, where the timing must coincide with
the peak action of insulin

Some medications must be given with food but
some, like the antibiotic oxytetracycline, must
not

Patients on prescription or special diets might
not be able to take their medications with any
other foods and so nurses must ensure the
tablets are not wrapped in meat or dairy
products by clients desperate to administer the
medication

Some medications may cause nausea or
vomiting and reduce appetite so management
of inappetance and the provision of regular,
small volumes of water might be relevant

Tips useful for effective demonstration to clients

Avoid creating a mirror image — sit alongside
the client so they can see how you load a
syringe, e.g. from the same angle as they will
be expected to do it

Teach the correct methods and do not
demonstrate bad techniques

Demonstrate a skill first, then describe it — if
necessary, demonstrate again afterwards;

avoid asking the client to absorb two sources of
information at once

Teach in stages and reiterate points of
importance

Demonstrate any other skills required to draw
up or administer the medication, e.g. if syringes
must be loaded

Make use of ‘props’ such as soft toys or
oranges for clients to practice with before
handling their pet

Once you have demonstrated, if possible ask
the client to repeat the demonstration back to
you to check their level of understanding —
obviously, this applies to the technique only, to
avoid overdosage!
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Table 1.4 Additional observation and measurements for patients receiving drug therapy

Patient alertness, body strength
and ability to interact with nurse

Temperature, pulse and
respiratory rate measurement

‘Special precautions’

Nutritional and fluid intake

Elimination patterns

Skin and mucous membranes

Urinalysis, faecal examination
and blood sampling

Therapeutic effect

More frequent checks are required
to monitor patient correctly for
adverse reactions

More frequent checks are required
to monitor patient correctly for
adverse reactions

Some drug manufacturers advise
special care be taken when using
certain products in certain patients,
e.g. clomipramine must be used with
care in patients with cardiovascular
dysfunction or epilepsy

Some drugs may require changes in
food and water intake. Some can
cause anorexia, inappetance, pica,
polydipsia, etc.

Some drugs may cause changes in
elimination patterns, e.g. pollakiuria,
polyuria, oliguria, stranguria,

diarrhoea, haematochezia, melena, etc.

Petechial haemorrhage, rash, urticaria
and ulceration can indicate an adverse
reaction. Also, oral dryness and
reduction in lacrimation are common
side effects of some drugs

These can be good indicators of the
patient’s tolerance to the drug

The VN should know when to expect
the drug to start having a therapeutic
effect — if this does not happen it is
important non-response is recognised

Increase frequency of checks — report
any changes outside normal
parameters. Provide additional mobility
support if necessary. Provide
appropriate physiotherapy if necessary

Increase frequency of checks — report
any changes outside normal parameters

Follow the advice given on the drug data
sheet regarding ‘special precautions’

Instigate changes in diet and fluid
intake as necessary. Monitor calorie
intake carefully in inappetent patients
and provide assisted feeding if
necessary. Measure fluid intake and
ensure sufficient water is available in
polydipsic patients

Report any changes. Provide additional
opportunity for elimination. Obtain
samples if necessary

Report any changes outside normal
parameters. Provide artificial tears and
other lubrication when necessary

Ensure diagnostic quality samples are
collected at appropriate times. Look for
excessive protein and blood in urine and
faeces. Hepatic and renal profiling may
be useful

Report and record changes in the
animal’s condition. If an expected
therapeutic effect does not occur, alert
the veterinary surgeon immediately

The nurse’s role in improving compliance

Berendson & Knol 2002, Adams et al 2005). Ensuring
client compliance will improve the health and welfare
of the patient and the veterinary professional should
facilitate this.

Factors affecting compliance

There are five main factors that affect client compli-
ance — patient characteristics, treatment regime, the
nature of the disease, the client themselves and their
relationship with the veterinary team (Table 1.5).

The veterinary nurse is ideally placed within the
team to play a major role in increasing compliance
and, in doing so, improving the wellbeing of patients.
Box 1.4 outlines the various ways in which the VN
can support the client.

Other methods of improving compliance, which
involve manipulation of the prescription and there-
fore liaison with the veterinary surgeon, include:

o for short-term treatment, offering to medicate
the patient if the owner is incapable, either by



Table 1.5 Factors affecting compliance

Patient characteristics

Treatment regimen

Disease nature

Client characteristics

Relationship with the
veterinary team

The Role of the Veterinary Nurse

The patient’s temperament and lifestyle — animals who are aggressive or spend a lot of time

away from the house may be less likely to receive regular treatment

reduce compliance

The complexity of the treatment regimen — frequent dosing intervals and polypharmacy may

There is evidence in human studies that prophylactic treatment regimens and treatment

regimens for chronic or terminal patients may be less likely to be adhered to

treatment regimens

Aged clients or those who have disabilities or illnesses may be less likely to comply to

A good relationship with the veterinary team will enhance the possibility the client will return
for assistance if they encounter difficulty adhering to a treatment regimen

Various ways in which the VN can support the client

Educate the client — people are more likely to
dose their animal if they understand why it is
necessary, especially when the disease is
asymptomatic, like hypertension
Demonstrate how to give medication and
encourage the owner to repeat the dosing
technique whilst in the practice

Offer medication aids such as reminders, pill
givers

Use written instructions and take advantage of
commercially produced literature, videos, slides,
models, charts, etc.

Call the client one or two days following
commencement of treatment to see how they
are progressing

Assure the client they can return to check
progress or discuss treatment at any time

daily trips to the surgery or hospitalisation for a
period of time

simplifying the drug regime — the more often a
patient has to take a drug the less likely it is to
receive it

Offer nurse consultations for patients
diagnosed with long-term conditions, and/or
consider a system of named nurses for
chronically ill patients to encourage confidence

Check repeat prescriptions are being ordered at
the correct time intervals and query any
discrepancies tactfully with the client

Ask the client if they are able to manage the
treatment programme easily when they call for
a repeat prescription

Ensure clients bring their pets back for routine
blood testing if applicable, e.g. fructosamine
and phenobarbitone serum levels

If urinalysis is required, make sure the client is
competent to collect a sample and understands
storage requirements

Check the drug is having the desired therapeutic
effect when the client calls or visits the practice

reducing unwanted side effects, e.g. steroids
could be given in the evening to cats and in the
morning to dogs to reduce restlessness.

The two case studies below can be used in role play
training exercises.



10

SECTION ONE: Introduction to Pharmacology

A hypoproteinaemic dog with a hepatic tumour is
medicated with morphine to control the pain. He
suffers from regular atopic flare ups which respond
to antihistamine therapy with chlorpheniramine

(Piriton) plus an initial short course of prednisolone.

What special precautions, additional observations
and extra nursing care will be required due to the
potential for enhanced CNS or respiratory
depression which may occur with the concurrent
administration of two CNS depressants?

The VN responsible for caring for this patient
should consider the clinical management of the
patient’s condition. It is useful to formulate a plan
as described below:

Preparation: Be aware of the patient’s history and
condition as well as all drug requirements,
interactions and special precautions. Know how the

A cat has been diagnosed with hyperthyroidism
and a urinary tract infection which she gets
regularly due to stress. The following list of drugs
needs to be administered:

atenolol — a B-blocker to slow the heart and
reduce the systemic hypertension (high blood
pressure) caused by the hyperthyroidism

(1 once a day for 1 week then a blood pressure
check is required)

methimazole (Felimazole) — a drug that
interferes with the synthesis of thyroid
hormone (1 twice a day for 3 weeks then a
blood test is required)

amitriptyline — a tricyclic antidepressant that is

used to treat psychogenic disorders where

there is a component of anxiety (0.5 ml once a

day orally)

amoxicillin/clavulanate (Synulox) — antibiotic

(1 twice a day for 10 days).
The patient regularly takes cimetidine (Tagamet)
syrup orally (0.5 ml twice a day) to control her
stress-related gastritis and vomiting, but as it may
increase the plasma levels of B-blockers the
cimetidine should be stopped for the next few
weeks.

patient has responded to any treatment so far and
any potential complications that have arisen, e.g.
difficult to dose orally. Know the aim of treatment —
is it to cure or to manage the condition?
Implementation: Prepare clear, easy to follow
instructions regarding drug administration and
ensure plans are easily accessed by all nursing
staff to guarantee continuity of care. Administer
drugs according to plan, using the ‘five rights’ to
make certain there are no errors. Alter observation
and nursing care plans accordingly.

Evaluation: Observe the patient closely, according
to the observation and nursing plan. Make any
changes as necessary. Ensure all records are
available for the veterinary surgeon during rounds
in order for them to assess the patient’s progress.

The VN responsible for discharging this patient
should consider the clinical management of the
patient’s condition once discharged. It is useful to
formulate a plan as described below:

Preparation: Be aware of the patient’s history and
condition as well as all drug requirements,
interactions and reactions. Know how the patient
has responded to treatment as an inpatient and
any potential complications that have arisen, e.g.
difficult to dose orally. Know the aim of treatment —
is it to cure or to manage the condition? How much
information does the owner require in order to
carry out the treatment correctly?

Implementation: Provide the client with the
background detail regarding their pet’s disease and
drug therapy necessary for them to undertake the
instructions correctly. This may involve several
consultations, demonstrations, using written
instructions, pill reminders and any other number
of different techniques and aids.

Evaluation: Ensure the client is fully supported
once the patient has been discharged by carrying
out follow-up telephone calls. Make follow-up
appointments for them as necessary and monitor
progress using methods described in Box 1.4.
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Questions for Chapter 1

1. How could you differentiate between two
strengths of the same drug on the
pharmacy shelf, if the manufacturers’
packaging was the same?

2. List the *five rights’ of drug administration.

3. What is the difference between a side
effect and an adverse reaction?

4. To whom should suspected adverse
reactions be reported?
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5. List four aspects of monitoring and/or
nursing care that may need to be altered
due to drug therapy.

6. List six methods of providing information
to a client.

7. Give four tips to providing an effective
drug administration demonstration to a
client.

8.  List six ways in which the VN can improve
client compliance.

For answers go to page 237
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Pharmacy Law

Learning aims and objectives

After studying this chapter you should be able to:

Understand the legislation relating to the use
of drugs and medicines

Understand regulations applying to dangerous
substances and consumer protection

Understand the role of professional
organisations influencing pharmacy

Understand legislation affecting pharmacy.

Veterinary drug legislation

Since 2001 the Competition Commission has been

looking at medicines within veterinary practices. Its

recommendations have been implemented through
changes to the legislation and the RCVS Guide to

Professional Conduct. Virtually all of the Competition

Commission’s recommendations affecting veterinary

surgeons (but not the zero dispensing fee) have been

implemented in the RCVS Guide to Professional

Conduct and improve the transparency of medi-

cine prices within veterinary practices. The law on

veterinary medicines has been uncoupled from the

Medicines Act 1968 and some revisions from a

European directive have been incorporated. The re-

sulting Veterinary Medicines Regulations 2005 came

into force on October 30 of that year. The regula-
tions apply the relevant provisions of European law
and set out UK provisions in areas such as fees,
distribution, appeals, advertising, inspection and
enforcement of any veterinary medicinal product

(VMP) as defined in Box 2.1. The VMR 2005 sets out

the distribution categories for UK drugs as follows:

o Prescription Only Medicine — Veterinarian
(POM-V)

o Prescription Only Medicine — Veterinarian,
Pharmacist, Suitably Qualified Person
(POM-VPS)

¢ Non-Food Animal — Veterinarian, Pharmacist,
Suitably Qualified Person (NFA-VPS)

e Authorised Veterinary Medicine — General Sales
List (AVM-GSL).

13
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SECTION ONE: Introduction to Pharmacology

VMPs

A Veterinary Medicinal Product is defined as:

a. any substance or combination of substances
presented as having properties for treating or
preventing disease in animals; or

b. any substance or combination of substances
which may be used in, or administered to,
animals with a view either to restoring,
correcting or modifying physiological functions
by exerting a pharmacological, immunological
or metabolic action, or to making a medical
diagnosis.

A VMP that has been classified as POM-V may only

be dispensed by a vet or pharmacist and a clinical

assessment must be made by the vet first. A product

is included in this category when it:

e contains a new active ingredient not previously
used in a veterinary medicine in the EU

e requires a strict limitation on its use for specific
safety reasons

e requires the specialised knowledge of a
veterinary surgeon for use/application

 has a narrow safety margin requiring above
average care in its use

e is Government policy to demand professional
control at a high level

e requires specific use, linked to a prior clinical
assessment of the animals.

A POM-VPS drug can be prescribed by a Registered
Qualified Person (RQP) which is defined as follows:

a registered veterinary surgeon

a registered pharmacist

a registered suitably qualified person (SQP).
SQPs will be registered with a body that has provided
training to them and they will have had to have
passed an examination and be present at each sale
of the VMP. Although a clinical assessment of the
animal is not a prerequisite, the prescribing RQP
must be satisfied that the person administering the
product has the competence to do so safely. All those
supplying veterinary medicinal products will be
required to abide by the Veterinary Medicines Regu-
lations. Those supplying VMPs must also comply
with labelling requirements, advise on safe admin-
istration, warnings and contraindications, and be
satisfied that the person using the product is com-
petent to use it safely and intends to use it for a
purpose for which it is authorised.

AMTRA has been given the authority to run
training courses in conjunction with some colleges
to allow qualified and listed VNs to upgrade to
become SQPs. The examination will consist of a
2-hour written assessment and training day courses
are available. The modules will be designed to allow
SQPs to supply for all animals or for all food-
producing animals, horses, companion animals or
particular species. The content will mainly focus
on the changes to the legislation detailed below, but
will also assess knowledge of the other pharmacy
laws such as COSHH, RIDDOR and Health and
Safety at Work. Packaging, labelling and dispensing
will all be reviewed.

The Veterinary Medicines Regulations 2005 state
that SQPs may prescribe and supply certain cate-
gories of veterinary medicines — mainly parasiticides
and other medicines for the routine control of endemic
disease. SQPs are able to prescribe and supply POM-
VPS and NFA-VPS products for the species in which
they have training.

It is still the case that veterinary surgeons have
a right to prescribe and supply medicines such as
POM-Vs and POM-VPSs as appropriate. Dispensing
has always been a privilege rather than a right.
Dispensing of those medicines by others was lawful
prior to October 30, 2005 and in the view of the Royal
College remains lawful under the new Veterinary
Medicines Regulations. Listed VNs will be able
to supply POM-VPS and NFA-VPS products in their
own right if they become SQPs.

NFA-VPS drugs may be supplied by an RQP
without a clinical assessment but with advice re-
lating to any warnings or contraindications of use.
AVM-GSL may be supplied by any retailer as there
are no restrictions on its supply.

There were also changes made to the RCVS
Guide to Professional Conduct, which took effect on
November 3, 2005. The RCVS enforces these recom-
mendations made by the Competition Commission.
Any complaints are investigated by the Preliminary
Investigation Committee and may be referred to
the Disciplinary Committee. Key changes relate to
providing information to clients about the avail-
ability of prescriptions and the prices of most of the
commonly prescribed medicines:

e clients must be able to obtain prescriptions as
appropriate

¢ clients must be informed of the price of any
medicine to be prescribed or dispensed and the
price must be made available to other parties
who make reasonable requests

e itemised invoices must be made available to
distinguish between fees charged for services
and medicines and where possible itemised for
individual products



clients must be informed of the frequency of
and charges for further examinations and repeat
prescriptions

new and existing clients must be provided with
this information in writing

there must be a sign in the waiting room

(Box 2.2) detailing the current prices of the

10 veterinary medicinal products most
commonly prescribed during a recent and
typical 3-month period

the exceptions to these requirements are when a
delay in supply or administration would be
unreasonable or where the medication is to be

administered by injection and is only available in

packs containing multiple doses.

Client advice

Client advice as follows should be displayed on a
large, prominently displayed sign in the waiting
room:

Prescriptions are available from this practice
You may obtain relevant medicinal products
from your veterinary surgeon or ask for a
prescription and obtain these medicines from
another veterinary surgery or a pharmacy

Your veterinary surgeon may prescribe
relevant veterinary medicinal products only
following a clinical assessment of an animal
under his or her care

A prescription may not be appropriate if your
animal is an inpatient or immediate treatment
is necessary

You will be informed, on request, of the price
of any medicine that may be prescribed for
your animal

The general policy of this practice is to re-

assess animals requiring repeat prescriptions

or supplies of relevant veterinary medicinal

products every X months, but this may vary

with individual circumstances. The standard

charge for a re-examination is £XX

The current prices for the 10 relevant

medicinal products most commonly prescribed

during [a typical 3-month period] were:

e [The 10 most commonly prescribed
medicines and their prices listed]

Further information on the prices of medicines

is available on request

Pharmacy Law

The RCVS also gives advice about communication

with clients via the internet about animals that are

under their care. The VMR do not define the phrase

“under his care’ and the RCVS have interpreted it as

meaning that:

the veterinary surgeon must have been given
the responsibility for the health of the animal or
herd by the owner or the owner’s agent

that responsibility must be real and not
nominal

the animal or herd must have been seen
immediately before prescription or

recently enough or often enough for the
veterinary surgeon to have personal knowledge
of the condition of the animal or current health
status of the herd or flock to make a diagnosis
and prescribe

the veterinary surgeon must maintain clinical
records of that herd/flock/individual.

What amounts to ‘recently enough’ must be a matter

for the professional judgement of the veterinary

surgeon according to the circumstances of each case.

The RCVS guide to professional conduct provides
the advice shown in Box 2.3 on retail supplies. Legis-
lation is constantly updated and takes into account
reviews of and changes in both UK and European
legislation. Up to date information can be obtained

from reliable sources such as the RCVS and the VMD.
If there is no authorised medicinal product in the

UK for a condition affecting a non-food producing

animal, the vet may use the cascade system to relieve

suffering. This means using a product authorised
for use in another species, or for another condition
in the same species. If no such product exists, then

a product designed for human use may be used or

one authorised in another member state. Only as a

last resort should a home made preparation be used.

The cascade should be followed in the order:

e a VMP authorised in the UK for use in another
animal species, or for another condition in the
same species; or

e if, and only if, there is no such product that is
suitable, either a medicinal product authorised
in the UK for human use or a VMP not
authorised in the UK but authorised in another
member state for use with any animal species
(in the case of a food-producing animal, it must
be a food-producing species); or

e if, and only if, there is no such product that is
suitable, a VMP prepared by a pharmacist, a
veterinary surgeon or a person holding a
manufacture authorisation authorising the
manufacture of that type of product.

See Chapter 3 for some applications of the cascade

system in dispensing for exotics.
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SECTION ONE: Introduction to Pharmacology

RCVS advice on retail supplies

A veterinary surgeon who supplies POM-V, POM-VPS
or NFA-VPS veterinary medicinal products must:

a. always advise on the safe administration of
the VMP

b. advise as necessary on any warnings or
contraindications on the label or package
leaflet; and

c. be satisfied that the person who will use
the product is competent to use it safely,
and intends to use it for a use for which it
is authorised.

A veterinary surgeon that makes retail supplies of
POM-V veterinary medicinal products on the
prescription of another veterinary surgeon (i.e. for
animals that are not under his or her care) should
ensure that those to whom the medicines are
supplied, or may be supplied, are informed that
such supplies are made without a clinical
assessment of the animal and that the animal is
not under his or her care.

A veterinary surgeon who is associated with retail
supplies of POM-VPS, NFA-VPS or AVM-GSL VMP
(or makes such supplies), should ensure that
those to whom the medicines are supplied, or
may be supplied, are informed of:

a. the name and qualification (veterinary
surgeon, pharmacist or SQP) of any
prescriber

b. the name and qualification (veterinary
surgeon, pharmacist or SQP) of the supplier

c. the nature of the duty of care for the
animals.

Veterinary surgeons may prescribe POM-VPS VMP
in circumstances where there has been no prior
clinical assessment of the animals and the
animals are not under his or her care. In these
circumstances veterinary surgeons should
prescribe responsibly and with due regard to the
health and welfare of the animals.

Prescriptions and recording
of medicines

The Veterinary Medicines Guidance Notes outlines

how a prescription should be written. The following

information should be included:

o the name and address of the prescriber

o the particulars which substantiate that the
prescriber is a veterinary surgeon, e.g. MRCVS

e the name and address of the person to whom the
product is supplied

» adescription of the animal(s) it is prescribed for
e the date.

The prescription should be written in ink or another
indelible format and should be signed or otherwise
authenticated by the prescriber.

Records must be kept by keepers of food-producing
animals outlining the purchase of all medicines
and the identification of the animals treated. The
manufacturer must also record all batches of VMPs
and keep the records for 5 years. All prescriptions
should be detailed and a copy kept for 5 years also.
Wholesalers should keep their records for at least
3 years.

Dosage levels

Pharmacological studies are carried out on all new
products to ascertain the safe dose range. The safety
documentation always details the investigations
undertaken in laboratory animals and all relevant
information observed during clinical studies in the
target animal. In order to reduce the number and
suffering of the animals involved, new protocols
for dose toxicity are continually being developed.
Both single-dose toxicity studies and repeated-dose
toxicity tests are carried out to reveal the acute toxic
effects of the substance and time course for their
onset and remission. These studies are normally
carried out in at least two mammalian species and
at least two routes of administration are studied.
Evaluation of the toxic effects is based on observation
of behaviour, growth, haematology and physiological
tests — especially those relating to the excretory
organs.

Safe and effective therapy can only be achieved
with doses that produce optimal concentrations of a
drug in the plasma and the tissues. Smaller doses
will be ineffective and larger doses will not increase
the benefits and may increase the toxicity. Between
these two doses is the therapeutic dose range.
Some drugs have a narrow range, such as digoxin,
whilst others, like fenbendazole, have a wide safety
margin.

Controlled drugs

We have a legal obligation to keep Schedule 2 drugs
and some Schedule 3 agents locked away in a safe
attached to the floor or wall of the building. This
is because of the legislation in place to govern their
safe usage, namely:

¢ The Misuse of Drugs Act 1971

¢ Misuse of Drugs Regulations 1985.



Fig. 2.1 Controlled drugs cabinet

Figure 2.1 shows a dangerous drugs cupboard with
an electronic keypad below where the key is kept
so that access is restricted to the vets in the practice
who know the code. The record-keeping requirements
for Schedule 2 drugs indicate that they must be
entered in the register when purchased and also
each time they are used within 24 hours — signed
by the vet. The register must be a bound (not loose
leaf) book and a separate register must be kept for
each premises where controlled drugs are used. A
separate part of the register must be used for each
drug which must be specified at the head of each
page. Entries must be indelible and in chronological
order, without amendments. The register must be
kept for 2 years from the last date of entry.

Questions for Chapter 2

What schedule are the following drugs in?
1. Diazepam

2. Phenobarbital

Pharmacy Law

Schedule 2 controlled drugs must not be dis-
posed of or destroyed except in the presence of a
person authorised to do so by the Secretary of State.
Examples are pethidine, morphine and fentany]l.

Schedule 3 includes buprenorphine, pentazocine,
pentobarbital, phenobarbital and some minor stimu-
lant drugs. These drugs are subject to prescription
and requisition requirements but do not have to be
recorded in a controlled drugs register. Temazepam,
diethylpropion and buprenorphine must be kept
locked away, but this does not apply to other
Schedule 3 drugs.

Schedule 4 includes the anabolic substances and
the benzodiazepines. They are exempt from most
restrictions but due to an ethical obligation for safe
use, many practices keep diazepam locked away.

Schedule 5 includes certain preparations of
cocaine, codeine and morphine that contain less than
a specified amount of the drug. They are exempt
from all controlled drug requirements except for the
need to keep relevant invoices for 2 years.

Veterinarians have no right to keep Schedule
1 drugs on the premises. The RCVS recommends
that other drugs with the potential for abuse such as
ketamine are stored in secure containers.

Other relevant legislation

Please refer to Chapter 3 for details of:
e The Health and Safety at Work Act 1974

e RIDDOR 1995
e COSHH 2002

¢ The Management of Health and Safety at Work
Regulations 1999.

3. Methadone
4. Temazepam

5. Amfetamines

For answers go to page 238
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Pharmacy Practice

With contribution from Glen Cousquer (Exotics pharmacology)

Learning aims and objectives

After studying this chapter you should be able to:

Perform dosage calculations
List the forms drugs are available in

Compare the different routes of
administration of medicines

List the relevant health and safety legislation

Describe the procedures for record keeping
and stock control

State the requirements for packaging and
labelling medicines.

Dosage calculations

e Solutions are mixtures of substances that are not
usually combined with each other. They consist
of a solvent (the dissolving substance), and a
solute (the dissolved substance).

e Suspensions are mixtures containing very large
particles of solute. They settle out on standing
and need to be shaken before administration as
different parts of the mixture will not contain
equal amounts of solute.

The amount of solute dissolved in the solvent is

referred to as the concentration of the substance.

Concentrations can be expressed as:

® parts

* weight per volume (w/v) for liquids

e volume per volume (v/v) for liquids

e weight per weight (w/w) for solids.

Most veterinary preparations are expressed as w/v.

For example, diazepam is available as a 5 mg/ml

solution for injection. Electrolyte solutions are often

expressed in terms of milliequivalents per litre

(mEq/L). IU stands for International Units and is

used for the measurement of drugs and vitamins.

Webster’s Dictionary defines IU as: ‘a quantity of a

biologic (such as a vitamin) that produces a particular

biological effect agreed upon as an international
standard’. What this means is that IU is dependent
on the potency of the substance, and each substance
would have a different IU to milligram conversion.
For example, 1000 IU of vitamin C would have a
different weight than 1000 IU of vitamin A.
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SECTION ONE: Introduction to Pharmacology

To work out how many ml of a drug a patient
requires, just remember two things:
body weight x dosage
1. Dose = i
concentration of drug
(i.e. divide what you need by what you have got).
2. To get percentage solution into mg/ml, just
multiply by 10.

Example 1

A 20 kg dog requires a drug at 10 mg/kg. It is

available in a 2% solution. How many ml does it

need?

e Apply rule number 2: there are 20 mg/ml in
this solution (2% x 10)

e Apply rule number 1:

ose 20 mg/ml

The units cancel themselves out, leaving you with
the answer in ml — Dose = 10 ml.

Example 2

A cat weighs 11 pounds, and requires a drug,
dose rate 1 mg/kg. The solution is 0.5%. How
many ml does it need? To convert pounds to
kilos, you divide by 2.2 (Box 3.1 shows some of
the conversions).

e Catweighs 11 + 2.2 =5 kg

e Solution contains: 0.5 x 10 = 5 mg/ml, so

o 5 mg/ml

Dose =1 ml.

Example 3

A dog weighs 25 kg and needs an agent with a

concentration of 125 mg/ml. The dose rate is

0.5 mg/kg. How many ml are required?

o There is no need to work out the drug
concentration because it is stated for you as
125 mg/ml:

dose = (25 kg x 0.5 mg/kg)
125 mg/ml

Dose = 0.1 ml.

20

When calculating dosages for most cancer chemo-
therapeutics, body surface area is correlated with
the weight of the animal. Tables are available in
most formularies for converting an animal’s weight
to surface area in square meters. In these cases the
formula applied is:

Dose = mg/m? (from the drug’s data sheet or a
formulary) x m? (see conversion table).

Conversion of pounds to kilograms

5kg=11Ib
10 kg =22 Ib
15 kg = 33 b
20 kg = 44 Ib
25 kg = 55 Ib
30 kg =66 Ib

Forms of drugs and routes
of administration

Oral administration

Materials required

o for oral administration of tablets — pilling gun

o for oral administration of liquids — syringe
without a needle or a dosing syringe.

Technique

For oral administration of tablets to a dog. Ask an
assistant to control and reassure the patient. Hold
the top jaw with one hand and push your fingers
into the premolar area to open the mouth. Insert
the tablet into the mouth with the other hand and
push it over the tongue to the back of the pharynx.
The gag reflex closes off the airway and prevents the
medicine from entering the trachea. Various methods
of encouraging swallowing have been suggested,
including blowing into the animal’s nose and
rubbing its throat.

For oral administration of tablets to a cat. Ask an
assistant to restrain the cat with one hand on each
front leg to prevent being scratched. Have the cat
facing you. Place one hand on top of the head and
place the thumb and third finger of that hand under
the eye sockets. Point the nose of the cat towards the
ceiling. This allows the jaw to be opened using the
middle finger of the other hand. The tablet can now
be inserted using either a pilling gun or your fingers.
Covering the tablet with a palatable substance such
as Katalax, butter or marmite may help with difficult
patients.

For the majority of our patients, oral administra-
tion of medicines is the method of choice. Oral
administration can be taken to include drugs that are
specifically designed to dissolve under the tongue
(sublingual) and those that can be absorbed through
the mucous membranes of the cheek (particularly



Summary of oral medications

Oral solids

o tablets (powdered drugs compressed into
discs)

e capsules (drug inside a gelatine container)

e granules

Oral liquids

e mixtures

e suspensions (insoluble drug in a liquid base)
e emulsions (drops of oil in water or water in oil)
e linctus

Potential problems

Gastrointestinal irritation, aspiration of medicine,
person administering the drug being bitten, poor
patient compliance due to unpleasant tasting
medicines

useful to get sedatives like 0-2 agonists into feral
cats). Box 3.2 lists the oral medications.

Sublingual medications, either in tablet form,
granules or aerosol spray, have little role in veterinary
medicine due to the difficulties in preventing the
animal from swallowing — although it is an excellent
method of administering a drug to an anaesthetised
or unconscious patient. First-pass metabolism is
avoided as the drug does not need to be absorbed
through the gut and taken to the liver before entering
the circulation. Homeopathic granules are often best
taken this way.

When administering oral liquids from a stock
bottle a separate dropper should be used for each
patient to avoid cross contamination.

Tablets may be enteric coated (Fig. 3.1) and there-
fore are designed not to be crushed or split else the
drug is exposed to the acid in the stomach and not
absorbed effectively.

Colour coat

Acid
protective
layer

Active drug

Fig. 3.1 Enteric coated tablets.

Pharmacy Practice

Capsules likewise should not be opened in case
their purpose is to protect the drug inside or to save
the patient from tasting a bitter drug. Some capsules
contain different sized granules and are designed to
slowly release the medicine as the different granules
dissolve. If a tablet or capsule sticks in the oesophagus
it can cause inflammation and potentially ulceration
and so they should be given with a bowl or syringe
of water when possible. Often a drink of water
before administering a tablet moistens the mucous
membranes and helps the medicine go down.

When reconstituting powdered medicines, such
as unstable antibiotics, it is important to mark the
date of preparation on the bottle and store any
unused medicine in the refrigerator unless the data
sheets advise to the contrary. Another important
point is to shake well before use.

Rectal administration

Rectal administration is practiced in veterinary medi-
cine elsewhere in Europe and in human medicine.
This is effective due to the large colonic surface
area and the ability of the colon to absorb fluids and
drugs from the gut lumen. Enema solutions can be
administered using a Higginson’s syringe (Fig. 3.2).

Injections

Materials required

Syringe containing the correct amount of drug,
correct gauge and length needle, cotton wool swab
soaked in surgical spirit.

Technique

Attach the needle firmly to the syringe by
applying pressure and slightly twisting the
needle onto the hub of the syringe.

Fig. 3.2 Administration of an enema.
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Swab the bottle’s rubber diaphragm with
surgical spirit before withdrawing the correct
amount of drug.

Remove the needle’s cap carefully and keep to
one side. Insert the needle through the centre of
the rubber diaphragm with the bottle inverted
until the tip is visible inside the bottle. Over
insertion may result in the needle drawing air
into the syringe from inside the bottle.
Withdraw the correct amount and then
withdraw the needle.

Tapping the syringe with the needle uppermost
will result in any air bubbles rising to the
surface where they can be released by pushing
slightly on the plunger. It is important not to
create an aerosol of the drug. Live vaccines,

e.g. the feline respiratory virus vaccine, can
cause disease if inhaled. Replace the cap onto
the needle unless the injection is to be given
immediately.

Swab the area to be injected with surgical spirit
and insert the needle into the appropriate site.
Pull back on the plunger to ensure no blood is
seen and that the needle tip is under the skin.
This is identifiable by the plunger returning to
its original position because of the negative
pressure created by pulling back on the
plunger. Depress the plunger to administer the
drug.

Massage the area to encourage absorption of
the drug and to minimise pain.

Correctly dispose of the administration
equipment (see below).
Parenteral medications (avoiding the gut) can be
injected into muscle, veins or under the skin and
this method may be preferable due to a number of
reasons including:
e the patient is unable to take the medication
orally

e the drug is broken down in the gut, e.g. insulin

¢ the drug may not be absorbed in the gut, e.g.
gentamicin

e the drug is metabolised extensively by the liver
when taken orally and so little is available for
use around the body, e.g. lidocaine

o fast onset of action is required
e very accurate dosing is required.

Plastic containers can sometimes interact with the
drug and so glass containers remain the preferred
method of drug presentation (this is one reason
why drugs should not be left drawn up in syringes).
Box 3.3 shows the types of containers used for
injectable preparations.

The most suitable route of administration for a
drug depends on the data sheet recommendation,

Containers for injectable medicines

Glass ampoule (Fig. 3.3)
o Shake down solution from the neck

* |dentify weakened area of neck marked with a
dot or pre-scored line or use a file to make a
scratch on the vial neck

e Snap off top using an ampoule sleeve to
protect the fingers

Glass rubber-capped vial

» Remove protective disc from top

e Swab surface with an alcohol swab and allow
to dry

e Can be used as a multidose container if the
stability of the contents allows
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Fig. 3.3 Glass vials of buprenorphine. Courtesy of
G. Cousquer.

the speed of onset required and patient compliance.
Figure 3.4 shows the layers a needle passes through
to administer a drug into the muscle. It is important
to select an appropriate sized needle to ensure
delivery of the drug to the correct place. The direct
cutaneous artery is shown to highlight the impor-
tance of drawing back on the syringe to ensure the
tip of the needle is not in the vessel.

The subcutaneous route is used for non-irritating,
water-soluble substances such as insulin and vac-
cines. QOily solutions, aqueous suspensions and irri-
tating drugs should be delivered intramuscularly.

Figures 3.5 and 3.6 show the preferred sites for
administration of intramuscular injections. The thigh
muscles are contained within a tight facial sheath
and injection of large volumes can be painful. The
back muscles and the gluteals (easily found by
palpating the ‘cat spay” landmarks) are not sheathed
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Fig. 3.4 Intramuscular injection.

Fig. 3.5

Intramuscular injection into the epaxial muscles.

in this manner and patients tolerate injections much
better. Another important point is to remember that
needles are single-use and blunt quickly. A new
needle should be used after withdrawal of drug
from a rubber capped vial to minimise discomfort
to the patient. Needles should be inserted quickly,
the druginjected slowly and then the needle removed
quickly to make the experience the least painful
possible.

Box 3.4 shows the potential complications of intra-
venous injection. Other routes of injection include
the following.

e Intra-arterial — used to administer radiopaque
substances for selective contrast studies.

e Intra-articular — this involves injecting a drug
directly into a joint. Corticosteroids are
sometimes injected into joints to relieve
inflammation. Care must be taken to ensure the
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Fig. 3.6

Intramuscular injection into the gluteals muscle.

Potential complications of intravenous

injections

o Tearing the vein with the needle causing a
haematoma

* Necrosis of tissues surrounding the vein if an
irritating drug escapes

* Phlebitis at the injection site if injections are
repeated or prolonged

» Death or intoxication if the dose given is too
high

site is prepared aseptically and that a sterile
technique is employed during the procedure. It
is recommended that a sample of the joint fluid
is collected prior to administration of any drug
to allow culture and sensitivity and other
diagnostic tests to be performed.

¢ Intraperitoneal — delivery of drugs into the
abdominal cavity. Potential disadvantages
include the variable onset and duration of action
of drugs given by this route, the potential for
puncture of abdominal organs and the formation
of adhesions. Fluids and euthanasia drugs are
occasionally given by this route.

¢ Intradermal - this involves injecting an agent
into the skin. Part of the myxomatosis vaccine
should be administered in this way.

e Epidural - injection into the spinal canal but
outside of the dura mater (outer layer of the
meninges).

e Intrathecal — this is administration of a drug into

the subdural space (cerebrospinal fluid). If a
drug has low lipid solubility it will not pass the
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blood-brain barrier. Water-soluble antibiotics
therefore are injected this way to treat meningitis
to ensure the cerebrospinal fluid concentration is
sufficient.

* Subconjunctival — injection under the
conjunctival membrane. Antibiotics are
sometimes administered in this way.

e Intracardiac - injection through the chest wall,
directly into the heart chambers. It allows the
drug to access the bloodstream quickly.
Euthanasia and cardiac resuscitation drugs are
occasionally administered this way.

e Intraosseous — injection of a substance directly
into the bone marrow in the medulla of either
the femur or the humerus. It is most often used
to provide fluids to very small patients, those
with damaged veins or those with very low
blood pressure.

Topical administration

Percutaneous administration refers to the absorption
of a drug through the skin or across mucous mem-
branes. It is affected by drug concentration, contact
time, thickness of skin and hydration of the tissues.
It can also be increased by placing the drug into a
vehicle such as dimethyl sulfoxide (DMSO). Fentanyl
patches have become popular, especially in ortho-
paedic surgery, to deliver a controlled release of
analgesia, to allow a reduction in anaesthetic and
to provide good postoperative pain control. The
patches release a prescribed medication through a
semipermeable membrane for several hours to three
weeks when applied to intact skin. These patches
must not be cut down or allowed to get hot (e.g.
when a patient lies on a heat pad) as the release
of drug may be too rapid.

The respiratory mucosa may be medicated by the
inhalation of aerosols or sprays (nebulae). Broncho-
dilators and corticosteroids are occasionally given
this way.

Medication may also be applied to the mucosa
of the oral cavity (sublingual), as suppositories to
the rectal mucosa, the uterus, vagina, eyes and ears
(aural).

Drug administration and
dispensing in exotic patients

Exotic patients frequently present to veterinary prac-
tices for examination and treatment. Nursing staff
hospitalising such patients must be familiar with
and competent in the administration of medications
to such patients. Where patients are returned to the
owner for ongoing care at home, clear advice on

drug administration must be given. The wide range
of species dealt with makes this a broad subject, as
the route of administration must take into account
important differences in anatomy, physiology,
biology and behaviour. This discussion will limit
itself to the subject of fluid therapy and drug ad-
ministration in common birds, small mammals and
reptiles and the key considerations nursing staff
need to be aware of.

Drug administration for the avian patient

Fluid therapy can be provided by the oral, cloacal,
subcutaneous, intravenous and intraosseous routes.
Crop gavage, or crop tubing, is a technique that
should be carefully learnt and practised regularly to
ensure proficiency in this technique. The procedure
should be performed quickly and smoothly in order
to minimise stress to the patient and the risks of
regurgitation. All equipment and materials should
be prepared in advance to avoid unnecessary delays
and stress. The patient should be gently but securely
held by an assistant, leaving the operator’s hands
free to secure the head, pass the crop tube, palpate
the crop to check its location and administer the
fluids and any accompanying oral treatment(s).

Crop tubes are likely to require lubrication, espe-
cially in the dehydrated patient. Specially designed
stainless steel crop tubes for birds with a large atrau-
matic end are available commercially; alternatively
urinary catheters or lamb feeding tubes can be used.
The tube should be introduced via the commissure
of the beak and slid down the inside of the cheek
and down the neck to enter the crop. The tube should
be palpable on the left side of the neck, where the
oesophagus tends to lie in most birds. Volumes of
between 1% and 2.5% body weight can be adminis-
tered into the crop. Following administration, the
bird should be returned to a dark quiet box and all
further stress avoided.

In sick, weak, severely dehydrated or otherwise
compromised birds, oral fluid therapy may not be
possible. In such situations a parenteral route should
be chosen. Subcutaneous fluids can be given into
the fold of skin immediately cranial to the thigh.
Absorption rates from such sites will vary depending
on the adequacy of perfusion of this area; perfusion
is likely to be poor in a collapsed and dehydrated
patient. Use of the enzyme hyaluronidase in fluids
will promote fluid uptake from subcutaneous injec-
tion sites. Intravenous catheters can be placed in the
basilic or medial tarsometatarsal veins. The latter
is particularly useful in waterfowl. Maintenance of
these catheters can prove difficult and the basilic
vein is easily blown.

Intraosseous catheters are much better tolerated
than intravenous catheters and their use is recom-
mended. In birds the aerated bones, namely the



humerus and femur, should be avoided as an injec-
tion of fluid into these bones is likely to enter the
lung-airsac system. The preferred sites for placement
of intraosseous catheters are the proximal and distal
ulna, together with the proximal tibia. The skin
should be aseptically prepared and a spinal needle,
or similar, introduced at the appropriate site. The
catheter should be bunged and protected from the
patient. Water soluble preparations suitable for intra-
venous use can be administered via the intraosseous
route.

Drugs that can not be given in this way can either
be administered intramuscularly or via the subcu-
taneous route. Subcutaneous injections can be given
in the loose skin of the axilla and groin. Small
volumes can be injected under the skin overlying
the tibiotarsus as this area is easily immobilised
and cleaned when the bird’s leg is extended. Intra-
muscular injections are best administered into the
distal third of the pectoral musculature. Aseptic
injection techniques should always be followed.
The possibility of tissue damage should not be
overlooked when administering i.m. injections and
should be avoided in wild birds, where muscle
damage may affect flying ability and fitness.

Drug administration in small mammals

The size of the patient should not be a reason to
overlook the need for fluid therapy. Fluid losses can
become very significant in small patients and efforts
should always be made to minimise these (imma-
culate haemostasis, warming and humidification
of inspiratory air, etc.). It is recommended that all
small mammalian patients should receive fluids —
this is particularly important when their fluid intake
is reduced through illness, stress and debility. At
the very least subcutaneous or intraperitoneal fluids
should be provided. Fluids should always be warmed
to body temperature. They should be injected in an
atraumatic and aseptic manner.

The intraperitoneal route allows for the injection
of significant volumes of fluids into a body cavity
with a large surface area for absorption. This route is
often better tolerated than the subcutaneous route.
Consideration should be given to the abdominal
anatomy and the key structures to be avoided. Palpa-
tion of the abdomen is appropriate to determine the
size and fill of structures such as the spleen and the
caecum. The cranial quadrants should be avoided
where the liver and/or spleen are palpable. The
caudal midline should be avoided where the bladder
is full. The caudal left quadrant should be avoided
where the caecum is full. This is likely to leave the
right caudal quadrant as the most suitable site for
an intraperitoneal injection. Volumes of 1-3 ml in
mice, 2-4 ml in hamsters and gerbils, 10 ml in rats
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and 25-50 ml in rabbits are appropriate. The use of
indwelling intravenous catheters should be viewed
as routine in ferrets and rabbits. With practice, the
placement of fine gauge (e.g. 22, 24 and 27 gauge)
catheters is readily mastered.

Use of the cephalic and saphenous veins is pos-
sible in both rabbits and ferrets. In the rabbit the
marginal ear vein can also be used. The skin should
be aseptically prepared and can be desensitised with
local anaesthetic cream to facilitate catheter place-
ment. In collapsed ferrets and rabbits with low blood
pressure, as well as in young and small individuals,
attempts to place an intravenous catheter may be
unsuccessful. Use of intraosseous needles is appro-
priate in these situations. The proximal femur is
easily accessed in both species and can also be used
in guinea pigs, chinchillas and other small mammals.
Placement of the catheter/needle is best performed
under general anaesthesia. Medications can be pro-
vided via the oral, subcutaneous, intramuscular,
intravenous and intraosseous routes, providing they
are compatible with that route.

Syringe feeding of rabbits via a dosing syringe re-
quires skill and patience. Itis, however, an invaluable
skill and one that all nurses should acquire for it
will contribute to the nursing care and successful
treatment of most sick patients. It is also a skill that
needs to be clearly demonstrated and explained to
owners who wish to continue supportive care at
home. In smaller mammals, such as rats, intragastric
drug administration is possible using a metal feeding
needle (similar to the metal avian crop tubes). Tubes
should always be measured up prior to insertion,
by measuring the distance from the nares to the
last rib. Subcutaneous injections can be administered
into the loose skin of the neck and back in most
species. Intramuscular injections are rarely indicated
as most drugs can be administered via either the
intravenous route (where a catheter has been placed)
or via the subcutaneous route.

The limited muscle mass in small mammals is
a limiting factor, especially in cachectic patients.
The quadriceps musculature is probably the most
accessible muscle mass but it is tightly enveloped
in fascia and large injections are therefore likely
to prove painful. In rats the maximum volume that
can be injected into the quadriceps is approximately
0.2-0.3 ml. This falls to 0.1 ml in hamsters and gerbils
and 0.03ml in mice. Intravenous injections can be
administered into the cephalic and saphenous veins
in the rabbit and ferret, whilst in smaller mammals
the lateral tail veins are likely to be appropriate.
Intraosseous drug administration is also practical
and is indicated in any patient where i.v. access is
impractical. In small rodents a 24-26 gauge needle
can be placed into the proximal femur, providing
rapid access to the circulatory system.
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Drug administration in reptiles

Fortunately most reptiles will take up fluids, both
orally and via the cloaca, when placed in a bath.
This avoids the need to handle and stress patients
and will also promote defaecation and urination.
Fluid presentation may have been inadequate and
novice owners, of chameleons particularly, may
require advice on how to provide a recognisable
and hygienic source of water. Where the patient is
too sick to rehydrate itself orally, fluid therapy
should be provided via oesophageal gavage or via
a suitable parenteral route. A blunt-ended gavage
tube should be pre-measured to the level of the
stomach prior to insertion. In chelonia the stomach
is positioned level with the midpoint of the plastron.
In snakes the distal oesophagus/stomach is situated
approximately 33-50% of the snout-to-vent length
from the mouth. Suggested maximum volumes are
5-15 ml/kg in chelonia, 10-20 ml/kg in lizards and
15-30 ml/kg in snakes.

The intravenous, intracoelomic and intraosseous
routes are all suitable routes for parenteral fluid/
drug administration. The subcutaneous route is
less useful in reptilian compared with mammalian
patients due to the relative inelasticity of reptile skin.
Significant leakage of injected material from subcu-
taneous injection sites can be seen and is obviously
undesirable. The intracoelomic route is preferred
to the subcutaneous route and is comparable to
the intraperitoneal route in mammals. In chelonia,
access to the coelom is obtained by injecting into
the prefemoral fossa; an alternative ‘epicoelomic’
route is accessed by inserting a needle immediately
caudal to the shoulder joint, just dorsal and parallel
to the plastron. In lizards, intracoelomic injections
are administered with the animal in lateral or ventral
recumbency, by inserting the needle into the sub-
lumbar fossa and advancing it cranially almost
parallel to the body wall.

In snakes, injections should be made into the
caudal quarter of the coelomic cavity, via the left
flank, to avoid the extensive right air sac. The intra-
muscular route is probably the most practical and
useful parenteral route. Suitable muscle masses
include the epaxial muscles in lizards and snakes.
In lizards and chelonia, the triceps brachii and
quadriceps femoris can also be used. Intravenous
access is possible via a number of sites including
the jugular vein in chelonia, lizards and snakes, the
ventral coccygeal vein in lizards and snakes and the
dorsal tail vein in chelonia. Intraosseous catheteri-
sation is extremely useful, both in chelonia and
lizards. The most readily accessible site for needle
placement in chelonia is the caudal plastrocarapacial
pillar, accessed immediately cranial to the plastro-
carapacial bridge area. Inlizards, suitable sites include
the distal humerus, distal femur and proximal tibia.

Drug dispensing in exotic patients

Drug therapy in avian and exotic veterinary medi-
cine presents veterinary professionals with some
interesting and challenging problems:

e the range of species dealt with is enormous

o very few drugs are licensed for use in exotic
species

 treatment is, sadly, often initiated without a
diagnosis

¢ small size may make accurate dosing difficult

o differences in metabolic rate may need to be
taken into consideration

e targeted drug delivery to specific tissues may
require specialist techniques and preparations

e important differences may exist between species:
drug pharmacokinetics
animal handling
route of administration
water consumption
drug side effects.

A good understanding of avian and exotic animal
medicine is required in order for appropriate choices
to be made. It is essential that general practi-
tioners recognise their limitations and offer clients
the option of referral where appropriate. Avian and
exotic animal medicine is now a highly specialised
discipline and the gap between the standard of care
offered in general, as compared with specialist, prac-
tice will continue to widen. Specialist advice should
therefore be sought wherever possible in order to
ensure that clients are informed about the full range
of options available to them.

It is no longer acceptable for every sick avian and
exotic patient to be prescribed enrofloxacin (Baytril)
without a diagnosis being made. This approach/
practice arose for two main reasons:

e interpretation of the prescribing cascade would
appear to suggest that Baytril, as the only
antibiotic licensed for use in avian and exotic
patients, is the most appropriate choice

e failure to examine and investigate patients
adequately will result in failure to arrive at an
accurate diagnosis and failure to select a more
appropriate treatment; the prescription and
dispensing of Baytril in this manner can be
viewed as irresponsible and will only result in
the propagation of resistant strains of bacteria.

Selection of an appropriate medication for use in

an avian or exotic patient will follow the prescribing

cascade for non-food-producing animals. Certain
companion animals may, in point of fact, be food-
producing animals and this fact should not be over-

looked. Rabbits, pigeons, quail, waterfowl and a

number of other avian species are potentially food-



producing animals as their meat, milk and/or eggs
may be intended for human consumption. It is the
prescribing veterinary surgeon’s responsibility to
establish that the patient is a non-food-producing
animal.

Informed consent should be obtained from the
owner of any exotic pet presenting to a veterinary
surgeon. The consent form should clearly indicate
that unlicensed medications are likely to be used in
their animal and that this may carry risks. A separate
section should establish whether there is any possi-
bility that meat, eggs or milk from that animal is
intended for human consumption. The form should
clearly identify the animal (ID chip, closed leg ring,
tattoo, ear tag, etc.) wherever possible.

If there is no medicine authorised in the UK for
a condition affecting a non-food-producing species,
the veterinary surgeon responsible for treating the
animal(s) may, in order to mitigate unacceptable
suffering, treat the animal(s) in accordance with the
cascade system (see Chapter 2). Additionally, where
an EU authorised veterinary medicinal product is
unavailable, there exists the possibility to import
an EU authorised human medicinal product or an
authorised veterinary medicinal product from the
rest of the world. At this stage the VMD should
be contacted for advice on the most appropriate
course of action. The VMD will issue an SIC for the
importation of an EU Veterinary Medicinal Product,
or an STC for an EU human medicinal product or
any product (veterinary or human) from the rest of
the world.

The lack of suitable authorised products in avian
and exotic pets means that the prescribing cascade
will frequently be referred to. The following three
examples illustrate how a specific product can be
chosen and reformulated where appropriate, for use
in a specific indication in a specific species.

Example 1
A Blue Fronted Amazon parrot fed on an all-seed
diet and presenting with pruritus, impaction of the
salivary glands, hyperkeratosis of the oral cavity
and periorbital swellings. These are all classical signs
of hypovitaminosis A. In addition to correcting the
diet, such a patient requires treatment with an inject-
ble formulation of vitamin A. No injectable vitamin
A preparation (veterinary or human) is, however,
available in the UK. Treatment with an injectable
formulation is indicated under the prescribing
cascade because:
e arapid response to treatment is required
o dietary supplementation is less reliable
o dietary changes are unlikely to be well
accepted by the patient and a change to a
complete balanced diet will only be possible
over time.
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A rapid improvement will also encourage owners
to comply with the recommended changes as they
areless likely to question the diagnosis and treatment
in the face of successful treatment.

In this situation, application must be made to the
VMD for an STC or SIC, allowing the importation
of an alternative product. Injectable vitamin A is
available from Romania and the United States. Both
products are human medicinal products and will
therefore require an STC.

Example 2

A rabbit presenting with purulent rhinitis and
dacryocystitis is found to have a Pasteurella infection.
Culture and sensitivity testing confirms the diag-
nosis and highlights resistance to tetracyclines and
fluoroquinolones, but good sensitivity to gentamicin,
chloramphenicol, penicillin and potentiated sul-
phonamides. Of the suggested antibiotics, only
gentamicin (Tiacil, Virbac) has a UK licence for use
in rabbits. Whilst topical treatment is appropriate,
the patient is likely to benefit from systemic treat-
ment. Both penicillinand potentiated sulphonamides
are licensed for use in other animals and can, there-
fore, be considered. Procaine penicillin (e.g. Depocillin,
Intervet) is a depot preparation that can be admin-
istered by the subcutaneous route on a once weekly
basis for 3—6 weeks.

This practical option may make it a suitable
choice. Consideration should be given, however, to
the possibility that the drug, even though given
parenterally, may provoke a severe (or even fatal)
dysenterobiosis. In view of this, use of a potentiated
sulphonamide may be preferable. Daily administra-
tion will necessitate daily injections with a suitable
product licensed for use in other animals. If this
is impractical, use of an oral preparation may be
indicated. Oral preparations are available, e.g. sulfa-
dimethoxine (CoxiPlus, Genitrix), for administra-
tion in the drinking water. An assessment may be
made that medication via the drinking water is too
inaccurate, in which case an alternative oral formula-
tion must be used. Use of a human paediatric solu-
tion can be selected under the prescribing cascade
because:

e itis available in a dilute form that can be more
accurately dosed

e itis available in a palatable form that will be well
accepted by the patient

e itisindicated on culture and sensitivity grounds

e itis deemed to be safer than alternative
products.

Where the infection has invaded the bony tissues,

the preparation and implantation of antibiotic im-

pregnated beads is likely to be appropriate. In such

cases reformulation of a gentamicin preparation
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to include it in suitably sized methylmethacrylate
beads is appropriate.

Example 3

A goldfish presenting with a tumour requires surgery
under general anaesthesia. An authorised product
for the induction and maintenance of general anaes-
thesia, tricaine methanesulfonate (MS222, Pharmagq),
is available in the UK. Where an alternative product
is used, the veterinary surgeon should be able to
justify the decision to do so on clinical grounds.
Alternative anaesthetic regimens include the use
of injectable medetomidine and ketamine or clove
oil. The former could be justified where reversal of
the anaesthetic agent is desirable. The latter can be
used under the Small Animal Exemption Scheme
for minority species. This scheme lists a number
of products that have been used historically in a
number of small species (e.g. permethrin in rabbits,
carnidazole in pigeons) but where the market is
too limited to warrant the expense of applying for
a marketing authorisation. Products currently on
the market can continue to be marketed until 2007,
by which time they need to become specifically listed
under the scheme.

Health and Safety

Health & Safety at Work Act
1974

Under this Act, employers are required to have

a policy setting out how they ensure that risks

to health and safety of employees, contractors and

customers are kept as low as is reasonably practical.

Where five or more people are employed, this policy

must be set down in writing. Such a written policy

must include:

* astatement of general policy

o delegated responsibilities for dealing with
specific areas (e.g. equipment, substances,
training, first aid, fire, reporting of accidents, etc.)

e general instructions to staff arising out of the
significant findings of the risk assessments.

Such a document must aim to be concise, pointing

the reader to more detailed guidance where necessary.

Management of Health & Safety
at Work Regulations 1999

These regulations require employers and the self-
employed to identify:

e the hazards arising from their work

* who could be affected by those hazards
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e the measures to control the risk of those hazards
causing harm.

The measures identified by the risk assessment will

include the need to comply with other regulations

(e.g. ionising radiations) as well as those to deal with

specific hazards not covered by regulations (e.g. the

hazardous behaviour of animals). They must, in
order of priority, seek to:

o eliminate the hazard (e.g. substitute a
disinfectant containing glutaraldehyde with a
less hazardous one)

* physically control access to the hazard
(e.g. prevent entry into areas where ionising
radiations are being used)

e provide information, instruction, training and
supervision to ensure people work in a safe
manner (e.g. SOPs, safety signs, local rules,
proper training)

e consider if personal protective equipment needs
to be provided (e.g. face masks or goggles).

Where five or more people are employed these

significant findings of the risk assessment must be re-

corded (often as an attachment to the health & safety
policy). Risk assessments for the employment of
young persons (under 18 years of age) are required.

A risk assessment assessing whether the practice
premises does, or is liable to, contain asbestos, any
risk arising therefrom, and action taken to manage
the risk, may be required (Control of Asbestos at

Work Regulations 2002). Employers have a legal

duty to consult with their employees regarding

health & safety. This should include:

e the regular circulation of the health & safety
policy amongst staff, including the significant
findings of risk assessments

e the regular circulation of the results of any
monitoring of health & safety standards in the
work place and action for their improvement.

Control of Substances Hazardous
to Health Regulations 2002

The risk to health and safety from veterinary medi-
cines and other substances has to be assessed under
the Control of Substances Hazardous to Health
Regulations 2002 (COSHH). There is wide variation
in risk — many are low to medium risk but there are
some substances in veterinary practice which pose a
very serious risk to health. Implementing measures
to control the exposure to low- or medium-risk sub-
stances can be adequately achieved when they are
assessed by their therapeutic group/type/route of
administration, etc. The practice can set out standard
measures to control exposures to medicines such as:
* injectable anaesthetics

e pour-on anthelmintics



e steroidal compounds
e antibiotics.

Within these groups, practices must identify any
specific medicines or substances that could have
longer-term health risks, such as allergies (e.g. peni-
cillin) or sensitivities (e.g. latex). Specificand detailed
assessments and the resulting measures to control
exposure must be made for high-risk substances
such as:

e any hormones

e oil-based vaccines

e cytotoxic drugs

¢ glutaraldehyde disinfectants

e tilmicosin (Micotil).

It is recommended that practices request and keep
COSHH sheets for all products used on their pre-
mises. These sheets should be obtained from the
manufacturers whenever a new product is ordered.
If, for example, an incident occurs at work follow-
ing which a member of staff must attend Accident
& Emergency, they can take with them full details of
the product with which they have had contact.

Administering medicines

Improvements in drug presentations have meant
increases in safe practice for nurses but have put
increased demands on their technical skills, e.g. in
the use of syringe drivers and pumps. The traditional
role of the nurse does not include training in such
areas and these electronically controlled delivery
systems may require additional training if used.

Dispensing medication for clients
to use at home

o Personal hygiene when administering oral
medications to pets must be reinforced,
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Fig. 3.7 ‘Handle with care’ label.
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especially if the patient has an infectious
condition.

* Wear gloves for the handling of all medications
where practical — and essential for those that are
absorbed through the skin or being administered
by clients with sensitivities or allergies. Figure
3.7 shows a hazardous drug labelled with
instructions to wear gloves. Every bottle should
be labelled both inside and on the outer
packaging.

¢ Ensure the client is aware of any effects self-
administration might cause and when to seek
medical advice.

Disposal of administration
equipment

Needles and other sharps should be carefully dis-
posed of in the sharps bins, which are then collected
for incineration. It is advisable that this is done
immediately after use. The sharps must be collected
in an approved container, which can be sealed and
which has a handle. Unofficial containers, such as
used tablet pots, are not acceptable. Syringes con-
taining medicines should be disposed of into DOOP
containers (see Disposal of unwanted medicines
below). Empty syringes may not always require to
be disposed of as special waste.

Disposal of contaminated body
secretions and excretions

Specialist advice should be sought wherever there
is a need to dispose of contaminated body waste
(e.g. a chemotherapy patient’s urine/faeces). Trace
chemotherapy and other hazardous drugs should
be disposed of by a regulated medical waste com-
pany through incineration. These recommendations
are consistent with current knowledge of the toxicity
of antineoplastic (cytotoxic, chemotherapeutics,
anti-cancer) agents.

Record keeping and stock
control

Ordering/requisitioning
procedures

Most practices utilise an automated ordering system
similar to ESCOS, which has a built-in stock level
specific to your practice and transfers the order
directly to the supplier. The Misuse of Drugs Regula-
tions 2001 was amended in 2003 to allow computer-
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generated requisitions for controlled drugs but all
Schedule 2 medicines require an original order with
a vet's signature before they can be processed.
Schedule 3 drugs require an MDA form.

Stock control

There must be an efficient stock control system to
ensure a continuous supply of all products and re-
moval of out-of-date medicines. An adequate supply
of medicinal products and materials used in the
treatment of patients must be readily available.

Depending on the workload of the practice, some
agents may be used infrequently, which results in
some drugs exceeding their shelf-life. Adequate stock
control is therefore required. Many of the common
injectable and oral agents require refrigeration; these
agents should be kept away from animal or human
food sources. Although cytotoxic drugs are not
controlled by law, they can be abused with serious
results — locked refrigeration is recommended. Drug
residues have been found on the outside of manu-
facturers’ packaging and on surfaces adjacent to
stored, unused cytotoxic products. Thus from the
time the drug arrives in the practice, the agent
should be handled with gloves and should only be
dispensed by trained personnel. It is also wise to
store the agents in clear, plastic, zip-lock type bags.

To avoid surplus stock, some practices may charge
the client for the entire amount of drug in a pack.
If small amounts of medicines are only required
for occasional use, the provision of a prescription is
often more suitable.

Storage of medicines

It is recommended that all drugs are stored in
accordance with manufacturers’ recommendations,
whether in the practice or in a vehicle. If it is
stipulated that the drug be used within a specific
time period, it must be labelled with the opening
date. It is advisable that at least one member of staff
must have completed an appropriate pharmacy
course within the last 5 years to keep up to date with
current recommendations. There are many specific
storage requirements for drugs and it is always wise
to consult the data sheets of any drug you unpack
which you are unfamiliar with.
¢ Rimadyl (carprofen) should be stored in the
refrigerator until opened and then kept at room
temperature.

¢ Max/min thermometers should be used both in
drug refrigerators (Fig. 3.8) and in the
dispensary to ensure the environmental
conditions do not fluctuate outside the
recommended ranges.
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Fig. 3.8 Maximum/minimum thermometer.

o Light-sensitive drugs, such as injectable
oxytetracycline, should not be drawn up and left
in clear syringes for dispensing. The syringe
should be placed in a brown envelope or bag
until used.

e All environmental variables should be
considered, including humidity and so it is
unwise to store drugs near to the autoclave.

e Health and safety considerations include storing
large containers on the ground and any
potentially hazardous chemicals away from the
general public.

¢ Affix a practice label to each item before it is
placed in stock and write the date of first use on
multidose vials to ensure the recommended
period of use is not exceeded.

e Once stock has been dispensed it should not be
accepted back into the dispensary because there
may have been storage problems whilst the
product was not under your care.

Disposal of unwanted medicines

Pharmaceutical products, veterinary compounds
and Prescription Only Medicines (POMs) constitute
‘special waste’” and therefore out-of-date products
must be disposed of in accordance with the Special
Waste Regulations 1996 (as amended) and the
Groundwater Regulations 1998.

e POMSs which are prescribed for use in the ‘home’

and which enter the home for use by the animal



owner are considered to be household waste and
are exempt from the regulations.

e VMPs which are classified as P (no longer exists),
PML (now POM-VPS or NFA-VPS), GSL and
MFSX (now POM-V or VPS) are not defined as
special waste and do not come within the scope
of the regulations. But:

e Some of these VMPs will become special waste if
they exhibit certain other properties such as
particular physical/chemical, toxic or ecotoxic
properties; more details are given in the Special
Waste Regulations (1996).

Most pharmaceutical waste should be placed in the
DOOP (disposal of old pharmaceuticals) bin, but
Schedule 2 drugs which are no longer required
should be stored and destroyed in the presence of
a police officer from the drugs squad or a member
of the home office who then countersigns the con-
trolled drugs book. It is also a requirement that
the drug is destroyed in a manner that renders it
unvailable for further use. The easiest method is
to inject it onto cat litter, which will absorb the
agent. This then should be incinerated. The disposal
instructions reflect the results of the required safety
tests and take into account any potential risks to
the environment, health of humans, animals and
plants.

Pharmaceutical waste, being classed as special
waste, has to be collected separately from other clini-
cal waste. There are still some grey areas as to what
is covered by pharmaceutical waste, but it includes
the following;:

e prescription-only medicines

e any part-full bottles or part-used ampoules
e out-of-date medicines

e discarded chemicals

e cytotoxic products.

This implies that empty syringes and pharmaceutical
bottles, including vaccine vials, need not be placed
into DOOP bins but it is advisable to seek specialist
advice when setting practice policies.

Special waste must be collected and disposed of
by aregistered contractor. Responsibility for pharma-
ceutical waste remains with the veterinary surgeon
(the producer) until it is disposed of correctly. Collec-
tion requires completion of a six-part form, which
documents and traces the waste from producer
through carrier to incineration. The waste contractor
will often provide the documentation. In addition,
pre-notification is needed, for each collection, to
inform the local authority that the waste is being
collected. Pharmaceutical waste must be treated
separately by the carrier; if the carrier does not differ-
entiate between pharmaceutical and other clinical
waste, it is advisable to document this for your own
benefit.

Pharmacy Practice

Accidental injection or ingestion

Cytotoxic drug tablets should not be split or crushed
and capsules should never be opened and divided.
Safe dosing schedules can be devised by increasing
the dosinginterval, sourcingalternative formulations
or reverting to injecting the drug. Whenever possible,
tablets and capsules should be dispensed without
altering the manufacturer’s packaging and an
additional warning should be added to the label
instructing owners not to crush or split the tablets.
An accident book is required by law and must
meet the requirements of the Data Protection Act.
It must record the following;:
e date and time of accident or occurrence

e full name and address of the person involved
and the injury or condition suffered

e where the accident or occurrence happened
¢ a brief description of the circumstances

e in the case of a reportable disease: the date of
diagnosis, the occupation of the person
concerned and the name or nature of the disease.

This information must be kept for at least 3 years
and all staff must know where it is located.

Practices should have a procedure for the Report-
ing of Injuries, Diseases and Dangerous Occurrences
as required by RIDDOR regulations 1995. Any injury,
accident or work-related illness which keeps an
employee off work or unable to do their normal job
for more than three days must be reported to the
Incident Contact Centre (ICC) within 10 days. The
ICC is the single point of contact for all incidents
in the UK. Incidents can be reported by Telephone
0845 3009923, Fax 0845 3009924, or by Post to ICC,
Caerphilly Business Park, Caerphilly, CF83 3GG
(HSE).

There should be a suitably stocked first-aid box,
as required under the Health and Safety (First Aid)
Regulations 1981, and a person or persons should
have been appointed to take charge should someone
fall ill or be injured, and to re-stock the first-aid
box as required. There is no standard list of items
to be included in the first-aid box, although there is
a suggested minimum:
¢ aleaflet giving general guidance on first-aid

e 20 individually wrapped sterile adhesive
dressings

e 2 sterile eye pads
e 4individually wrapped triangular bandages
e 6 safety pins

¢ medium-sized individually wrapped sterile
unmedicated wound dressings

e 2 large sterile individually wrapped
unmedicated wound dressings

¢ 1 pair of disposable gloves.
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Suspect adverse reactions

Adverse reactions in humans or animals to medicinal
products should be reported promptly to the Veteri-
nary Medicines Directorate and to the manufacturer
(see Chapter 1 for more details).

Packaging and labelling
of medicines

Packaging

Guidelines for dispensing are available in the current
BSAVA Small Animal Formulary and the BVA Code
of Practice on Medicines (2000). The Royal Pharma-
ceutical Society of Great Britain recommends that
when repackaging medicines from bulk containers,
they must be dispensed in appropriate containers,
both for the product and the user.

o Tablets and capsules must be dispensed in
crush-proof and moisture-proof containers.

» Solid dose and external preparations should be
dispensed in a re-closable, child-proof container.

o There can be exceptions made if the medicine is
in the manufacturer’s original pack such as a
blister pack. These should be dispensed in paper
board cartons or wallets or paper envelopes.

e Discretion may be exercised in the use of child-
proof containers for the elderly and infirm.
Advice must be given to keep all medicines out
of the reach of children.

e Paper envelopes and plastic bags are
unacceptable as the sole form of packaging of
veterinary medicines.

¢ Sachets should be dispensed in paper board
cartons or wallets, or paper envelopes.

e Under The Medicines (Fluted Bottles)
Regulations 1978, certain medicinal products for
external use should be dispensed in fluted
bottles so that they are recognisable by touch.
This requirement does not apply to volumes in
excess of 1.14 litres or to eye or ear drops
supplied in plastic containers.

e Creams, dusting powders, granules, ointments,
pessaries, powders, suppositories and semi-
solids should be dispensed in wide-mouthed jars
made of glass or plastic.

o The dispenser has a duty to ensure that the
owner understands any instructions on the label
and knows how to use the product safely.

Labelling

The Medicines (Labelling) Regulations 1976 recom-
mends that the label must be mechanically printed
or indelibly and legibly printed or written in accor-
dance with statutory requirements. Biro, felt tip or
ballpoint pen are acceptable; ink and pencil are not.
The label must include the following;:

¢ name of owner or keeper

¢ address where animal is kept
¢ name and address of veterinarian
e date of dispensing

e the words ‘for animal treatment only” unless
the package is too small

¢ the words ‘keep out of the reach of children’
or words to the same meaning

o the words ‘for external use only” or ‘not to be
taken internally” for medicines that are for
topical use, e.g. eye or ear formulations,
lotions, liquid antiseptics

e ideally the label should not obscure the expiry
date of the preparation or important printed
information on the manufacturer’s label or
pack; small tubes may be dispensed in an
appropriately labelled envelope

e product information leaflets should be
dispensed where possible with the product.

Common prescribing
abbreviations

Directions should preferably be in English without
abbreviation. It is acceptable, however, to use some
Latinabbreviationswhendispensingand prescribing.
These should be limited to those in Box 3.5.
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Common abbreviations used in veterinary medicine prescription writing and labelling

a.c. before meals o.m. in the morning

ad. lib. at pleasure (ad libitum) o.n. at night

amp. ampoule p.c. after meals (post cibum)
b.i.d. twice a day (bis in die) p.r.n. as required (pro re nata)

cap. capsule q. every (e.g. q12h means every
e.o.d. every other day 12 hours)

g gram g.i.d./q.d.s. four times a day (quater in die)
h or hr hour qg.s. a sufficient quantity

i.m. intramuscular s.i.d. once a day (semel in die)

i.p. intraperitoneal Sig: directions/label

it intratracheal stat immediately (statim)

i.V. intravenous susp. suspension

lorL litre tab tablet

m? square meter t.i.d./t.d.s. three times a day (ter in die)
mg milligram ul microlitre

ml millilitre

Questions for Chapter 3

Convert the following: 13. 30 g dissolved in 1000 ml
1. 2.4 kg into grams 14. A 7.5 kg dog needs two daily injections. If
. - each injection is 15 ml, calculate the dose
2. 1.02 I ’
02 g into milligrams rate in mg/kg/d. What weight of drug in
3. 0.6 mg into micrograms grams will be administered over a 5-day
4. 7.1 uginto nanograms period if th-e solution used is of 2.5%
concentration?
5. 250 ml into litres )
15.  Convert the following:
6. 1 decilitre into ml % into mg/ml
. -2.5
7. 900 intom
ug g _o1
8. 2ginto kg -1.25
9. 0.003 g into -18
& He -33.3
10. 2400 pg into grams
mg/ml into % solution
How many mg/ml are the following -1
solutions? (work out the % solution first) ~—01
11. 20 g dissolved in 100 ml -10
. ) -100
12. 25 g dissolved in 400 ml -3
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16.

17.

18.

Which of these three solutions is the most
concentrated?
— Solution A has 25 g of solute in 750 ml
of solution
— Solution B has 253 g of solute in
1750 ml of solution
— Solution C has 2.56 g of solute in 78 ml
of solution
To work this out you need to first
determine what % each solution is, i.e.
divide the weight in grams by the volume
in ml and multiply by 100.

A dog weighing 8 kg needs injections t.i.d.
of a 4% solution. Calculate the weight in
mg of the drug and the volume in ml that
it receives per injection. Assume a dose
rate of 6 mg/kg/8 h.

What do the following abbreviations stand
for?

u.i.d.
u.d.s.
o.d.
p.r.n.
a.c.
p.c.
o.m.
o.n.
qg.s.
C.i.
d.i.

19.

21,

22,

What volume of 2.5% thio would you give to
a 10 kg dog if the dose rate is 10 mg/kg?
a. 4ml

b. 14 ml

c. 10 ml

d. 7ml

What volume of amoxicillin would you give
a 5 kg cat if the dose rate is 5 mg/kg and
the solution contains 5 mg/ml?

a. 2ml

b. 3 ml

c. 4mil

d. 5ml

How many tablets would you dispense for
a 5-day course to a 2.5 kg cat if the dose
rate is 10 mg/kg q 12 h and tablets come
in 50 mg and 250 mg?

a. 10 x50 mg

b. 5x 50 mg

c. 2x 250 mg

d. 5x250 mg

How many mg/ml are there in 1.25% thio?
a. 12.5
b. 1.25
c. 22.5
d. 125

For answers go to page 238



General Pharmacology

Learning aims and objectives

After studying this chapter you should be able to:

Describe the processes of absorption,
distribution, metabolism and excretion

List the ways drugs act on their receptors

State the equation to calculate a drug’s
therapeutic index

List the drugs that should not be mixed with
other agents

Describe how to safely store and handle
hazardous drugs.

Pharmacokinetics

This is the investigation of the fate of the drug.
Basically, it concerns the effect of the body on the
drug and takes into account the processes of:

e absorption

e distribution

* metabolism

e excretion.

Absorption

Firstly, the drug must be given in a suitable form at
an appropriate site of administration. If local action
isrequired, absorption from thesiteisa disadvantage,
but when systemic effects are needed, absorption
is essential. Unless given by the intravenous route,
drugs need to penetrate the cell membranes that
form a barrier between the drug and the circulation.

Rate of absorption is governed by several factors:

e Dosage form — this is the form that the active
pharmacological agent is introduced into the
body. Drugs in aqueous solutions are more
rapidly absorbed than those in oily solutions,
suspension or solid form. For example, procaine
benzylpenicillin has a duration of 24 hours in
plasma; benzathine benzylpenicillin has a very
low solubility and a duration of several days in
plasma.

¢ Route of administration — there are two classes:

Enteral. Oral, sublingual and rectal are all
included in this category. Drugs are absorbed
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all along the gastrointestinal tract and must
cross the intestinal epithelium to enter the
capillaries or lymphatics via the vessel wall.
This passage is largely due to simple diffusion
through the lipid membrane, but other
mechanisms such as filtration and active
transport do occur. The intestinal epithelium
can even engulf large drug molecules by
pinocytosis. There are several important
features associated with oral administration:

it is crucial that the drug is released from
its dosage form, i.e. disintegration of
capsules or dissolution of powders
the presence of food may reduce absorption
gastric acid secretion may affect the drug
possible irritation of gastric mucosa
microorganisms and gut enzymes may
render the drug ineffective
there will be some loss of drug due to the
drug-metabolising enzymes in the liver
that will inactivate some drug before its
entry into the circulation; this is known as
the first-pass effect.
Parenteral. This method includes
intramuscular (i.m.), intravenous (i.v.) and
subcutaneous (s.c.) injections. All of these
methods bypass the gut and the desired
plasma concentration of the drug is reached
more quickly.
¢ The physical and chemical characteristics of the
drug.
¢ Blood flow at the site of administration/
absorption.

Distribution

Once a drug is in the bloodstream it distributes
throughout the various body fluid compartments.
Factors affecting this include the regional blood flow,
the lipid solubility of the drug, the extent to which
the drug becomes protein-bound and the existence
of a suitable active transport system. Many drugs
are protein-bound as they are so insoluble in water
that they would not be transported in blood if it
were not for this association. The most common
protein involved is albumin and disease states that
alter the amount of protein, such as uraemia and
hypoproteinaemia, can affect the binding process.

There are also some functional barriers in the
body, the blood-brain barrier being an example. This
is a barrier between the plasma and the extra-
cellular space of the brain and although it allows the
passage of nutrients and lipid-soluble agents, some
drugs (e.g. penicillin) have great difficulty in cross-
ing unless inflammation is present. Other barriers to
penetration include the walls of abscesses, penetration
into bone and access to mammary tissue.

The body water percentage of newborns is
75-80%, about 20% higher than in the adult. This
results in a larger volume of distribution, meaning
water-soluble drugs may require larger initial doses
to achieve the desired effect. There is also less muscle
mass and decreased fat deposits, resulting in higher
distribution of cardiac output to the vessel-rich
organs such as the brain and heart. Drugs such as
muscle relaxants or thiopentone that redistribute
to muscle or fat therefore have a longer duration of
effect.

Metabolism

Some drugs are excreted by the body unchanged,
butmostundergo one or more metabolic conversions.
The purpose of this may be to render the drug
more soluble to increase the ease of excretion. Occa-
sionally a drug needs to be metabolised to its active
form before it can have its effect. An example of
this is primidone (Mysoline), which is converted to
phenobarbitone by the liver.

The enzymes that carry out drug metabolism are
found throughout the body including the kidney,
lung and plasma, but the major site of drug metab-
olism is the liver. The frequency of liver damage as
a sign of toxicity indicates the active role this organ
plays in removing the drugs from the blood. The
liver enzymes are also responsible for drug tolerance,
a situation where increasingly higher doses of a
drug must be given to produce the same effect. This
can be seen with the barbiturates and is called
enzyme induction. Factors affecting drug metabolism
include:

* Species differences — for example the cat has
much slower hepatic drug metabolism than
many other species. It is defective in its ability to
form most glucuronide conjugates, which is the
major method of drug metabolism in mammals
and hence should not be given paracetamol,
which remains at toxic doses within the body.

o Age —fetal and newborn animals have a limited
capacity to metabolise drugs as hepatic enzyme
systems are functionally immature at birth. As
puppies grow and hepatic blood flow increases,
enzymatic systems mature and reach full activity
by 5-8 weeks of age, around the time of
weaning. The clinical effects of anaesthetic
agents that require hepatic degradation for
termination of action may last longer and be
more intense in animals less than 8 weeks old
and reduced doses should be used. Serum
concentrations of albumin and other proteins
used for protein binding also do not reach
mature levels until 8 weeks of age, resulting in
more unbound active drug in the circulation.
Combined with the reduced renal function in



animals less than 8 weeks of age (due to low
perfusion pressure and immature glomerular
and tubular function), this means that drugs
often have an increased duration of action.

e Sex - in rats it has been shown that females
metabolise drugs more slowly than males due to
a depressive effect of oestrogens.

e Nutrition — dietary deficiency leads to a decrease
in enzyme metabolising activity.

e Pregnancy — certain aspects of maternal drug
metabolism are decreased.

e Disease — liver pathology can affect its
metabolising ability.

Excretion

The lowering of plasma drug concentration is termed
clearance. This occurs either by excretion of unaltered
drug or by metabolism followed by excretion. The
principal organ of excretion is the kidney, where
water-soluble material is removed. Quantitatively
the next most important is the liver, which eliminates
metabolised drugsinbile. Therearealso contributions
from the sweat glands, the mammary glands and
the salivary glands. Volatile agents are excreted via
the lungs.

A small number of drugs, such as fat-soluble
drugs and toxins, remain in the tissues where they
can accumulate and cause tissue damage. Some of
the drugs excreted in the bile are reabsorbed from
the intestine — this is termed enterohepatic recycling
and is shown in Figure 4.1. Factors affecting excretion:
e protein binding prolongs drug persistence in the

body
e tubular reabsorption in the kidney, of lipid-

soluble drugs when the concentration in the
tubule rises

@ Excretion

Food and drugs

J

Bile duct

Hepatic
portal vein

@Absorption

Small intestine

©Reabsorption

Fig. 4.1 Enterohepatic recycling
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¢ tubular secretion of a drug increases its loss into
urine, e.g. penicillin

e renal blood flow

e enterohepatic circulation.

Pharmacodynamics

This is the study of the action and effect of a drug on
the body.

Drug-receptor complex

Most drugs work by associating with specific macro-

molecules called receptors. Often the receptor is a

histologically recognisable specialisation on the cell,

e.g. the motor end plate on a skeletal muscle cell.

The union of drug and receptor forms a complex

that is responsible for the initiation of activity.

o If a response is elicited, then the drug is known
as an agonist, having the right shape to fit in the
receptor and the efficacy to start a biological
action.

e Antagonists are drugs that have affinity for a
receptor, i.e. they bind with it, but do not elicit a
response as they lack efficacy. Atropine is an
example of a drug that works in this way,
blocking the receptors for acetylcholine (a neuro-
transmitter found in many synapses), and this is
how the morphine antidote naloxone works.

o Partial agonists are drugs that have affinity for a
receptor but only produce a weak response,

i.e. have reduced efficacy. In the presence of an
agonist these drugs will compete for receptors
and actually antagonise the response to the pure
agonist.

Once bound to a receptor, the drug works in one of

four ways:

Lipid-soluble drugs cross the cell membrane
and activate intracellular receptors, e.g.
corticosteroids.

Some receptors cross the membrane and
directly activate enzymes in the cell.

Receptors that are bound to transmembrane ion
channels produce very quick responses to the
binding of a drug to its receptor.

Some drug-receptor complexes activate
internal proteins that in turn activate an
enzyme or ion channel.

Side effects and toxicity

A side effect, or an adverse drug reaction, is defined
by the World Health Organization as ‘any response
to a drug which is noxious, unintended and occurs
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Therapeutic and toxic levels

The margin of safety of a drug is termed its
therapeutic index. This is worked out by the
equation:
Therapeutic index (Tl) =
The dose that was lethal in 50% of experimental animals
The dose that was effective in 50% of animals

The higher the Tl the safer the drug.

.' ANIMAL '_'

i
}
*

Fig. 4.2 The Noah Compendium

at doses used for prophylaxis, diagnosis and therapy’.
Box 4.1 shows the way the safe dose of a drug is
calculated. Side effects are always listed in the data
sheets and should always be reported to the drug
company and the Veterinary Medicines Directorate
for inclusion in future drug information leaflets.
Yellow forms for reporting incidents can be found in
the back of the NOAH compendiums (Fig. 4.2). Side
effects can affect any body system and careful clinical
monitoring of patients should be carried out during
all drug therapy. Some of the more common side
effects are listed in Box 4.2.

The skin is one of the most commonly affected
organs and the most implicated drugs are sulphona-
mides and penicillins. The signs are often due to
degranulating mast cells causing histamine release.
It may be the intended pharmacological action of the
drug that causes skin complications, e.g. immuno-
suppressive drugs causing poor wound healing,
alopecia and increased susceptibility to secondary
pyoderma. Hypersensitivity reactions are unpredict-
able and unrelated to the pharmacological action
of the drug. These are more serious as they will
persist and cross-reactions can occur with related
compounds.
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Some of the common side effects
of drugs
Gastrointestinal

e dry mouth

* metallic taste

» oesophageal reflux

* nausea and vomiting
e diarrhoea

e constipation
Nervous system

o depression

°* mania
e confusion
s collapse

Dermatological

pruritis (inflammation)
pruritus (itchy)
urticaria (hives)
photosensitivity
Blood disorders

* anaemia
» thrombocytopaenia

Most side effects that result from large doses or
long-term therapy gradually subside once the drug
is discontinued. Haematology and biochemistry
should be performed where indicated. Side effects
and toxicities should be managed according to the
clinical signs shown. For example, a dog showing
uncontrolled running movements after sulphon-
amide therapy may need sedating or a dog vomiting
after digitalis glycoside (digoxin) therapy might
require intravenous fluids.

Some side effects may not be as noticeable and
require careful observation of the patient. Digoxin
can cause visual disturbances and depression which
is made worse by any poor health such as hyper-
calcaemia (high blood calcium) or hypokalaemia
(low blood potassium). Managing a digoxin toxicity
requires specific treatments including giving drugs
like phenylbutazone or a barbiturate anaesthetic
which increase the rate of detoxification. Some drugs,
such as the antibiotic neomycin, act to decrease the
absorption rate of digoxin by acting on the gut to
destroy the bacteria responsible for absorption of
the drug.

Adverse drug reactions are either a direct toxicity,
resulting from the interaction between the drug



and its metabolites or tissues, or a hypersensitivity
reaction, which is immune-mediated. Drug-induced
fevers are thought to be immune-mediated due to
release of endogenous pyrogens. Drugs that are low
molecular weight must combine with serum pro-
teins in order to be immunogenic; a type III or IV
hypersensitivity reaction is responsible and a genetic
predisposition to sensitisation may be the reason
some animals show adverse reactions.

At the extreme end of the adverse drug reaction
spectrum is poisoning. For a general management
plan the following should be considered:

° maintain respiration

° maintain circulation

e maintain body temperature

e maintain fluid and electrolyte levels

e remove the drug (gastric lavage/emesis/active
elimination)

e inactivation of the drug (activated charcoal to
adsorb it)

e correction of metabolic disturbances caused.

Direct drug-drug interactions

A drug interaction occurs when the effects of one
drug are altered by the effects of another. Occa-
sionally these interactions are beneficial, e.g. when
using diuretics and angiotensin-converting enzyme
(ACE) inhibitors in the treatment of hypertension,
but most of the time we regard them as a problem.
Box 4.3 shows the drugs that are likely to be involved
in interactions.

When pharmaceutical preparations are mixed for
administration by virtually any route, interactions
may occur between the active ingredients or the
adjuncts in the formulations. Incompatibilities may
result in precipitation, chemical inactivation, and a
change in colour, taste or the physical form of the
preparations. A few examples of drugs with many
incompatibilities are listed below; these drugs should
not be mixed with any other drug preparations:

e semisynthetic penicillins
e benzylpenicillin

e aminoglycosides

* barbiturates

e diazepam

e vitamin B complex.

There are many pharmacokinetic interactions be-
tween drugs where one agent affects the absorp-
tion, distribution, biotransformation or excretion of
another. The data sheets should be consulted before
using more than one drug at a time to check com-
patibility. Competition for plasma-protein binding
sites is quite common, e.g. non-steroidal anti-
inflammatories (NSAIDs) displace sulphonamides

General Pharmacology

Drugs likely to be involved in
interactions

Highly protein-bound drugs

These are likely to displace other drugs from

protein-binding sites:

e aspirin

* phenylbutazone

e sulphonamides

Drugs that stimulate or inhibit the

metabolism of other drugs

e phenytoin

e phenobarbital

e griseofulvin

e chloramphenicol

e cimetidine

e erythromycin

* metronidazole

e ketoconazole

Drugs that affect renal function

o diuretics alter the renal clearance of other
drugs

Drugs with a low therapeutic index

e aminoglycoside antibiotics

e anticoagulants

e anticonvulsants

e antihypertensive agents

e cardiac glycosides

e cytotoxic and immunosuppressive drugs

and phenylbutazone displaces warfarin. Some drugs,
such as ketoconazole, do not absorb as well if the
stomach is less acidic and therefore can not be given
with antacids, H, blockers or omeprazole.

Some drugs interact even within the body and
their concurrent use should be avoided. For example
kaolin binds lincomycin in the GI tract and amino-
glycosides inactivate certain penicillins at sites of
infection — despite the synergistic action of the
penicillins and aminoglycosides in some instances.

Pharmacodynamic interactions are sometimes
desirable but may induce toxicity. For example, the
toxicity of cardiac glycosides is enhanced by hypo-
thyroidism and halothane sensitises the myocardium
to the arrhythmogenic effects of catecholamines such
as adrenaline. Fatal renal failure has been reported
following the combined use of methoxyflurane and
tetracyclines.
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Drug-food interactions

Whether the drug can be given with food is an
important dispensing point that owners must be
made aware of — too often, a drug’s efficacy is com-
promised by owners not complying with this in-
struction. The gastric pH of the dog and cat varies
from 1 to 6 depending on the relationship to feeding
stimuli and so those drugs that rely on an acid
environment for dissolution may have drastically
different effects in fasted animals compared to those
dosed post-prandially. A few examples are listed
below.
e Griseofulvin has a low water solubility and
absorption is enhanced when given with a fatty
meal.

¢ Fluoroquinolones given with food take longer to
be absorbed but the overall result is the same
and so they can be given with or without a meal.

e Drugs that require an acid environment for
absorption, such as the antibiotic rifampin,
should be given on an empty stomach.

o Other antibiotics that should not be given with
food include lincomycin, erythromycin and
oxytetracycline. Tetracyclines easily bind to
calcium ions and so absorption is decreased with
the co-administration of food and dairy
products.

e Food can impair the oral absorption of some
NSAIDs or contribute to drug interactions for
others, e.g. phenylbutazone sticks to hay in the
gut of horses and has reduced availability and
delayed absorption.

* Sometimes the same drug can have different
bioavailabilities depending on its presentation,
e.g. the antifungal drug fluconazole (Diflucan)
is best absorbed on a full stomach if in tablet
form, but on an empty stomach in its liquid
state.

Effects of disease states
on therapy

Renal disease

The glomerular filtration rate falls with age and
tubular function decreases, so even if clinically,
elderlyanimalsappearnormal, special considerations
apply. Many drugs are excreted in the urine or have
active metabolites that are so excreted and require
reduced doses in renally compromised patients,
examples include digoxin, gentamicin and other
aminoglycosides. Tetracyclines accumulate when
renal function is poor, causing nausea and vomiting
and their antianabolic action worsens the uraemia
and promotes muscle wasting.

Hepatic disease

As the liver is often the main site for metabolism of
a drug, reduced doses may be required when hepatic
dysfunction is diagnosed.

Shock/dehydration

Patients with reduced circulating blood volume
or decreased peripheral circulation will not absorb
drugs injected subcutaneously or intramuscularly as
quickly as expected.

Nephrotic syndrome/malnutrition

These disorders reduce the amounts of plasma
proteins available for distribution of the drug.

Owner drug abuse

Box 4.4 lists the chemical agents most commonly
subject to abuse. The adverse effects of drug abuse
can be split into physical and psychological effects
and again into the acute, chronic and withdrawal
effects. If a benzodiazepine is taken for a few weeks
or longer, dependence can occur. When the drug
is withdrawn, signs of anxiety occur within 2-3 days
and can be severe enough to produce shaking,
nausea and headaches.

Anabolic steroids are most often taken by those
who want to increase their strength and endurance
in competitive sport, but there is a growing trend
amongst young people to take them for their
euphoriant effects and intravenous use is increasing.
Alterations in sex drive and gonadal function, mood
changes and aggression are observed and hyperten-
sion and abnormal liver function are seen in regular
users.

Drugs used in diagnostic
tests

o Tetracosactide (Synacthen) is a synthetic version
of ACTH with the same pharmacological effects

Commonly abused drugs
* opiates

e CNS stimulants

* benzodiazepines

o barbiturates

* anabolic steroids



but a shorter duration of action. It acts on the
adrenal gland, stimulating the production of
glucocorticoids, but has little effect on the
production of aldosterone. It is used in the
diagnosis of hyperadrenocorticism (Cushing’s
disease).

Desmopressin (DDAVP) is a vasopressin
(antidiuretic hormone) analogue with a longer
duration of action than vasopressin and no
vasoconstrictor activity. It is used in the
diagnosis and treatment of central diabetes
insipidus (CDI) and to help increase clotting
factors in patients with haemophilia A or von
Willebrand’s disease. The drug is administered
intravenously, intramuscularly or as drops into
the eye or nose. The urine specific gravity (USG)
is measured before and 2 hours after treatment.
An increase in USG is consistent with CDI,
whereas nephrogenic diabetes insipidus or
medullary washout should be considered if it
remains low.

Dexamethasone is a corticosteroid with high
glucocorticoid but low mineralocorticoid
activity. It is used as an anti-inflammatory and in
the diagnosis of hyperadrenocorticism. Box 4.5
shows the protocols for the two tests.

Dexamethasone screening test

Low dose dexamethasone screening test
e Use: diagnosis of hyperadrenocorticism (HAC)
* Protocol: Assess blood cortisol levels at O, 3
and 8 hours. Give the dexamethasone
intravenously (0.01-0.015 mg/kg) after the O
hour sample.
e Results:
* Normal if the cortisol is suppressed to
< 50% of the basal level after 3 hours and
< 40 nmol/I after 8 hours
o HAC if failure to suppress at 3 and 8 hours.
High dose dexamethasone suppression test:
o Use: to differentiate between pituitary-
dependent (PDH) and adrenal-dependent HAC
e Protocol: as above using 1 mg/kg
dexamethasone i.v.
e Results:
o PDH will suppress to < 50% of the basal
level after 3 hours and < 40 nmol/| after
8 hours

o Adrenal tumours will fail to suppress at
3 hours.

General Pharmacology

Xylazine stimulation test

Used to assess growth hormone production:

take an EDTA blood sample at O minutes
administer 100 ug/kg xylazine i.v. immediately

take an EDTA blood sample at 20 minutes
post-injection
separate the plasma and store at —20°C

Thyroid stimulating hormone (TSH) and
thyrotrophin releasing hormone (TRH) (Protirelin)
stimulate thyroid hormone production. The TSH
stimulation test is the best test for
hypothyroidism but no licensed preparation is
available in the UK and recombinant human
TSH is imported on an STA. The TRH
stimulation test is of limited value.

Xylazine is an o, adrenergic receptor agonist. It is
a sedative and muscle relaxant that also
stimulates growth hormone production and so is
used to assess the pituitary’s ability to produce
this hormone. Box 4.6 outlines the procedure.

Factors affecting choice
of therapy

When you assess a patient, you evaluate their need
for medication based on the clinical signs shown and
the history from the owner. It is important to know
past medication history to ensure the animal is not
currently taking any over-the-counter medications,
prescription drugs or herbal remedies and to identify
any problems relating to drug therapy. The decision
is based on:

a subjective analysis, which involves your
opinion of the animal’s condition, e.g. if it is dull
or bright and alert

an objective examination, where you can record
specific data such as temperature and heart rate
secondary sources of information, such as a
report from the owner that the clinical signs only
occur after eating

tertiary sources of information, such as a
literature search to help choose a suitable
therapy.

When choosing a therapy, we must be aware that the
patient has individual needs and that the plan of
care must be adapted accordingly. For example the
culture and sensitivity from a wound might indicate
that a penicillin-based drug is suitable for treating
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the infection but if the owners are penicillin sensitive,
an alternative therapy must be chosen to avoid any
health and safety issues. It is also important to
reassess the need for a particular therapy throughout
the treatment period, monitoring vital signs, ob-
serving the therapeutic effects and checking for side
effects or signs of toxicity.

How to handle a hazardous
drug

There are some drugs, notably the chemothera-
peutics, which potentially could cause harm to those
who handle and administer them so great caution
and good technique should always be observed.
Accidental exposure via the skin, respiratory system
or digestive system must be prevented by strict
adherence to specific safety protocols as laid out
in your practice’s risk assessments. Box 4.7 shows
some suggestions to avoid contacting hazardous
agents.

Reducing the hazards of handling
chemotherapeutics

1. Two pairs of latex gloves or one pair of heavy
autopsy gloves should be worn during
administration of any chemotherapeutic drug
regardless of the route of administration
(Fig. 4.3).

2. Intravenous administration should be
performed through a well-placed indwelling
catheter. Liberally flush the catheter before
administration of the drug to ensure proper
placement and patency of the catheter.

3. Perivascular injection (extravasation) of some
agents will result in severe tissue necrosis.
Flushing with saline after administration of the
drug will remove residual drug from inside the
catheter.

4. To reduce drug aerosolisation or to capture
leakage from the needle after administration
is completed, place an alcohol-moistened
cotton ball under the needle before
withdrawing the needle from the catheter.

5. Recapping, crushing, or clipping used needles
and/or syringes should be avoided since this
may aerosolise drugs or cause injury.

Fig. 4.3 Administration of vincristine

A chemotherapy/hazardous drug spill kit should
be kept near the site where chemotherapy drugs are
mixed or administered. Each spill kit should contain
at least the following: 2 pairs of latex gloves; plastic-
backed absorbent pad; zip-lock bag for disposal.
The addition of a gown, mask and eye protection is
also recommended. If a spill occurs:

o absorb the spilled liquid with absorbent pads or
cat litter

» wearing gloves, use paper towels to clean up the
remaining liquid

o place the contaminated materials in an
appropriate sealed receptacle marked
‘Chemotherapeutics’

o clean the contaminated area with water and
detergent.

Chemotherapy safety should be discussed with
clients prior to discharge of the patient. There is a
fine line between protecting clients and alarming
them unnecessarily. While it is important to point
out potential hazards associated with human expo-
sure to these drugs, it is equally important to avoid
frightening people. Assure the client that the pet is
safe to be around all of the family members. Being
with family members is an important part of a pet’s
life and enjoying normal activities together, hugging,
and even kissing the pet are all safe activities. Provide
each client with an easy-to-understand information
sheet about how to prevent exposure to chemothera-
peutic agents. Then, review the information with the
client to make sure there is a clear understanding of
the hazards and precautions. Explain to each client
thatexcretions from their petreceiving chemotherapy
may be hazardous. Inform clients that potentially
hazardous materials (faeces, urine, vomit) should
be collected using appropriate protective equipment
and disposed of in labelled bags for incineration.



Table 4.1 Drugs that can be used as adjuncts for
control of pain

Amitriptyline Pain of neuropathic origin; an
antidepressant that calms the
patient

Dexamethasone = When inflammation is causing
nerve compression or where there
is raised intracranial pressure; also
stimulates appetite which can help
demeanour

Diazepam Augments the sedation and relaxes
the muscles

Metoclopramide  Relieves nausea and vomiting and
stimulates Gl motility

Getting the best results
from your drug

¢ Administering the drug correctly and at the ideal
time ensures the agent will be most efficacious.
For example, there is evidence to suggest that
once-a-day steroids should be given to dogs in
the morning and cats at night. This is because
cats are nocturnal and produce their normal
body steroids at this time.

e Polypharmacy can be employed to reduce the
amounts of an individual drug needed. As an
example, Table 4.1 lists drugs that can be used as

Questions for Chapter 4

1. Which intravenous anaesthetic used
routinely in cats causes a fatal
anaphylactic reaction in dogs due to
histamine release?

2. Which of the following drugs would be safe
to give to a dog on long-term theophylline
(Corvental-D) therapy?

Phenobarbital

Cimetidine (Tagamet)

Erythromycin

Fluoroquinolone antibiotic (e.g. Baytril)
Beta blockers (e.g. propranolol)

General Pharmacology

adjuncts for control of pain that reduce the dose
of opioid required significantly and thereby
reduce the side effects.

Always consult the data sheets to check drug
compatibility when using more than one agent.
For example, bacteriostatic antibiotics (those that
stop the replication of bacteria) should not be
given with bacteriocidal antibiotics (those that
kill actively replicating bacteria) as one will
decrease the efficacy of the other.

Non-therapeutic methods
of relieving pain

Good nursing skills can reduce or alleviate the
need for drug therapy completely. The following list
includes some of the ways you should consider:

TLC - stroke, groom, talk to your patients;
provide comfortable bedding

warmth — postoperative analgesia is far more
effective in a patient with good peripheral
circulation

massage and physiotherapy where appropriate
support dressings

transcutaneous electrical nerve stimulation
(TENS)

acupuncture

good plane of nutrition

well hydrated

ensure the patient has an empty bladder
quiet environment

freedom from fear.

Halothane
Ketamine
Isoflurane

Which of the following listed antibiotics is
not suitable to give concurrently with
amoxicillin/clavulanate (Synulox)?
Oxytetracycline or enrofloxacin (Baytril)

Which of the following groups of drugs’
effects are enhanced by the use of the
antihistamine chlorphenamine (Piriton)?
Antibiotics, sedatives or steroids
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5. Which antibiotic can cause a potentially 4. Which name is given to a drug in its
fatal clostridial enterotoxaemia in rabbits, chemical form (i.e. not the drug
guinea pigs and hamsters? company’s hame)?

Clindamycin (Antirobe), enrofloxacin a. generic
(baytril), oxytetracycline b. proprietary

6. Which drugs antagonise the effects of c. brand

insulin? d. trade

7. What is a potential side effect of diuretics 5. If a drug is capable of stopping bacterial
such as furosemide that is made worse by multiplication but not killing the organism,
the use of corticosteroids? e.g. oxytetracycline, it is called:

a. bactericidal

8. Which parasite treatment can cause o
b. antidivisional

irreversible paralysis in chelonians

(tortoises, turtles and terrapins)? c. bacteriostatic
Ivermectin, fenbendazole (Panacur), d. bacteriological
fgig'gﬁj?tel (Milbemax), piperazine 6.  What term is applied when two antibiotics
work together to produce more effects
9. Which drugs are known to be human than when used alone?
carcinogens? a. additive
10. Which drugs are teratogenic (cause fetal b. compler.nentary
abnormalities)? c. successional
d. potentiation
Multlple choice questions 7. Which of these drugs would treat a

Toxoplasma gondii infection?

i o 5 a. antifungal
1. What is pharmacokinetics the study of? b. antiviral

a. the way drugs act on the body .
b. th the bod ¢ the d c. antiprotozoal
- the way the body acts on the crug d. all of the above
(i.e. absorption, metabolism, excretion)
c. both of the above 8. Which antibiotic has the broadest

d. the level of toxicity of the drug spectrum of activity?
a. oxytetracycline

2. What is a contraindication? b. metronidazole
a. a situation in which a drug should not -
c. benzyl penicillin
be used .
b. an off licence use of a drug which is d- neomycin
known to be safe in another species 9. What term is applied to a drug that binds
c. use of a drug in the same species but to a receptor but does not stimulate it?
for another condition a. agonist
d. a side effect b. partial agonist
3. Which of the following describes a c an.ta.gomst
synthetic drug that can treat bacteria, L
fungi, viruses and protozoa? 10. Which of these drugs has anti-emetic
a. antibiotic properties?
. fluconazole a. apomorphine

b. liquid paraffin
. anticyclic c. sulfasalazine
d. acepromazine

b
c. antimicrobial
d



11.  Which of these drugs can produce deep
sedation?
a. antihypertensive
b. tranquilliser
c. harcotic
d. sedative antagonist

For answers go to page 238

General Pharmacology
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Biology

Learning aims and objectives

After studying this chapter you should be able to:

Describe the structure and function of
proteins, carbohydrates and lipids within the
body

Describe how cells produce their energy.

Major biological chemicals

Scale

In considering molecular structure it is important

to have a sense of scale (Fig. 5.1). Nanometers (nm)

are used as the measure of length at the atomic level,

where 1 nm is equal to 10 meters:

¢ small biomolecules such as sugars and amino
acids are typically less than 1 nm long

» biological macromolecules, such as proteins, are
at least 10-fold larger, e.g. haemoglobin, the
oxygen-carrying protein in red blood cells, has a
diameter of 6.5 nm

¢ macromolecules, such as ribosomes (the protein
synthesising machinery of the cells), have
diameters of 30 nm
e most viruses range from 10 nm to 100 nm
o cells are a hundred times as large, in the range
of micrometers (um); a red blood cell measures
7 um long,.
It is important to note that the resolution of the light
microscope is about 0.2um, which corresponds to
thesize of many subcellular organelles. Mitochondria,
the major generators of adenosine triphosphate
(ATP — see below), can just be resolved with a light
microscope. Most of our knowledge of biological
structure has come from electron microscopy.

Protein structure and function

Proteins are made up of large numbers of amino
acids (Fig. 5.2) linked into chains by peptide bonds

49



SECTION TWO: The Sciences

Fig. 5.2 Amino acid structure and formation of peptide
bonds. The dotted lines show how the peptide bonds are
formed with the production of H,0. R is the remainder of
the amino acid. For example, in glycine, R = H; in
glutamate R = —(CH,),—COOH (bonds)

joining the amino group of one amino acid to the
carboxyl group of another. In addition, some pro-
teins contain carbohydrates (glycoproteins) and
lipids (lipoproteins). Smaller chains of amino acids
are called peptides or polypeptides.

The order of the amino acids in the chain is called
the primary structure of the protein. The chains are
twisted and folded in complex ways and the term
secondary structurerefers to thisspatial arrangement.
The tertiary structure of a protein is the arrangement
of the twisted chains into layers, crystals or fibres.
Many proteins are made of subunits, e.g. haemo-
globin, and the term quaternary structure is used to
refer to the arrangement of the subunits (Fig. 5.3).

~—— Polypeptide

tHaem

Fig. 5.3 Diagrammatic representation of haemoglobin
molecule showing the arrangement of the four subunits
(quaternary structure)

(I

1nm
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Atoms Molecules Organelles Cells Fig.5.1 Dimensions
Macro-molecules of some biomolecules
and cells
. Resolution of
Glucose Ribosome light Red blood
C-C bond Haemoglobin microscope Bacterium cell
| | | | | | | |
I I I I I T
0.1nm 1nm
10-10m 109m 108m 10" m 10%m 10-5m
1 um
H 0 R H 0 Proteins play crucial roles in virtually all biological
H H H processes.
H-N C N
C OH H N C C Enzymes
H
R 0 R Nearly all chemical reactions in the body are catalysed

by macromolecules called enzymes. They increase
reaction rates by at least a million-fold and are
highly specific for the reaction catalysed. Proteolytic
enzymes, for example, catalyse the hydrolysis (break-
ing of a bond by the addition of water) of peptide
bonds in proteins, examples including trypsin and
thrombin (Fig. 5.4).

Some enzymes are synthesised in an inactive
form, which is activated at an appropriate time and
place. The digestive enzymes show this kind of con-
trol, e.g. trypsinogen is synthesised in the pancreas
and is activated in the small intestine to form the
active enzyme trypsin. Much of the catalytic power
of enzymes comes from their ability to bring sub-
strates together in a favourable way by creating
enzyme-substrate complexes. The substrates are
bound to a specific region of the enzyme called the
active site (Fig. 5.5).

Enzymes can be inhibited by specific molecules
resulting in a major control mechanism in biological
systems. Also, many drugs and toxic agents act by
inhibiting enzymes. For example, the action of nerve
gas on acetylcholinesterase, an enzyme that plays
an important role in the transmission of nerve im-
pulses, demonstrates irreversible inhibition — as does
penicillin. Penicillin was discovered by Alexander
Fleming in 1928, when he observed by chance that
bacterial growth was inhibited by a contaminating

Hydrolysis site
H O H H 0 H
c—-C N-—C +H,0 C~C + HN—C
Arginine H Glycine Arginine Glycine

Fig. 5.4 Thrombin catalyses the hydrolysis of this protein
by breaking the bond as shown
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W

Substrate

+ E—

W

ES complex

Active
site

Fig. 5.5 ‘Lock and key’ model of the interaction of
substrates and enzymes. The active site of the enzyme is
complementary in shape to that of the substrate

mould (Penicillium). Penicillin blocks the last step in
bacterial cell wall synthesis by inhibiting the trans-
peptidase enzyme that catalyses the cross-linking
between the protein strands. The enzyme catalysing
the first step in a biological pathway is usually
inhibited by the final product.

Transport and storage

Many small molecules and ions are transported by
specific proteins. For example, haemoglobin trans-
ports oxygen in erythrocytes, whereas myoglobin,
a related protein, transports oxygen in muscle. Iron
is carried in the plasma of blood by transferrin and
is stored in the liver as a complex with ferritin, a
different protein.

Coordinated motion

Proteins are the major components of muscle. Muscle
contraction is accomplished by the sliding motion
of two kinds of protein filaments. Also, the move-
ment of chromosomes in mitosis and the propulsion
of sperm by their flagella are produced by contractile
assemblies of proteins.

Mechanical support

The high tensile strength of skin and bone is due to
the presence of collagen, a fibrous protein.

Immune protection

Antibodies are highly specific proteins that recognise
non-self antigens (bacteria, viruses and cells from
other organisms).

Generation and transmission of nerve
impulses
Receptor proteins receive and interpret stimuli to

produceanerve cellresponse. For example, rhodopsin
is the photoreceptor protein in retinal cells.

Typical fatty acids: 0
Palmitic acid CH3(CH2)14 C OH
0
Stearicacid  CH3(CHy)ig— C -~ OH
0
Oleicacid ~ CHy(CH,);CH = CH(CH,); — C—OH
(unsaturated)
Triglycerides: 0
CH, 0~ C—R
0
CH—~-0-C—R
0
CH,~0—~C—R

Fig. 5.6 Structure of a triglyceride where ‘R’ represents a
fatty acid. Some typical fatty acids are shown

Control of growth and differentiation

The activities of different cells are coordinated by
hormones. Many of them, such as insulin and thyroid
stimulating hormone, are proteins.

Lipid structure and function

The biologically important lipids are the fatty acids
and their derivatives, the neutral fats (triglycerides),
the phospholipids and related compounds, and the
sterols. The triglycerides are made up of three fatty
acids bound to glycerol (Fig. 5.6). Naturally occurring
fatty acids contain an even number of carbon atoms;
they may be saturated (no double bonds) or un-
saturated. The phospholipids are constituents of
cell membranes and the sterols include various
steroid hormones, bile acids, cholesterol and various
vitamins. Fatty acids have three major roles:

Building blocks of phospholipids
and glycolipids

These are important components of biological
membranes.

Hormones and intracellular messengers

The phosphoinositide cascade converts extracellular
signals, like the binding of a hormone to a cell surface
receptor, into intracellular ones and evokes a
wide variety of responses in many kinds of cells
(Box 5.1). The eicosanoids include prostaglandins,
thromboxanes and leukotrienes. Leukotrienes are
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Effects mediated by the
phosphoinositide cascade

* glycogenolysis in liver cells

* histamine secretion by mast cells

e serotonin release by mast cells

* aggregation of blood platelets

¢ insulin secretion by pancreatic islet cells

* epinephrine secretion by adrenal chromaffin
cells

 smooth muscle contraction

o visual transduction in invertebrate
photoreceptors

mediators of allergic responses and inflammation
and their release is provoked when specific allergens
combine with IgE antibodies on the surface of mast
cells. Thromboxane is synthesised by platelets and
promotes vasoconstriction and platelet aggregation.

Fuel molecules

Fatty acids are stored as triglycerides and are highly
concentrated stores of metabolic energy because
they are reduced and anhydrous. The yield from the
complete oxidation of fatty acids is about 9 kcal/g,
in contrast with about 4 kcal/g for carbohydrates
and proteins. A gram of anhydrous fat stores more
than six times as much energy as a gram of hydrated
glycogen, which is the reason that triglycerides
rather than glycogen were selected in evolution as
the major energy reservoir. In mammals, the major
site of accumulation of triglycerides is the cytoplasm
of adipose cells (fat cells).

Structure and function
of carbohydrates

Carbohydrates (CHO) are one of the four major

classes of biomolecules, the other three being pro-

teins, nucleic acids and lipids. CHO are aldehyde or
ketone compounds with multiple hydroxyl groups.

They make up most of the organic matter on earth

because of their multiple roles:

o Energy stores, fuels and metabolic intermediates.
Starch in plants and glycogen in animals are
polysaccharides that can be rapidly mobilised to
yield glucose, a prime fuel for the generation of
energy. ATP, the universal currency of free
energy, is a phosphorylated sugar derivative, as
are many coenzymes.

* Ribose and deoxyribose form part of the
structural framework of DNA and RNA. The

conformational flexibility of these sugar rings is
important in the storage and expression of
genetic material.

o Polysaccharides are structural elements in the cell
walls of bacteria and plants and in the exoskeleton of
arthropods. In fact, cellulose, the main constituent
of plant cell walls, is the most abundant organic
compound in the biosphere.

e CHO are linked to many proteins and lipids. For
example, the sugar units of glycophorin give red
blood cells a highly polar coat and CHO units on
cell surfaces are key participants in cell-cell
recognition during development.

Monosaccharides are the simplest carbohydrates.
These are aldehydes or ketones that have two or
more hydroxyl groups; their empirical formula is
(CH,0),.. The smallest ones, for which n = 3, are
glyceraldehyde and dihydroxyacetone; they are
trioses. Glyceraldehyde is also an aldose because it
contains an aldehyde group, whereas dihydroxy-
acetone is a ketose because it contains a keto group
(Fig.5.7). There are two stereoisomers of the glyceral-
dehyde molecule because it has a single asymmetric
carbon — the prefixes L and D designate the absolute
configuration.

Disaccharides consist of two sugars joined by a
glycosidic bond. Common examples are sucrose,
lactose and maltose (Fig. 5.8). Sugars with 4, 5, 6 and
7 carbon atoms are called tetroses, pentoses, hexoses
and heptoses. Two common hexoses are glucose
and fructose. The predominant forms of these sugars
are not open chains, rather, they form into rings.

Animal cells store glucose in the form of glycogen,
a very large branching polymer of glucose residues.
These branches serve to increase the solubility of
glycogen and make its sugar units more readily
mobilised. Dextran, a storage polysaccharide in

0 H
HO—C—H C—=0
CH,OH CH,0H
L-Glyceraldehyde Dihydroxyacetone
(An aldose) (A ketose)
0 H
C
H—C—OH
CH,OH

D-Glyceraldehyde
(An aldose)

Fig. 5.7 Structure of two monosaccharides. The L & D
isomer are glyceraldehyde are shown
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(galactose-glucose)

(glucose-glucose)
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Fig. 5.8 (a) Formulae of three disaccharides.
(b) A three-dimensional model of disaccharide
lactose

Galactose unit

HOCH,
O W hocH, —© H
H H 2 Sucrose
OH H 0 H HO
HO CH,OH
H  OH OH H
HOCH, HOCH,
0 0]
HO H H
H 0 H Lactose
HOWOH H OH H oy
H OH H OH
HOCH, HOCH,
0
H H H H H H Maltose
Ho OH H o OH H g
H OH 4 H  OH

yeasts and bacteria, also consists only of glucose
residues but differs in its linkages.

Structure and function of nucleic
acids

DNA is a very long thread-like macromolecule
made up of a large number of deoxyribonucleotides,

each composed of a base, a sugar and a phosphate
group. The bases of DNA carry genetic information,
whereas the sugar and phosphate groups perform a
structural role (Fig. 5.9). The sugar is a deoxyribose
and the base is a derivative of purine or pyrimidine.
The purines are adenine (A) and guanine (G) and
the pyrimidines are thymine (T) and cytosine (C)
(Fig. 5.10).
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o o e
Purine and pyrimidine
o --© bases
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o
Fig. 5.9 Structure of DNA
NH, 0
C N N
N C C—H H—N C C—H
H—C C H,N—C C
N N 2 N N
H H
Adenine (A) Guanine (G)
0 NH,
C
H—N C— CH, N C—H
0-C C—H 0=C. ~C—H
H H
Thymine (T) Cytosine (C)

Fig. 5.10 Purine and pyrimidine bases

In 1953, James Watson and Francis Crick de-
duced the three-dimensional structure of DNA. The
important features are that:

Two helical chains are coiled around a
common axis. The chains run in opposite
directions.

The purine and pyrimidine bases are on the
inside of the helix whereas the phosphate and
deoxyribose units are on the outside.
Adenine is always paired with thymine.
Guanine is always paired with cytosine.

The sequence of bases carries the genetic
information. DNA molecules must be very long
to encode the large number of proteins present
in even the simplest cells.
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Genes in all prokaryotic and eukaryotic organisms
are made of DNA. In viruses, genes are made of
either DNA or RNA (ribonucleic acid). The sugar
units in RNA are riboses and the other difference is
that the base T is replaced with uracil (U). A number
of RNA viruses produce malignant tumours after
being injected into susceptible animal hosts; these
are also called retroviruses.

Metabolism

How do cells extract energy from their environments
and how do they synthesise the building blocks of
their macromolecules? These processes are carried
out by a highly integrated network of chemical
reactions which are collectively known as metab-
olism. Living things require a continual input of free
energy for three major purposes:

e the performance of mechanical work in muscular

contractions and other cellular movements

o the active transport of molecules and ions

o the synthesis of macromolecules from simple
precursors.

The free energy is obtained by the oxidation of
foodstuffs and the carrier is adenosine triphosphate
(ATP). It is the breaking of the bonds between the
phosphates that releases the energy. The basic strategy
of metabolism is to form ATP for consumption in
energy-requiring processes:

e anabolism — biosynthetic processes

e catabolism — degradative processes
(derived from the Greek words ana, up; cata, down).

Aerobic/anaerobic glycolysis

Muscle contraction requires energy and muscle has
been called ‘a machine for converting chemical
energy into mechanical work’. The immediate source
of this energy is the energy-rich organic phosphate
derived from muscle, the ultimate source is the
intermediary metabolism of CHO and lipids. At
rest and during light exercise, muscles utilise lipids
in the form of free fatty acids as their energy source.
As the intensity of exercise increases, the utilisation
of CHO becomes the predominant component in
the muscle fuel mixture. Thus during exercise, much
of the energy for building up the muscle’s energy
stores comes from the breakdown of glucose to CO,
and H,O. This aerobic glycolysis can only occur in
the presence of oxygen. If oxygen is absent anaerobic
glycolysis takes over, resulting in the production of
smaller quantities of energy-rich phosphate bonds
and the production of lactate.



Structure and function
of water

Water profoundly influences allmolecularinteractions

in biological systems. Two properties are especially

important in this regard:

o Water is a polar molecule. The shape of the
molecule is triangular, so there is an
asymmetrical distribution of charge.

o Water molecules have a high affinity for each other. A
positively charged region in one water molecule
tends to orient itself towards a negatively
charged region in one of its neighbours. Ice has a
highly regular crystalline structure in which all
potential hydrogen bonds are made. Liquid
water has a partly ordered structure in which
hydrogen-bonded clusters of molecules are
continually forming and breaking up.

The polarity and hydrogen-bonding capacity of
water make it a highly interactive molecule. It is an
excellent solvent for polar molecules. The existence
of life on earth depends critically on the capacity of
water to dissolve a remarkable array of polar mole-
cules that serve as fuels, building blocks, catalysts
and information carriers. High concentrations of
these molecules can coexist in water, where they are
free to diffuse and find each other. However, the
excellence of water as a solvent poses a problem,
for it also weakens interactions between polar mole-
cules. Biological systems have solved this problem
by creating water-free microenvironments where
polar interactions have maximal strength. There are
many examples of the critical importance of these
specially constructed niches in protein molecules.

Table 5.1 Modern functional cell classification

Epithelial cells Gut lining

Support cells Cartilage, bone

Contractile cells Muscle

Nerve cells Brain

Germ cells Sperm, ova
Blood cells RBCs and WBCs

Immune cells Lymphoid tissues

Hormone-secreting cells Thyroid and adrenal

Barrier, absorb, secrete

Maintain body structure

Movement

Cell communication

Reproduction

0, transport, defence

Defence

Cell communication

Biology

Water also functions as a lubricant and a
temperature buffer.

Structure and function of cells

Arising from a single fertilised egg, each cell develops

structural attributes to suit its function through the

process of differentiation. Cells can be classified into

groups based on their main function (Table 5.1).

e A tissue is an assembly of cells that are arranged
in a regular formation. Some are simple tissues
such as cartilage and some are termed
compound tissues as they contain a mixture of
cells, e.g. nervous tissue contains neurons and
glial cells.

e Anorgan is an anatomically distinct group of
tissues, usually of several types, which perform
specific functions, e.g. heart, liver and kidney.

o The term system has two uses:

it describes cells with similar function but
widely distributed in several anatomical sites,
e.g. the specialised hormone-producing cells
scattered throughout the gut and the lungs
(diffuse endocrine system)

a group of organs which have similar or
related roles, e.g. the tongue, oesophagus,
stomach and intestines are all part of the
alimentary system.

The relationships between cells, tissues and organs

are shown in Figure 5.11. Cells have many common

features (Fig. 5.12):

° an outer membrane

e they are composed of a solution of proteins,
electrolytes and CHO (cytosol), divided into

Tightly bound together by cell junctions

Produce and interact with extracellular
matrix material

Filamentous proteins contract

Release message onto surface of
other cells

Half normal chromosome content

Proteins bind oxygen and destroy
bacteria

Recognise and destroy foreign
material

Secrete chemical messages
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specialised functional areas (organelles) by inner
membrane systems

o their shape and fluidity are determined by the
arrangement of internal filamentous proteins
(intermediate filaments, actin and microtubules)
which form the cytoskeleton.

Cell membranes

The outer membrane surrounding each cell and the

membranes surrounding internal cellular organelles

have a common basic structure of a lipid bilayer

containing specialised proteins in association with

surface CHO (Fig. 5.13):

o the membrane is a fluid, allowing lateral
movement of membrane proteins and facilitating
cell mobility

e the lipid composition leads to differential

permeability to different substances, being
highly permeable to water, oxygen and small
hydrophobic molecules but impermeable to
charged ions such as Na* and K*

membrane proteins are placed to perform
functional roles in processes such as transport,
enzymic activity, cell attachment and cell
communication.

Transport in cells

Protein diffusion through the membrane is slow.

Areas of the cell have tight junctions that restrict
protein diffusion to only certain areas of the cell
membrane. Tight junctions are prominent in the
epithelia lining the gut (Fig. 5.14).

Gap junctions are integral membrane proteins
that link cytoplasm of one cell to that of its
neighbour, providing a water-filled pore that
crosses both bilayer membranes (Fig. 5.14).
These gap junctions allow metabolic support of
neighbouring cells, electrical synchronisation
and sharing of hormone messengers.

Endocytosis and exocytosis: material from the
extracellular space may be incorporated into the
cell by invagination of the cell surface, termed
endocytosis. The invaginated membrane fuses

to form an endocytotic vesicle or endosome

(Fig. 5.15). The term pinocytosis is used when
cells take up fluids and form endosomes about
150 nm in diameter, while the term phagocytosis
is used when cells ingest large particles.
Exocytosis is the reverse and describes the fusion
of a membrane-bound vesicle with the cell
surface to release its contents into the
extracellular space.

Receptor-mediated endocytosis (Fig. 5.16): a
coated pit has surface receptors that bind specific
extracellular particles. Once internalised, the
coat protein is shed and returns to the surface to
form new coated pits. This form of transport is a
feature of internalisation of iron, low-density
lipoprotein and some growth factors.

Extracellular matrix

This is composed of two major materials — glycos-
aminoglycans (GAGs) and fibrillar proteins:
* GAGs are large polysaccharides divided into

four groups depending on their structure:
hyaluronic acid, chondroitin sulphate, heparin
and keratan sulphate

the four proteins that form the extracellular
matrix are collagen, fibrillin, elastin and
fibronectin.



Biology

Vesicle fusing with cell membrane Fig. 5.12 Cell structure
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The nucleolus is a dark-staining region of the
nucleus which synthesises ribosomal subunits.

Nuclei have two membranes: an inner
membrane to attach to filamentous proteins to
give the nucleus its spherical shape and an outer
membrane which creates a space that is

continuous with the endoplasmic reticulum. The
membrane contains pores that allow the
diffusion of small molecules between the cytosol
and the nucleus.

DNA is wound around proteins called histones
which form strings to make the structure of



chromatin. Further condensation is possible during
cell replication to form distinct chromosomes.

Mitochondria

o These organelles are the site of energy
production through oxidative phosphorylation
(the use of oxygen to regenerate ATP).

e They have an outer and inner membrane which
is folded into pleats or cristae, to increase the
surface area (Fig. 5.17).

e The matrix is 50% protein gel containing enzymes
to oxidise fatty acids and mitochondrial DNA.

Cristae

Matrix

Inner bilayer membrane

Outer bilayer membrane

Fig. 5.17 Mitochondria
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Endoplasmic reticulum (ER) and Golgi
bodies

e This membrane-bound compartment is involved
in the biosynthesis and transport of cellular
proteins and lipids. The amount present depends
on how active the cell is in secreting protein and
lipids.

¢ Rough ER consists of flattened parallel sacs
(cisternae) which form an interconnected
branching network with ribosomes attached to
the cytoplasmic side of the membrane.

e Protein synthesis begins in the cytosol where
messenger RNA attaches to free ribosomes and
translation produces the new peptide. Newly
made proteins then enter the smooth ER for
transport to the Golgi bodies.

e Smooth ER processes proteins and synthesises
lipids.

e From the smooth ER, further processing of
macromolecules takes place in the Golgi
bodies (Fig. 5.18). To reach it, vesicles bud from
the smooth ER and travel in the cytosol to fuse
with its inner face. Here, sugars are added to
form oligosaccharides and molecules are sorted
into those destined for secretion or for use within
the cell.

Protein proteolysis
lipid and protein

sorting, adds sugar
residues

Addition of
sugar residues ——

Phosphorylation
of proteins

Protein and lipid synthesis

Extracellular space

Cell membrane

— Golgi body

Smooth ER

Fig. 5.18 Processing of macromolecules in the Golgi body
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Cytoskeleton

Microfilaments, intermediate filaments and micro-
tubules form a dynamic three-dimensional scaffold-
ing in the cell. The cell spindle, along which
chromosomes are organised in cell division, is con-
structed from microtubules and they form the basis
for cilia.

Epithelial cells

These cover and line internal and external surfaces
of the body such as body cavities, airways, gastro-
intestinal tract, blood vessels and skin. There are
three main cell groups according to cell shape:
squamous (flat), cuboidal (similar height and width),
columnar (height greater than width). They can be
then classified as simple (single layer of cells) and
stratified (multiple layers of cells) (Fig. 5.19).

The urinary system contains a specialised type
of stratified epithelia called transitional epithelium.
Protection from hypertonic urine is provided by
modified surface membranes and the balloon shape
of the cells allows for great lateral stretching of the
epithelium when the bladder fills.

Glands are cells whose main, if not only, function
is the synthesis and secretion of material that has an
extracellular function. They are classified according
to the direction of secretion: exocrine secretion is
towards the free epithelial surface and endocrine
secretion is the secretion into blood vessels. Exocrine

Extracellular support
(basement membrane)

Stratified squamous

Pseudostratified columnar

m Single secretory cells
Secretory cells

Myoepithelial cells
expel secretions

Fig. 5.19 Types of epithelial tissue
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Fig. 5.20 Exocrine glands

glands can be simple alveolar, tubular or compound
(Fig. 5.20).

Contractile cells

There are four types:
* muscle cells — striated or voluntary, cardiac and
smooth or involuntary
e myoepithelial — form secretory glands
e myofibroblasts — secrete collagen
e pericytes — surround blood vessels.
Smooth muscle cells have a central nucleus and taper
at each end; the cells interdigitate.
Skeletal muscle cells are long, thin cylindrical struc-
tures (myofibrils). In addition to contractile proteins,




Striated muscle

=2

Smooth muscle

Cardiac muscle

Fig. 5.21 Types of muscle tissue

the cytoplasm contains mitochondria and glycogen
to provide energy.

Cardiac muscle is a type of striated muscle which
is mononuclear and much shorter than skeletal
muscle. Long fibres are produced by linking cells
end to end. Unlike skeletal muscle, following damage,
regeneration can not occur (Fig. 5.21).

Homeostasis

The actual environment of the cells of the body is
the interstitial component of the extracellular fluid
(ECF). Since normal cell function depends upon
the consistency of this fluid, there are a number of
regulatory mechanisms in place to maintain this.
The buffering properties of the body fluids and the
renal and respiratory adjustments to the presence of
excess acid or alkali are examples of homeostatic
mechanisms. Blood calcium regulation by para-
thormone and calcitonin and the blood glucose
regulatory systems involving insulin and glucagons
are other examples.

Many of these regulatory mechanisms operate on
the principle of negative feedback; deviations from
a given normal set point are detected by a sensor
and signals from the sensor trigger compensatory
changes that continue until the set point is again
reached.

Structure and function
of the circulatory systems

The main systems transporting oxygen, nutrients
and waste materials from one part of the body

Biology

to another are circulatory systems. The two main

systems are:

e the blood circulatory system — transports
oxygen, carbon dioxide, nutrients, metabolic
breakdown products, cells of the immune
system, hormones and blood clotting factors

e the lymphatic system — drains not only
extracellular fluid from the tissues, returning it
to the blood circulatory system after passage
through lymph nodes, but also nutrients
absorbed by the alimentary tract.

Cardiovascular system

There are three types of blood circulatory systems —
systemic, pulmonary and portal. The first two de-
pend on a central pump, the heart, to push the blood
around (Fig. 5.22). Portal systems are specialised
vascular channels that carry substances from one
site to another, but do not depend on a central pump.
The largest portal system (hepatic portal vein) runs
between the intestines and the liver (Fig. 5.23).
The wall of the heart has three layers:
e an outer epicardium (visceral pericardium)
covered with flat mesothelial cells to produce a
smooth outer surface

¢ amiddle myocardium composed of cardiac
muscle, which is responsible for the pumping
action of the heart

e an inner smooth lining, the endocardium, in
direct contact with the circulating blood.

One homeostatic mechanism which helps to regu-

late blood pressure is the release of atrial natriuretic

hormone. Atrial myocardial fibres contain small

Lungs

Pulmonary
artery

Pulmonary
vein

Vena cava

Body organs and tissues

Fig. 5.22 Circulation
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Small intestine

Fig. 5.23 Hepatic portal vein

neuroendocrine granules which secrete the hormone
when the atrial fibres are excessively stretched.
Atrial natriuretic hormones increase the excretion
of water and sodium and potassium ions by the
distal convoluted tubules of the kidney. They also
decrease blood pressure by inhibiting rennin secre-
tion by the kidney and aldosterone secretion by the
adrenals.

The sinoatrial (SA) node of the heart is located
where the anterior vena cava enters the right atrium.
The impulse generated by the SA node passes
quickly to the atrioventricular (AV) node, stimulating
atrial contraction in the process. The AV node is
located beneath the endocardium of the medial
wall of the right atrium immediately above the AV
valve. The bundle of His conducts the impulse to

the ventricles and then a network of specialised con-
duction fibres, the Purkinje fibres, carry the impulse
through the ventricle walls. These are large fibres
with vacuolated cytoplasm, due to a high glycogen
content, and scanty myofibrils.

The left ventricle has a great oxygen demand and
consequently a large arterial supply via the coro-
nary arteries. Any interruption in the cardiac arterial
supply particularly affects the structure and function
of the left ventricle.

The systemic circulation is a high pressure system
and the structural modifications to handle the high
systolic pressure are most refined in the large elastic
arteries, which receive the output from the left
ventricle, i.e. the aorta and its large branches such
as the carotid, subclavian and renal arteries. Distal



to these, the arterial walls become more muscular.

The walls of vessels have three layers:

e The intima is the thin inner layer of a blood
vessel lined by endothelial cells which lie on a
basement membrane.

e The media is the middle layer, which in
muscular arteries is composed almost entirely of
smooth muscle. These arteries are therefore
highly contractile and controllable by the
autonomic nervous system. A few elastic fibres
are scattered throughout this layer.

e The adventitia is the outer layer and is composed
of collagen. Small blood vessels are present in
the thick-walled vessels called vasa vasorum to
supply the media with blood.

Capillaries are the smallest vessels, being 5-10 pm in

diameter. They form a complex interlinking network

and are composed of endothelial cells, a basement

membrane and occasional scattered contractile cells

called pericytes. There are two types;

e those with continuous endothelium, which are
the most common

o those with fenestrated endothelium, seen in the
gastrointestinal mucosa, endocrine glands, and
renal glomeruli.

Highly specialised vascular channels, called sinusoids,

are seen in some organs such as the liver and spleen.

They are endothelial-lined channels with a larger

diameter than capillaries and absent basement

membrane.

In addition to the microvasculature (i.e. arterioles
emptying into a capillary network which drains
into a venular system), there are additional vessels
that bypass the capillary bed, so that arterioles can
communicate directly with venules — these are
arteriovenous anastomoses. Contraction of the smooth
muscle coat in the arteriolar end closes off the lumen
of the anastomosis at its origin and diverts blood
into the capillary bed, whereas relaxation opens up
the lumen allowing blood to flow directly into a
venule, thus bypassing the capillary network. These
anastomoses are widespread, but are most common
in the peripheries and are thought to play an impor-
tant role in the skin’s thermoregulatory function.

Blood vessels have both an afferent and efferent
innervation:

e Vessels that can significantly alter their lumen
size by contraction and relaxation of their
smooth muscle fibres have a major supply of
adrenergic sympathetic fibres, stimulation of
which causes muscle contraction and
vasoconstriction. Some blood vessels in skeletal
muscle also have a cholinergic sympathetic
innervation capable of producing vasodilation.

o In certain areas blood vessels have an afferent
innervation which supplies information about

Biology

the luminal pressure (baroreceptive information)
and blood gas (i.e. carbon dioxide and oxygen)
levels (chemoreceptive information). These are
located in the carotid sinuses, and in the aortic
arch, pulmonary artery and large veins entering
the heart. Afferent fibres from the carotid sinus
receptors travel in the glossopharyngeal nerve to
the cardiorespiratory centres in the brain stem.

Lymphatic system

The intercellular spaces of almost all tissues contain
small endothelial-lined tubes which are blind ending.
These are lymphatic capillaries and are permeable
to fluids and dissolved molecules in the interstitial
fluid. In some areas the lymphatic capillaries have a
fenestrated endothelium permitting entry of larger
molecules such as large proteins, triglycerides and
cells of the immune system.

Thelymphatic capillary network acts asa drainage
system, removing surplus fluid (lymph) from tissue
spaces. Lymph is normally a colourless fluid but
lymph draining the intestines is often milky because
of its high lipid content and is called chyle. On
its way to the larger vein-like lymphatics from the
smaller ones, lymph passes through one or more
lymph nodes, entering at the convex periphery and
leaving it through one or two lymphatic vessels
at the concave hilum (Fig. 5.24). During this passage,
activated lymphocytes, important to immune defence,
are added.

The larger lymphatic vessels have muscular
walls and pump the lymph into the following main
vessels:

e the thoracic duct, which empties lymph into the
venous system at the junction of the left internal
jugular and left subclavian vein

Trabeculum

Subcapsular sinus
Capillary
supply
Capsule

Medullary cords

Efferent lymphatic

Medullary sinus

Afferent lymphatic
ymphat Follicle of cortex

Fig. 5.24 Lymph node structure
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e the right main lymphatic duct, which empties
into the junction between the right internal
jugular and right subclavian veins.

These two main lymphatic vessels run alongside the
lumbar and thoracic vertebrae in the posterior
abdominal and posterior thoracic wall, receiving
lymph from lymphatics as they progress towards
the jugular veins. All lymphatic capillaries from a
particular area drain their lymph into lymph nodes
serving that area (regional lymph nodes). Such
drainage is particularly important to the spread of
cancer, since cells can enter the lymph and be carried
to other sites or be trapped in the lymph node.

Structure and function
of the respiratory system

The main function of the respiratory system is to
permit oxygenation of the blood and removal from
it of carbon dioxide. In addition, it is also involved in
the perception of smell and flavour and phonation.
On its way to the lungs, where gaseous exchange
takes place, the air is cleaned and moistened, and its
temperature is approximately equated to that in the
furthest reaches of the lung.

Air enters through the nares, the external aspect
of which is covered by keratinising squamous epi-
thelium. Most of the epithelium then changes to a
pseudostratified columnar pattern, many of the cells
being ciliated. Scattered throughout are glandular
cells:

e mucus-secreting cells (goblet cells)

e serous cells which probably secrete small
amounts of amylase

e serous cells which produce lysozyme.

The lamina propria also contains immune cells:
e lymphocytes
e plasma cells
e macrophages
¢ neutrophils

e eosinophils — numerous in animals with parasitic
or allergic conditions.

Nasopharynx

This is a posterior continuation of the nasal cavities
and becomes the oropharynx at the level of the soft
palate. The Eustachian tubes from the middle ear
open into its lateral walls. It is lined by columnar
epithelium and stratified squamous epithelium.
Beneath the epithelium is abundant mucosa-
associated lymphoid tissue (MALT) which samples
inhaled antigenic material and prepares defence
mechanisms against them.

Larynx

Laryngeal architecture is maintained by a series of
cartilaginous plates, the thyroid, cricoid, and arytenoid
cartilages (Fig. 5.25). These are joined together by
densely collagenous ligaments and are able to move
by the action of small bands and sheets of striated
muscle called the intrinsic muscles of the larynx.
These cartilages maintain openness and shape of the
airway and move to prevent food inhalation during
swallowing, assisted by the epiglottis.

Trachea and bronchi

These consist of a series of incomplete circular rings
of cartilage with a narrow strip of fibrocartilaginous

Epiglottis

QL)

Hyoid apparatus Thyroid

Fig. 5.25 Bones and
cartilages of the larynx

Arytenoid

Cricoid
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ligament bridging the gap on the dorsal surface.
The mucosa consists of pseudostratified ciliated
columnar epithelia with scattered goblet cells. The
bronchi which continue from the trachea have
variable amounts of smooth muscle in their walls —
hypertrophy of the smooth muscle is an important
component of some lung diseases.

Lymphocytes and IgA-secreting plasma cells
are closely associated with the bronchial glands and
lymphoid aggregations are common, being most
evident at the bifurcations.

The walls are innervated by the autonomic nervous
system. There are abundant muscarinic receptors and
cholinergic discharge causes bronchoconstriction.
Thereisinadditionanon-cholinergic, non-adrenergic
innervation of the bronchioles that produces bron-
chodilation, with vasoactive intestinal peptide (VIP)
being the mediator for the dilation. The leukotrienes
are potent bronchoconstrictors.

Bronchioles

These distal airways are lined by ciliated columnar
epithelium without pseudostratification. Occasional
goblet and Clara cells can be found. The Clara cell
is neither ciliated nor mucus producing — it con-
tains numerous mitochondria and abundant smooth
endoplasmic reticulum near the luminal surface.
The function of these cells is not known but being
rich in oxidative enzymes and lipoproteins, a role in
surfactant production is suggested.

Alveoli

There are hundreds of millions of alveoli in a nor-
mal lung, providing an enormous surface area for
gaseous exchange. Each alveolus is a polygonal air
space with a thin wall containing pulmonary capil-
laries and forming an air-blood barrier. Macrophages
lie on top of the lining cells phagocytosing inhaled
dust (including carbon) and are therefore an impor-
tant defence mechanism. There are also mast cells
present that contain heparin, lipids, histamine and
polypeptides that participate in allergic reactions.

Other functions of the respiratory
tract

Pulmonary embolisation

One of the normal functions of the lungs is to filter
out small blood clots and this occurs without any
symptoms. When emboli block larger branches
of the pulmonary arteries they provoke a rise in
pulmonary arterial pressure and tachypnoea due to
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activation of vagally innervated pulmonary receptors
activated by serotonin release from the platelets at
the site of embolisation.

Lung defence mechanisms

Bronchial secretions contain secretory immuno-
globulins (IgA) and other substances that help resist
infection. The pulmonary alveolar macrophages (PAM)
help process inhaled antigens for immunologic
attack and they secrete substances that stimulate
granulocyte and monocyte formation in the bone
marrow. The ciliary escalator moves debris away
from the lungs at a rate of 16 mm/min. When
motility is defective mucus transport is virtually
absent, leading to sinusitis, recurrent lung infections
and bronchiectasis.

Metabolic and endocrine functions

¢ Surfactant manufacture by the fibrinolytic system
causes lysis of clots in the pulmonary vessels.

* Angiotensin I is converted to angiotensin II by
the angiotensin converting enzyme in the
pulmonary endothelium.

e Serotonin and norepinephrine are removed by
the pulmonary circulation.

Genetics

Genetics is the science of heredity — the transmission
of characteristics from one generation to the next.
These characteristics could be eye colour, fur length
or what sort of protein a cell produces. The basic
unit of inheritance for any characteristic is the gene.
They are lengths of DNA that contain a specific code
for any particular protein and each gene is located at
a particular position on the chromosome.

The DNA does not exist alone in a chromosome.
It is tightly bound to a group of small basic proteins
called histones which make up half the mass of a
chromosome — this combination is called chromatin.
Chromatin is made up of repeating units (each
consisting of 200 base pairs of DNA) known as
nucleosomes. Most of the DNA is wound around
histones, the remainder joins adjacent nucleosomes
and contributes to the flexibility of the chromosome
fibre. Thus a chromatin fibre is a flexibly jointed
chain of nucleosomes, rather like beads on a string.
A seven-fold reduction in the length of DNA is
achieved by organisation into nucleosomes, which
are the first stage in the condensation of DNA
(Fig. 5.26).

Our understanding of the architecture of chromo-
somes is at an early stage. Only a small proportion,
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Fig. 5.26 Chromosomes and coiling of DNA

perhaps 2%, of the genome codes for proteins, the
function of the remaining DNA remains an enigma.

Cell division

Nuclear divisions are of two types depending on
the number of chromosomes in the daughter cell.
Mitosis results in identical daughter cells with the
same number of chromosomes as the parent cell.
Mitosis takes place when growth occurs, e.g. red
blood cell production. Meiosis results in four daughter
cells, each containing half the number of chromo-
somes the parent cell had. For this reason it is also
called reductive division. This process occurs in the
production of gametes.

The cell cycle starts and ends with cell division
and consists of the processes of mitosis and inter-
phase. Interphase is when the cell carries out its
normal functions and the genes are being read to
produceactive proteins. Energy stores arereplenished
and the DNA replicates.

Stages of mitosis (Fig. 5.27)

e Prophase — the chromosomes have replicated
and the two chromatids are identical. The
normal cell activity stops and the nuclear
membrane breaks down. The centrioles move to
opposite sides of the nucleus, where they form
the spindle.

e Metaphase — the chromatid pairs attach
themselves to individual spindle fibres and align
themselves on the centre of the spindle. The
chromosomes become attached at the
centromeres and the chromosomes separate
slightly from each other. The chromosomes
arrange themselves on the spindle completely
independently, with no influence on each other.

* Anaphase — the chromatids are pulled apart by
the spindle fibres. The energy for this comes
from the mitochondria which gather around the
spindle. The newly separated chromatids are
now called chromosomes.

o Telophase — the chromosomes reach the poles
and become indistinct again. New nuclear
membranes form and the cell divides into two.
The daughter cells are now in interphase and
ready for the next division.

Stages of meiosis (Fig. 5.28)

o Interphase — DNA replicates so there are four
copies of each chromosome

e Prophase I - homologous pairs come together;
crossing over occurs to give genetic make-up

e Metaphase I — the homologous pairs arrange
themselves on the centre of the spindle

e Anaphase I — the chromatids are pulled apart
and move to opposite poles of the cell

o Telophase I - the division of cytoplasm begins

o Interphase

e Prophase II — a new spindle forms

e Metaphase II — the chromosomes line up on the
spindle

e Anaphase II - chromatids are pulled apart to
opposite poles of the cell

o Telophase II — cytoplasm begins to divide; there
are now four cells each with only a single
chromosome, i.e. haploid.

Principles of Mendelian
inheritance

Gregor Mendel was an Austrian monk alive in the
nineteenth century. His study of the variation in the
position of flowers on the plants in the monastery
garden led him to the conclusion that the matings
were not random, but could be predicted. By proving
this he created his first law which states — the
characteristics of an animal are determined by genes
which occur in pairs and that only one of a pair of
genes can be represented in a single gamete (i.e. ova
or sperm). This law in its simplest form states that
alleles separate to different gametes.
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Mendel’s second law is the law of independent
assortment. This states that members of different
pairs of alleles assort independently during gamete
formation.

The experiment Mendel carried out to investigate
this inheritance involved using only a single pair
of characteristics. Figure 5.29 shows an example of
a cross of a homozygous dominant with a homo-
zygous recessive. Note that the results of this cross
would all be heterozygous, expressing the dominant
phenotype.



Questions for Chapter 5

Short answers

1.  What is a protease and what does it
catalyse?

2. Which two of the following would hydrolyse

the peptide bond on the carboxyl side of
either an aromatic or an arginine residue?
Lipase, trypsin, amylase, chymotrypsin,
tropomyosin, lysozyme, galactosidase.

3. Explain the differences between plasma,
interstitial fluid and intracellular fluid.

4. Why do red blood cells swell and burst

when they are placed in a solution of 0.3%

sodium chloride?

5. What are the functions of the proteins
found in cell membranes?

6. What is receptor-mediated endocytosis?

Multiple choice questions

Select the single best answer:

1. Cell membranes

a.

consist almost entirely of protein
molecules

are impermeable to fat-soluble
substances

in some tissues permit the transport of
glucose at a greater rate in the
presence of insulin

. are freely permeable to electrolytes but

not to proteins

have a stable composition throughout
the life of the cell

2. The primary force moving water molecules
from the blood plasma to the interstitial
fluid is

a.

L 4

active transport
co-transport with H*
facilitated diffusion
co-transport with Na*
filtration

Biology

Proteins that are secreted by cells are

generally

a.

=

not synthesised on membrane-bound
ribosomes

found in vesicles and secretory granules

c. moved across the cell membrane by

endocytosis

. secreted in a form that is larger than

the form present in the endoplasmic
reticulum

Osmosis is

a.

movement of solvent across a
semipermeable membrane from an
area where the hydrostatic pressure is
high to an area where the hydrostatic
pressure is low

movement of solute across a
semipermeable membrane from an
area in which it is in low concentration
to an area in which it is in high
concentration

movement of solute across a
semipermeable membrane from an
area in which it is in a high
concentration to an area in which it is
in a low concentration

movement of solvent across a
semipermeable membrane from an
area in which it is in a low
concentration to an area in which it is
in high concentration

movement of solvent across a
semipermeable membrane from an
area in which it is in a high
concentration to an area in which it is
in a low concentration

In the following questions indicate whether
the first item is greater than (G), the same
as (S), or less than (L) the second item.

Hydrogen ion concentration in lysosomes
GSL

Hydrogen ion concentration in cytoplasm
of cells
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10.

ECF volume 30 minutes after i.v. infusion
of 1000 ml of isotonic (5%) glucose
GSL

ECF volume 30 minutes after i.v. infusion
of 1000 ml of isotonic (0.9%) sodium
chloride

Total body water 30 minutes after i.v.
infusion of 2000 ml isotonic (5%) glucose
GSL

Total body water 30 minutes after i.v.
infusion of 1000 ml isotonic (0.9%)
sodium chloride

Calculated plasma volume when some of
the dye used to measure it is unknowingly
injected subcutaneously instead of i.v.
GSL

Calculated plasma volume when all of the
dye is injected i.v.

Concentration of K* in intracellular fluid
GSL
Concentration of K* in interstitial fluid

Concentration of Ca®* in intracellular fluid
GSL
Concentration of Ca®*in interstitial fluid

True or false questions

1.

N o a0 & w

10.

11.

1 nm is equivalent to 107*° meters

Examples of small biomolecules (less
than 1 nm) are sugars and amino acids

Ribosomes synthesise proteins and fats
Amino acid chains contain peptide bonds
ATP is an energy source

Haemoglobin consists of four subunits

The breaking of a bond by the addition of
water is called hydrazyme

Trypsinogen is an active enzyme in the
small intestine

Myoglobin transports oxygen in blood

Ferritin and transferrin are the same
protein, but found in different places — the
blood and liver respectively

Collagen has high tensile strength

12,

13.

14,

15.
16.
17.
18.
19.
20.

21.

22,

23.
24,

25.
26.

21.

28.

29.

30.

31.

32

33.

An antigen is a cell surface marker,
usually a protein, which identifies a cell as
self

The receptor protein in retinal cells is
called rhodopsin

Sterols are made of three fatty acids
bound to glycerol

Leukotrienes are fatty acids

Platelets are produced from thromboxane
Glycogen is the major energy reservoir
Glucose is derived from polysaccharides
Trioses are carbohydrates

Stereoisomers are different configurations
of the same molecular structure

Hexoses have seven carbon atoms and
are sugars

Each deoxyribonucleotide contains a base,
a sugar and a phosphate group

Guanine is paired with adenine

Not all the genes in a dog are made of
DNA

ATP stands for alpha-triose-protein

The basic strategy of metabolism is to
produce ATP

Anabolism is a degradative process

All cells have an outer membrane and
inner membranes round special functional
areas

Actin is a filamentous protein found
outside cells

The cell membrane is a fluid-mosaic
structure consisting of proteins and lipids
arranged in a bilayer

The epithelia lining the gut allow free
protein diffusion between all the cells

Pinocytosis is the term used to describe
the uptake of large particles by the cell

Iron is taken up by a cell by receptor-
mediated endocytosis



34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

41.
48.

49.

Cytoplasm consists of GAGs and fibrillar
proteins

GAGs are large proteins including
hyaluronic acid and chondroitin sulphate

Fibronectin is found in the extracellular
matrix

Histones are released by mast cells in the
tissues

Oxidative phosphorylation is the process
whereby energy is released from ATP

New peptides are translated in ribosomes

Lipids are synthesised in smooth
endoplasmic reticulum

Endocrine secretion is towards the free
epithelial surface and is how hormones
are released

There are three types of contractile cells:
muscle cells, myoepithelial cells and
myofibroblasts

Following tissue damage skeletal muscle
can regenerate

Homozygous is the maintenance of a
steady state within a cell

The SA node is located where the caudal
vena cava enters the right atrium

Purkinje fibres have no glycogen stores as
they do not contract

Capillaries are 5-10 nm in diameter

Pericytes are scattered contractile cells
around capillaries

Lymphatic capillaries are always blind
ended

50.

51.

52,

53.

54.

55.

56.

51.

58.

59.

60.

61.

62.

63.

64.
65.

Biology

Goblet cells secrete lipid and some
protein but no carbohydrate

Lysozyme is part of the body’s non-
specific immune system

Mucosa-associated lymphoid tissues are
permanent aggregates of lymphocytes

The cricoid consists mainly of collagen

The trachea consists of incomplete
C-shaped cartilages with a ventral
collagenous ligament

Leukotrienes are potent bronchodilators

Clara cells are phagocytic cells found in
the bronchioles

Bronchial secretions contain secretory
immunoglobulins

Angiotensin | is converted to angiotensin Il
in the lungs

DNA only accounts for half the mass of a
chromosome

Condensation of DNA involves uncoiling
and spreading it out ready to be copied

Histones are carbohydrates that DNA is
wound around

Alleles are alternative forms of the same
gene

A homozygous individual carries two
copies of the same gene

A gamete contains one of a pair of genes

The result of a cross between two
heterozygous individuals would result in
half the offspring being heterozygous

For answers go to page 239
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Chemical Sciences

Learning aims and objectives

After studying this chapter you should be able to:

List the parts of an atom

Describe the make-up of the periodic table
State whether an agent is an acid or a base
Describe the common functional groups.

Atomic structure

An atom is the smallest component part of an
element. It consists of a small positive nucleus sur-
rounded by negative electrons. For an idea of scale,
think of Wembley stadium. If the centre spot on the
pitch is the nucleus of an atom the electrons would
orbit as far out as the back row of seats. Figure 6.1
shows the arrangement of these electrons as they
orbit the nucleus. Most atoms have a radius of
about 107 m or 0.1 nm and so are too small to see
with light microscopes; they can, however, be seen
with electron microscopy. Although they are too
small to be weighed, it is possible to compare the
relative atomic masses.

The sub-atomic particles

There are three sub-atomic particles:

Proton RM=1 RC = +1
Neutron RM=1 RC=0
Electron RM =1/1836 RC =-1

where RM = relative mass, RC = relative charge.

The nucleus

The nucleus is at the centre of the atom and contains
the protons and neutrons, which are collectively
known as nucleons. Virtually all the mass of the
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Protons and neutrons
in the nucleus

"\ FElectrons orbiting in
‘shells’

74

Fig. 6.1 Structure of an atom

atom is concentrated in the nucleus because the
electrons weigh so little:
e number of protons = atomic number

e number of protons and neutrons = mass number
(also called the nucleon number).
This information can be given in the following
form:
92|.9F
The atomic number counts the number of protons
(9), the mass number counts protons and neutrons
(19) so there must be 10 neutrons. The atomic number
is tied to the position of the element in the periodic
table and therefore the number of protons defines
what sort of element you are talking about. So if
an atom has 8 protons it must be oxygen; likewise,
if an atom has the atomic number 12, it must be
magnesium.

Isotopes

The number of neutrons in an atom can vary within
small limits. For example, there are three kinds
of carbon atom: ?C, ®C and C. They all have the
same number of protons and are called isotopes. The
fact that they have varying numbers of neutrons
makes no difference to their chemical reactions.

Electrons

Atoms are electrically neutral and the positive charge
of the protons is balanced by the negative charge of
the electrons, so the number of electrons and number
of protons are the same in a neutral atom. The elec-
trons are found in a series of levels called energy
levels or shells. The first level nearest the nucleus
holds two electrons, the second and third hold eight,
and the fourth (M shell) holds 18 electrons. An elec-
tron will always go into the lowest possible energy
level (nearest the nucleus) provided there is space.

Electronic configurations

You can work out the electronic arrangement of
an atom by looking up the atomic number in the
periodic table — this tells you the number of protons
and hence electrons. Arrange the electrons in levels,
always filling up an inner level before going on to
an outer one. To find the electronic arrangement
of chlorine, for example, the periodic table gives
you the atomic number of 17. Therefore there are 17
protons and 17 electrons — the arrangement of the
electrons will be 2, 8, 7 (i.e. 2 in the first level, 8 in
the second and 7 in the third).

Periodic table

In modern periodic tables the elements are in strict
order of atomic number. The properties of the
elements are related to their position in the table.
Besides a division into vertical groups of similar
elements, it is also useful to split the periodic table
into five blocks of elements with similar properties:

o the reactive metals (elements in groups I and II)

e the transition metals

o the poor metals (metals in groups IIL, IV, V

and VI)
e the non-metals in groups III, IV, V, VI and VII
e the noble gases.
Inspite of its limitations, the classification of elements
as metals, metalloids and non-metals is very useful.
The commonest classification is based on electrical
conductivity:
e metals are good conductors of electricity

» metalloids are poor conductors of electricity
e non-metals are non-conductors.

Other chemical properties that are shared are:

e metals, metalloids and diamond form giant
structures; they have high melting points, high
boiling points and high densities

e non-metals (except diamond) form simple
molecular structures, have low melting points,
low boiling points, low densities and are non-
conductors.

The periodic table (Fig. 6.2) was arranged in 1869

by a Russian chemist called Mendeleev. At the time,

although some elements had not yet been discovered,
he was able to predict both their existence and pro-
perties. From left to right across the periodic table,
elements change from being reactive metals through
less reactive metals, metalloids, less reactive non-
metals to reactive metals (on the extreme right are
the noble gases). Another example of how properties
change across the table is that the elements change
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Fig. 6.2 The periodic table

from strong reducing agents (e.g. Na, Mg) through
elements that are weak reducing agents, then weak
oxidising agents to strong oxidising agents (e.g. Cl).
Elements in any column or group are similar. For
example, the first column on the left (starting with
hydrogen) contains the alkali metals; they are all
soft metals that react violently with water to make
hydrogen gas. The number of electrons in the outer
shell is the same in each of the elements in the
column and this contributes to their shared proper-
ties. In the alkali metals, there is one electron in the
outer shell, meaning the energy needed to set that
lone electron off into dizzying freedom is very small.
That is why the alkali metals all react so violently.
Not all elements lose an electron in a chemical re-
action. Sometimes the opposite happens. The second
column from the right contains the halogens — they
all have 7 or 17 electrons in their outer shell. The
halogens are all highly reactive elements as the outer
shell can take 8 or 18 electrons and so they attract
any spare electrons. This means the halogens and the
alkali metals form compounds together, e.g. NaCl.
The far right group are called the noble gases
and they have a full outer level of electrons. As a
consequence they never form compounds with
other elements. In general, the arrangement of the
outermost electrons, called the valence electrons,
tells you about an element’s chemical behaviour.
The elements in the middle of the table are called
the transition metals — all of them have similar
properties.

lonic (electrovalent) bonding - the
transfer of electrons

NaCl is formed because sodium has one electron
in its outer shell and if it gave that away it would be
a more stable structure. Chlorine has one electron
short of a stable structure and so attracts the spare
electron to make it more stable. However, now the
sodium has lost an electron, it no longer has equal
numbers of electrons and protons and therefore
has a charge of plus 1. This positive ion is called a
cation. The chlorine has gained an electron, has a
negative charge of 1 and is called an anion. The
sodium and chloride ions are held together by the
strong electrostatic forces between the positive and
negative charges.

Hydrogen bonding

These are particularly strong intermolecular forces

that require:

e ahydrogen atom attached to a highly
electronegative atom

e an unshared pair of electrons on the
electronegative atom.

In the NH; molecule there are three N-H bonds

and one non-bonded electron pair. This means there

can be one H bond per molecule. In water however,

there are two O-H bonds and two unshared elec-

tron pairs per molecule. This means that each H,O

75
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0
Fig. 6.3 The structure of water (H,0)

molecule can form two hydrogen bonds (Fig. 6.3)
and this helps to explain the three-dimensional
lattice structure seen in ice. Water has unexpectedly
high values for its melting point and boiling point
and these are explained by the extra attractions
between water molecules due to the formation of
H bonds. It also explains the high surface tension of
water, which forms a sort of ‘skin” over the surface
so small beetles can float on an undisturbed water
surface.

Proportions by which
chemicals react

Relative atomic mass

Chemists use a relative atomic mass scale to compare
the masses of different atoms. Originally hydrogen
was chosen as the standard against which the others
could be measured as it had the smallest atoms.
But when scientists discovered that one element
could contain atoms of different masses (isotopes)
it became necessary to choose a single isotope as
the reference standard and carbon-12 was chosen.
This is the isotope of carbon with a relative atomic
mass of 12 and was chosen as carbon is a common
element, is a solid and can be easily stored and
transported.

The mole

Since the atomic mass in grams of all elements con-
tains 6 x 10% atoms, chemists refer to this number of
atoms of an element as 1 mole. They also use the
term mole to mean the relative atomic mass in grams.
The mole is the amount of substance which con-
tains the same number of particles (atoms, ions or
molecules) as there are in exactly 12 grams of C.
The symbol of an element can be used to represent
one mole of the element as well as one particle of
the element — O represents one mole of oxygen
atoms (16 g of oxygen) but O, represents one mole
of oxygen molecules (32 g of oxygen). So it is
important to specify which particles you mean

when discussing the number of moles of different
substances.

To summarise, the relative atomic mass in grams
of any element contains 6 x 102 atoms and the rela-
tive molecular mass in grams of any compound con-
tains 6 x 10® molecules. The relative molecular mass
is used to calculate molar quantities of compounds.

The mass spectrometer is used to weigh atoms
and atomic masses are quoted to four decimal places.
Mass spectrometers can distinguish between carbon
monoxide and nitrogen, whose atomic masses are
identical, on the strength of those decimal places.
This has two practical uses: we can assemble the
correct number of particles to react with each other
to give a known compound; alternatively, we can
count the number of particles reacting in an unknown
reaction and deduce what has happened.

To get out of the language of grams and into the
language of moles we use the following formulae:

Mass in grams = number of moles X relative atomic
mass
mass in grams

Number of moles = ;
relative molecular mass

therefore to work out how many moles of substance
are in 60 g of silicon dioxide (SiO,):
60 _ 60

moles = =
[28 + (2x 16)] 60

60 g of silicon dioxide therefore contains 1 mole.

Proportions in chemical reactions

To convert word to symbol equations you need to
know the chemical formulae: magnesium + oxygen
= magnesium oxide is written as:

Mg + 0, = Mg0

However, counting the number of atoms on each
side of the equation shows three atoms on the left
and only two on the right, so the equation is not
balanced. To correct this, the equation is written as:

2Mg + 0, = 2MgO0

Chemical reactions occur according to the number
of particles reacting in proportion, not according to
the masses of the different substances taking part.

Acids and bases

In 1661 Robert Boyle summarised the properties of
acids as follows.
* acids have a sour taste

e acids are corrosive



e acids change the colour of certain vegetable
dyes, such as litmus, from blue to red

e acids lose their acidity when they are combined
with alkalis.

The properties of alkalis are:

o they feel slippery

e they change the colour of litmus from red to blue

o they become less alkaline when they are
combined with acids.

Acids and alkalis (bases) were first identified as
specific types of compounds because of their specific
behaviour in aqueous solutions. An acid is a sub-
stance that produces H;O" (H") when it is dissolved
in water. It is a proton donor and an electron pair
acceptor or a species that donates protons, e.g. HCI,
NH,, AICI ;. A base is a substance that produces an
OH™ when it is dissolved in water. It acts as a proton
acceptor, or an electron donor, e.g. NaOH, KOH,
CH;NHo,.

Acids and bases relate to each other in conjugate
pairs, for every acid there is a conjugate base and
vice versa, and they relate to each other by the
donating and accepting of a single proton. Water can
act as an acid or a base because it gives protons back
and forth within itself. All acid-water interactions
can be written in the general form:

HA + H,0 <& H;0*
acid 1 base 2 acid 2

+ A”
base 1

where HA is a general formula for an acid which
gives its hydrogen ion away as a proton to water
and where the A™ left behind represents the conjugate
base of the acid in question.

If the equilibrium is overwhelmingly to the right,
as it is when A is chlorine, then the acid is described
as strong and the conjugate base is weak. If the
equilibrium is to the left of the equation, as it is
with the organic acid ethanoic acid, then the acid is
described as weak but the conjugate base is strong.
In this situation the acid will not dissociate much.
Amongst the hundreds of acids in existence, there
is a wide spread of strengths and these are given a
quantitative form called the acid dissociation con-

pH scale

0 1 2 3 4 5 6 7 8

HCI Lemon

juice

Stomach
acid

Vinegar Milk  Water

Blood

Fig. 6.4 The pH scale
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tant (Ka). The weaker the acid, the smaller the Ka
and the less it will dissociate. Strong acids completely
dissociate into their component ions in aqueous
solutions:

e strong acids: HCI, H,SO,, HNO;, HCIO,

o weak acids: NH*, NCN, HF, HNO,

pH scale

The pH scale ranges from 0 to 14 (Fig. 6.4). It measures
the acidity or basicity of a solution. A pH of 7 means
it is a neutral solution — pure water has a pH of 7.
A pH of more than 7 means the solution is basic. The
less pH, the more acidic the solution is. The more
pH, the more basic the solution is. pH stands for
the power of H, or the amount of H* ions acids or
bases take, or contribute, in solution. pH equals the
negative log of the concentration of H', i.e. when the
concentration of H* ions in a solution is 10™*, the pH
is 14.

Acid-base reactions

Alkalis consume, or neutralise, acids. Acids lose
their characteristic sour taste and ability to dissolve
metals when they are mixed with alkalis. Alkalis
are known as bases because they form the base for
making certain salts. The characteristic properties
of acids result from the presence of the hydrogen ion
generated when the acid dissolves in water. It also
explains why acids neutralise bases and vice versa.
Acids provide the H ion, bases provide the OH™ ion
and these ions combine to form water:

H*+ OH™— H,0

In these reactions a hydrogen ion is transferred from
an acid to a base. In the below examples, the first
reactant is the acid and the second is the base:

H,S0, + Ca(OH), — CaS0, + 2H,0
HCI + NaOH — NaCl + H,0
H,S0, + 2NH; — (NH,"),S0,%

9 10 1" 12 13 14

Ammonia NaOH
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Buffer solutions

Sometimes it is useful to have a system for prevent-

ing pH changes. This ensures the reagent in the

system stays as we want it. Swimming pool water,
for example, contains a 50:50 mixture of HOCI/

CLO". A reagent which opposes changes in the pH is

called a buffer and it does this by either:

e taking the hydrogen ions out of circulation so
that they cannot affect the pH, such as carbonate;
or

e by having a reserve of hydrogen ions ready to be
pulled off to neutralise the incoming OH™ ions.

Ethanoic acid is suitable for this. Every weak acid

mixed with its conjugate base (in the form of the

sodium salt) will operate as a buffer.

Experimental investigations

The fact that water dissociates to form H' and
OH" ions in a reversible reaction is the basis for an
operational definition of acids and bases. An acid
is any substance that increases the concentration
of the H' ion when it dissolves in water. A base is
any substance that increases the concentration of
the OH™ ion when it dissolves in water. To decide
whether a compound is an acid or a base we dissolve
it in water and test the solution to see whether the
H" or OH™ ion concentration has increased. The pH
can be found by dissolving a small amount of the
substance in deionised water and adding a few
drops of Universal Indicator solution — the colour
produced is compared with a pH chart.

Indicators

Acid-base indicators such as methyl orange, phenol-
phthalein and bromothymol blue are substances
that change colour according to the hydrogen ion

concentration of the solution to which they are
added. Consequently they are used to test for acidity
and alkalinity. It is not possible to say precisely when
the two forms are at equal concentrations as the
indicators effectively change colour over a range of
about 2 pH units. Figure 6.5 shows the colour
changes observed by some indicators.

Organic compounds

Hydrocarbons

Compounds that only contain carbon and hydrogen
are called hydrocarbons. Carbon has four electrons
inits outer shell and therefore can form four covalent
bonds to other atoms. Methane (CH,) is the main
hydrocarbon in natural gas. Carbon can actually
form single, double and even triple covalent bonds
to other carbon atoms.

Alkanes

Hydrocarbons, in which all the carbon—carbon links
are single covalent bonds, are known as alkanes
(Table 6.1). The alkanes are a family of compounds

Table 6.1 Alkanes

1 Methane CH, -164
2 Ethane CyHg -89
3 Propane CsHg -42
4 Butane C4Hyo —1

5 Pentane CsHio +36

Indicator 1 2 3 4 5 6 7 9 10 M 12 13 14 pH| Fig.6.5 Colour
changes of some
Red-orange indicators
Methyl orange ey, Yellow
Red
Litmus > Blue <¢
Bromothymol
blue ! Yellow Blue <<
Phenolphthalein Colourless Red
<
Universal Deepred  Orange Yellow Green Blue Deep violet
indicator
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Butane Methylpropane Fig. 6.6 The structures of butane and
2-methylpropane
Molecular formula CyHyo Gty
H H H
H H H H H-C— C—CH
Structural formula  H — C c~-C—~C—H H H
H H H H
C—H
H
with similar structures, similar properties and the  |gomers

same ending to their names -ane. There is a general
formula for alkanes of:

CoHzn+2)
where n = number of carbon atoms.

A family of compounds like this is known as
a homologous series. Alkanes have the following
chemical properties:
e burn very exothermically

e make good fuels
e when burnt they make CO, and H,O.

Methane is a major part of natural gas; propane
and butane are sold as liquefied petroleum gas
(LPG). Propane is stored in tanks for those without a
mains gas supply and butane is used for stoves and
camping gas (e.g. Calor gas).

Alkenes

Alkenes (Table 6.2) have at least one double bond
and are called unsaturated. Their formula is C,H,,.
Alkenes are much more reactive than alkanes.

Table 6.2 Alkenes

Ethene C,H, -104
Propene C3Hg -47
Butene C4Hg -6
Pentene CsHyo +30

Molecules with the same molecular formula can
have different structures. The same number of atoms
canbe connected in different ways —this isisomerism,
e.g. CjHyy can be butane or 2-methylpropane as
shown in Figure 6.6.

Functional groups

The alcohols are a homologous series of compounds
in the same way that the alkanes and alkenes are.
All alcohols have an -OH group - this is known as
the functional group. A functional group is a group
of atoms in a structure that determines the charac-
teristic reactions of that compound. The general
formula is therefore:

an2n+10H

Other examples of functional groups are shown in
Figure 6.7.

~OH group in butan-l-ol H-—C C C— C-— OH

(alcohols)

-NH, group in amines eg. CH3 NH, methylamine

~Halogen group in ketones eg. CH; COCHj3 propanone

Fig. 6.7 Examples of functional groups
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Questions for Chapter 6

Practical tasks

Identify the pH of the following substances and
classify them as acids, bases or neutral substances.
e Soda water

e Milk of magnesia

e Salt

* Vinegar

e Lime

e Lemon juice

e Bicarbonate of soda

Apparatus and equipment required - test tubes, pH
chart, beakers, spatula

Safety — wear gloves and eye protection where
appropriate

Method - Place one spatula measure of solid or
pour a few drops of liquid into a test tube. Half-fill
the test tube with deionised water from a small
beaker and shake to dissolve the solid or mix the
liquid. Add a few drops of Universal Indicator to
the test-tube. Make a note of the colour in a table.
Compare it against the pH colour chart and record
the pH of the nearest colour in the table.

Questions

1. Why might a scientist prefer to use
Universal Indicator rather than a different
indicator like litmus?

2. What would happen if equal amounts of
vinegar and limewater were mixed?

3. Write out the symbol equations below the
word equations (it is not necessary to
balance the equations):

Carbon + oxygen — carbon dioxide

Calcium carbonate + sulphuric acid — calcium
sulphate + water + carbon dioxide

Potassium hydroxide + hydrochloric acid —
potassium chloride + water

4. Balance the following equations:
CaCO5; — CaO + CO,
MgO + HCI — MgCl, + H,0
S0, + 0, — SO,
Na,CO5 + HNO; — NaNO; + H,0 + CO,
N, + H, — NH,

5. If mass of substance = number of moles x
Relative Formula Mass, what is the mass
of 2 moles of carbon?

6.  How many moles are there in 88 g of CO,?

7. What is the difference between the molar
mass, the relative formular mass and the
mass of one mole?

8.  What is a molecule?

Give another name for the joining together
of two atoms.

10. What do atoms in covalent bonds share?
11. Why do atoms share electrons?

12. Which group of the periodic table do the
atoms try to be like?

13.  Write the formula for calculating moles.
14. What is an alkane?

15. What is an alkene?

16. Name three alkanes and their formulas.
17.  Name three alkenes and their formulas
18. Name two chemical properties of alkanes.
19. What is a functional group?

20. Magnesium hydroxide is the active
ingredient in some indigestion tablets,
write an equation showing how this
chemical reacts with acid in the stomach.

21. How do dock leaves relieve the sting from
nettles?

22.  What pH are wasp and bee stings and
therefore what are suitable antidotes?

Practical pH investigation answers

¢ Exact colour and pH depends on concentrations
* Acids - soda water, vinegar, lemon juice

o Alkalis — milk of magnesia, lime, bicarbonate of
soda

o Neutral — salt

For answers go to page 240



Microbiology

Learning aims and objectives
After studying this chapter you should be able to:

Understand the characteristics of micro-
organisms by being able to explain the
pathogenicity, life cycle and transmission of
micro-organisms

Understand the growth of micro-organisms, be
able to culture micro-organisms and perform
cell counts

Understand the growth requirements of micro-
organisms.

Defences of the body

Bacteria, viruses, fungi, foreign proteins, cancer are
all organisms or conditions which constantly pose
a threat to the body. The body is equipped with an
elaborate system of defence, known as the immune
system, designed to protect it from these foreign
invaders. There are two major components to
immunity — recognition and discrimination.

Recognition

Recognition occurs when a foreign agent invades the
body for the first time. The immune system recog-
nises the agent as foreign due to its abnormal surface
molecules, called antigens. Within a short time a
series of reactions begin which eventually destroy
the invader. Because it takes time for the immune
system to launch its defence, first-time invaders
usually will produce symptoms of illness, and
severity will depend on the extent of exposure and
invasiveness of the enemy agent. However, once the
first-time invaders are destroyed, if that particular
enemy agent attempts to invade at a later time, the
immune response will occur much more rapidly
and the body will experience few or no symptoms
before the agent is destroyed. This is because of the
memory response mediated by the lymphocytes.

Discrimination

The second component of the immune system is
called discrimination. The immune system must be
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able to differentiate the normal tissues and fluids
that make up the animal’s body from the invading
agent. To facilitate this, all cells have a unique set of
molecules on their surface which allows the body’s
immune system to recognise them as its own cells.
These molecules, known as antigens, are usually
proteins but can be carbohydrates. The molecules
on the surface of an invading agent will be different
and will, therefore, allow the immune system to
recognise the agent as foreign and initiate a defence.

Characteristics of micro-
organisms and transmission

Micro-organisms can be defined as certain kinds of
organisms, all of which are small and simple com-
pared with higher forms of life. They comprise the
following;:

* Dbacteria

e unicellular algae

o fungi

® protozoa

® viruses.

Some of these, such as the protozoa, are classified as
animals and some fall into the category of protista
(bacteria and viruses). The more highly organised
micro-organisms such as fungi have nuclei (Fig. 7.1),
undergo mitotic division and have cytoplasmic
organelles that are called eukaryotic cells.

Structure of bacteria

Figure 7.2 shows the range of shapes of bacteria
while Box 7.1 lists the main points regarding their
structure. Fungi and protozoa are eukaryotes and
the main differences in their structure and function
are listed in Box 7.2.

Polar bud
scar

Chromosome

Mitochondrion
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Fig. 7.1 Yeast morphology
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Fig. 7.2 Bacterial morphology

Rod (bacillus)

Concepts of bacterial cell structure

* bacteria are small and simple in structure
when compared to eukaryotes, yet they have
characteristic shapes and sizes

o although they have an outer plasma membrane,
which is required by all living cells, bacteria
lack extensive internal membrane systems

o the cytoplasm of the cell contains ribosomes
and the nucleoid with its genetic material

* most bacteria can be divided into Gram-
positive and Gram-negative structures
depending on their cell wall structure and the
response to the Gram stain

e components like capsules and fimbriae are
located outside the cell wall — one of these is
the flagellum, which many bacteria use like a
propeller

» some bacteria form resistant endospores to
survive harsh environmental conditions in a
dormant state

Fungi

Fungi have a true nucleus with several chromo-
somes. They are primitive plants butlack chlorophyll
and therefore must gain nutrients by parasitism



Eukaryote cell structure and function

¢ have a variety of complex membranous
organelles in their cytoplasm and the genetic
material is within a membrane-enclosed
nucleus

e a cytoskeleton composed of microtubules,
microfilaments and intermediate filaments
gives the cells their shape and is also involved
in cell movements and intracellular transport

e genetic material is distributed by mitosis and
meiosis

or by being saprophytes. They exist in a unicellular
yeast form (e.g. Candida, Cryptococcus) or as a multi-
cellular, filamentous mould colony (e.g. Aspergillus,
Microsporum). Structural support is from a cell wall
composed of polysaccharides, which is strongly
antigenic and stimulates immune responses in
patients very easily.

Microbial growth

Concepts

o Growth is defined as an increase in cellular
constituents and may result in an increase in a
micro-organism’s size or number or both.

¢ When micro-organisms are grown in a closed
system, growth remains exponential for only a
short time, then enters a stationary phase due to
factors such as nutrient limitation and waste
accumulation.

o Water availability, pH, temperature, oxygen
concentration, pressure and radiation all
influence microbial growth — yet bacteria
have managed to adapt and flourish under
conditions that would destroy most higher
organisms.

e Population growth is studied by analysing the
growth curve of a microbial culture which has
four distinct phases:

lag phase, where no growth takes place
exponential phase, where there is a maximum
rate of growth

stationary phase, population growth stops
death phase, due to the build up of toxins.

e Dormancy occurs in some micro-organisms, e.g.
anthrax, where the organism is inactive and not
reproducing.

Microbiology

Oxygen concentration

e An organism able to grow in the presence of
atmospheric oxygen is an aerobe.

e An organism that can grow in its absence is an
anaerobe.

o If the organism is dependent on oxygen it is an
obligate aerobe.

e Facultative anaerobes do not require oxygen for
growth but do better in its presence.

e Organisms such as Bacteroides, Fusobacterium
and Clostridium do not tolerate oxygen at all
and die in its presence — these are obligate
anaerobes.

o Campylobacter belongs to a group called
microaerophiles, which require oxygen levels
below the normal atmospheric range for growth.

o Fungi are usually aerobic.

* Yeasts are usually facultative anaerobes.

Osmotic effects on growth

e The cell wall that separates micro-organisms
from their environment is a semi-permeable
membrane, so micro-organisms are affected by
changes in the osmotic concentration of their
surroundings.

e If an organism is placed in a hypotonic solution,
water will enter the cell and cause it to burst —
unless something is done to prevent the influx.

e When an organism is placed in a hypertonic
solution, water leaves the cell, it becomes
dehydrated and the cell becomes metabolically
inactive.

Temperature

e Environmental temperature profoundly affects
micro-organisms as they are poikilothermic —
their temperature varies with that of the external
environment.

e Metabolism is more active at higher
temperatures and the organism grows faster.

¢ High temperatures damage micro-organisms by
damaging enzymes, transport carriers and other
proteins.

e Some of the infectious organisms of animals,
such as Pseudomonas, are psychrophiles (grow
at 0-20°).

e Others, called mesophiles, grow best at 20-45°C;
most pathogens fall into this category.

Sexual and asexual reproduction

e Yeasts reproduce either asexually by budding
and transverse division or sexually through
spore formation.
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Asexual spore formation occurs in individual
fungi by mitosis and hyphae splitting to form
cells that behave as spores. These cells are called
arthrospores.

Sexual reproduction in fungi involves the union
of compatible nuclei. Some are self-fertilising.

Most protozoa reproduce asexually. The most
common method of asexual reproduction is
binary fission. During this process the nucleus
first undergoes mitosis, then the cytoplasm
divides by cytokinesis to form two identical
individuals.

Sexual reproduction in protozoa is by
conjugation. There is exchange of gametes
between compatible types by them fusing
together.

The viral replicative cycle can be divided into eight
steps (Fig. 7.3):

attachment — virus attaches to host cell
membrane, often to a specific protein receptor
penetration — penetrates host cell membrane
uncoating — viral protein coat is broken,
releasing viral genetic material into host cell
cytoplasm

transcription — an mRNA strand is made from
the viral genetic material

translation — viral mRNA attaches to host
ribosomes and nucleic acids are translated into
viral proteins
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Viral particle
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Fig. 7.3 Viral replication

replication — duplicate strands of genetic
material are produced from the original viral
template

assembly — viral proteins and newly formed
viral genetic material combine to form mature
viral particles

release — new virus particles either bud from
the host cell membrane or are released as the
host cell bursts, allowing infection of other
cells.

Transmission of micro-organisms

A carrier is an infected individual who is a
potential source of infection for others.

Zoonoses are diseases of vertebrate animals that
can spread to humans.

Vectors are organisms that spread disease from
one host to another, such as mosquitoes, ticks,
fleas or mites.

Airborne transmission usually occurs from the
respiratory system of one animal to another.
Contact transmission can be direct (with the
animal or its products), indirect (usually via an
inanimate object such as a thermometer) or by
droplet spread.

Inanimate materials involved in pathogen
transmission are called vehicles. In common
vehicle transmission a single inanimate

object spreads the disease to multiple hosts,
e.g. a feeding bowl. These agents are called
fomites.

Practical microbiology

Safety rules

Read instructions on all equipment — if you do
not understand something ask your supervisor
or contact the manufacturer.

Wear protective clothing including aprons,
gloves and goggles where appropriate.

Wash hands and equipment with disinfectant
and clear up any spillages immediately.

Label all cultures, plates and tubes correctly so
that they can be identified. Details should
include the type of plate used, your name and
date, the organism’s name (if a pure culture) or
the source and dilution if unknown.

Ensure you follow your practice’s SOP and risk
assessments when using chemicals and Bunsen
burners.



Growing micro-organisms

If you wanted to do your own culture and sensitivity
on swabs taken in your practice you must become
familiar with the methods of growing bacteria and
fungi in the laboratory. We can use either liquid or
solid media as long as we provide the necessary
nutrients for growth and ensure the following:

The medium contains no organisms except the

ones we wish to grow, i.e. the agar plate is

sterile.

The medium is inoculated so that only the

organism we wish to grow is placed on the

agar plate and that contaminants are excluded.

The organism must be incubated in or on its

growth medium at a suitable temperature for it

to grow.

Streaking a culture on an agar plate

The aim is to obtain single colonies of bacteria that
are pure, since both cultures and colonies of bacteria
growing on plates are made up of large numbers
of cells and therefore may not be pure. As we streak

Microbiology

out a drop of the culture, single cells will eventually

be placed on the plate. The correct procedure is:
Sterilise your loop by holding the wire in the
Bunsen flame until it is red hot.

If the broth culture is in a tube, remove the lid
and flame the neck to ensure surface
contaminants are killed off.

Introduce the loop into the tube, allow it to cool
down first and remove a loop of solution.

Start the streaking at one end of the plate and
continue as shown in Figure 7.4. Re-flame your
loop before picking up culture from points 1, 2,
3and 4.

Figure 7.5 shows some of the bacterial and fungal
colony shapes you will see on agar.

Surface view
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O & N\ 3% ot
Round Irregular  Spindle Filamentous Rhizoid
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ooog — Spores
o2
Sporangia
Conidia

Fig. 7.4 Streaking an agar plate

Questions for Chapter 7

1. Which organisms are classified as
protista?

2. Which exist as a unicellular fungi and
which lives in mould colonies?
a. Candida
b. Cryptococcus
c. Aspergillus
d. Microsporum

Fig. 7.5 Bacterial colony shapes on agar

3. Are fungal cell walls strongly or weakly

antigenic?

4. What is an aerobe?

5. What happens to an organism in a

hypertonic environment?

6.  What range of temperatures do most

pathogenic organisms grow at?
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7. What happens to a virus during the

uncoating stage of its replication?

8.  What is a vector?

9. What is a fomite?

10. Is the capsule of bacteria found within or
outside the cell wall?

For answers go to page 241



Applied Pharmacology

Disease categories

Diseases are described as one of the following;:

* Genetic — passed on through the DNA, may not
be present at birth

* Immune mediated - the body attacks itself
* Traumatic
° Anomalous

Degenerative — for example senility, where free
radical damage affects nerve cells

Toxic (poisoning)

Overgrowth (hyperplasia) — epulis, benign oral
growths are examples

Infectious

Inflammatory

Congenital — an abnormality occurring during
development

* Cancer
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The Treatment of Infections

Learning aims and objectives

After studying this chapter you should be able to:

Describe how antibacterials disrupt cell
function

List commonly used antifungals and list sites
of action of antifungal drugs

State how antiviral agents work

Explain the mechanism of action of
antiparasitic drugs

Antimicrobial drugs

Antibiotics

Antibiotics were discovered in the 1930s. They were
produced initially by other micro-organisms and
all have a detrimental effect on bacteria, viruses or
fungi. Choosing an antibiotic is becoming increas-
ingly difficult with the wide array available. Often
broad-spectrum drugs like amoxicillin/clavulanate
or enrofloxacin are chosen when the pathogen is
unknown, but specific antibiosis based on culture
and sensitivity is more appropriate. Broad-spectrum
drugs are usually selected where the exact nature
of the pathogen is unknown. Such choices take into
account previous clinical experience and the likely
flora known to cause specific infections (e.g. Staph.
intermedius in canine pyoderma) as well as the
specific indications of the chosen drug.

Antibiotic sensitivity of an organism can be tested
by placing antibiotic-impregnated discs into cultures
of the organism to see if growth is inhibited around
the disc. This gives a good indication of sensitivity
in vitro (in the laboratory) but does not necessarily
mean the drug will kill organisms in vivo (in the
body). This is because some drugs penetrate different
areas of the body better than others. Neomycin is
an example of an antibiotic that is poorly absorbed
from the gut following oral administration and so
is ideal for enteric infections but not appropriate
for systemic infections. In-vitro results may suggest
that penicillin is an appropriate drug for treating
a streptococcal meningitis, but does not take into
account the inability of penicillin to cross the blood—
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brain barrier and enter the cerebrospinal fluid. It
can not cross the physiological barrier unless it is
damaged and so will not reach therapeutic levels in
cerebrospinal fluid.

Antibiotics are either bactericidal or bacteriostatic,
depending on whether they kill bacteria or stop
their replication. The decision as to which antibiotic
to use is also influenced by which of these groups
it falls into. The list below shows a few examples
of each:

e bactericidal
fluoroquinolones (e.g. enrofloxacin)
B-lactam antibiotics (e.g. penicillin)
aminoglycosides (e.g. gentamicin)
* bacteriostatic
sulphonamides (e.g. sulfasalazine)
tetracyclines (e.g. oxytetracycline)
chloramphenicol
erythromycin.
Antibiotic combinations are sometimes used in
mixed infections, but the drugs must be chosen with
care. Penicillin and streptomycin are two drugs
that are often used together as they do not interfere
with each other’s mechanism of action. However,
using a bacteriostatic drug with a bactericidal one
may be antagonistic as bacteriostats inhibit multi-
plication whilst bacteriocides are active mainly
against multiplying ones. Antibacterials can affect
several processes within the cell:
* DNA synthesis, e.g. fluoroquinolones
e protein synthesis (most common), e.g.
tetracyclines
e biochemical transformations, e.g. sulphonamides
e cell membrane function (most toxic, as damage
may be caused to mammalian/vertebrate cell
membranes, therefore rarely used systemically),

e.g. polymyxins
o cell wall growth, e.g. penicillin; vertebrate cells

do not have a cell wall therefore these are least

toxic.

Fluoroquinolones

The fluoroquinolones have been shown to be effec-
tive in the treatment of a wide range of bacterial
infections. These agents have a broad-spectrum bac-
tericidal activity that includes Gram-negative and
Gram-positive aerobic bacteria and mycoplasms.
They are not active against anaerobes and are there-
fore not as broad spectrum as some might think.
They should not be used as first-choice antibiotics
in order to prevent the development of resistance.
The fluoroquinolones in veterinary use include:

¢ enrofloxacin

e marbofloxacin

o orbifloxacin
o difloxacin

o ibafloxacin
o danfloxacin.

Ibofloxacin is a new fluoroquinolone that has been
developed exclusively for veterinary use. These
agents work by inhibiting the bacterial enzymes
(DNA gyrases) that are required for DNA super-
coiling to provide a suitable spatial arrangement
of DNA within the bacterial cell.

The minimum inhibitory concentration (MIC) is
a way of determining how sensitive a bacteria is to
the antibiotic. Pasteurella species are very sensitive
to the fluoroquinolones, as are Gram-negative bacilli
(e.g. E. coli) and Gram-positive cocci (Staphylococcus
spp.) as they have a low MIC. Enterococci, B.
bronchiseptica and particularly streptococci have the
highest MIC and are therefore usually classified as
resistant. The minimum bactericidal concentration
(MBC) is another interesting pharmacodynamic
parameter. For bactericidal drugsit can be anticipated
that MIC and MBC should be similar, while it is
generally accepted that for bacteriostatic drugs MBC
will be several times higher than MIC. Fluoro-
quinolones kill bacteria most rapidly when their
concentrations are considerably above the MIC of
the targeted micro-organism.

Enrofloxacin should not be given to growing
animals as cartilage damage has been reported as a
potential side effect.

Penicillins and related B-lactam antibiotics

e Penicillins and cephalosporins are the most
commonly used agents in this group.

o The bactericidal effects are mediated by
preventing bacterial cell wall synthesis and
disrupting bacterial cell wall integrity. B-lactams
bind to a series of enzymes involved in the final
stages of cell wall synthesis. This leads to the
formation of defective cell walls that are
osmotically unstable and cell death usually
results from lysis.

e The physical and chemical properties, especially
solubility, of penicillins are related to the
structure of the acyl side chain and the cations
used to form salts.

e Hydrolysis is the main cause of penicillin
degradation and can take place in the syringe
when penicillin is mixed with another drug.

e Sodium or potassium penicillin salts suspended
in an inert oil prolong absorption of penicillin
from the site of injection for 18 hours.

 Incorporation of the poorly soluble procaine
penicillin in oil prolongs absorption for 24 hours
or more.



Benzathine penicillin G is a repository salt of
penicillin and absorption may be prolonged for
7 days or more.

High concentrations of these drugs are achieved
in kidneys, liver and lung,.

Penicillins do not penetrate the CNS unless there
is inflammation present.

Metabolites are inactive and are excreted in the
urine.

The cephalosporins are divided into four
generations.

Clavulanic acid augments the effects of B-lactam
antibiotics by protecting them from breakdown
by B-lactamases.

Aminoglycosides

These are produced from strains of Streptomyces
spp. and other bacteria.

They have excellent water, but poor lipid,
solubility and are thermodynamically stable over
a wide range of pH values and temperatures.
They are potentially nephrotoxic when given
systemically and ototoxic due to binding to
proximal tubules and inhibition of mitochondrial
function.

They function by irreversibly binding to bacterial
ribosomes and interfering with mRNA
translation.

Gentamicin, streptomycin and neomycin are the
most widely used agents in this group.

Sulphonamides

Susceptible organisms include:

many bacteria (although resistance is growing)
Coccidia

Chlamydia

protozoa, including Toxoplasma spp.

Sulphonamides are weak organic acids, relatively
insoluble in water and vary in the degree of binding
to plasma proteins. They tend to undergo crystalli-
sation in the urine and to minimise crystalluria; they
are often given in combination with each other.

Mode of action — they are antimetabolites,
interfering with normal production of RNA,
protein synthesis and microbial replication
mechanisms. They inhibit metabolism by
interfering with the production of folic acid and
are classed as bacteriostatic.

Indications — urinary, CNS, joint, respiratory,
prostatic infections. The drug is ineffective in the
presence of necrotic tissue.

Acetylation in the liver and lungs is the main
route of metabolism and the metabolites are
excreted by the kidneys.

The Treatment of Infections

Sulfasalazine (Salazopyrin) - is a useful therapy
for inflammatory bowel disease as one of its
metabolites has a local anti-inflammatory effect
in the colon. After oral administration, it is partly
absorbed in the small intestine, where it
undergoes enterohepatic circulation
(unmetabolised by the liver) and is excreted in
the urine. The majority of the drug (70%)
remains in the intestine where it is active against
the bacteria. The drug is composed of a
sulphonamide (sulfapyridine) bonded to a
5-aminosalycilic acid; these are split apart by
bacteria in the large intestine.

Potentiated sulphonamides — the combination
with other antimicrobial drugs (most commonly
trimethoprim) reduces the minimum inhibitory
concentration needed of both drugs and therefore
reduces side effects. Trimethoprim is a lipid-
soluble organic base that distributes to most
tissues of the body and concentrates in tissues
with a greater acidity than plasma, e.g. prostate.

Adverse drug reactions should be suspected in
any dog that develops new clinical signs or
problems associated with the recent
commencement of a new medication. They can
affect single or multiple body systems
simultaneously and therefore can mimic many
different disease processes. Members of the
sulphonamide group of antibiotics in particular
have been implicated as a cause of adverse drug
reactions in the dog with one survey reporting
82% of antibiotic reactions being due to
sulphonamides. Other findings include a 4%
incidence of lameness with their use and a
predisposition for Dobermanns to be affected
due to a difference in the metabolism of the drug
compared with other breeds. Sulphonamide
hypersensitivity is a type III hypersensitivity
reaction causing signs such as sterile
polyarthritis, blood disorders such as anaemia,
neutropenia and thrombocytopaenia.
Hepatopathy and glomerular disease have also
been reported. One of the potential problems
with therapy is that although the manufacturer’s
recommendations for maximum treatment is
often 21 days, treatment of chronic bacterial skin
conditions is often in excess of this. Usually there
is rapid resolution of clinical signs following
withdrawal of the drug.

Sulphonamides are no longer used in human
medicine for safety reasons; trimethoprim is still
commonly used however.

Oxytetracycline (tetracyclines)

This group includes tetracycline,
chlortetracycline, oxytetracycline and the
synthetic drug doxycycline.
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e The antimicrobial activity of the tetracyclines is
produced by binding to the ribosomes of
susceptible organisms and interfering with
bacterial protein synthesis in growing or
multiplying organisms.

e The drug easily chelates (i.e. it binds to divalent
ions such as calcium); this decreases its
absorption, especially when given with dairy
products, and therefore should not be given with
food. It also means that it concentrates well in
bone but will also be deposited in growing teeth,
causing potential discolouration.

e It is not metabolised in the body and 60% is
excreted in the urine with 40% excreted in the
faeces.

o Tetracyclines inhibit the growth of a wide variety
of bacteria, protozoa and many intracellular
organisms such as Mycoplasma, Chlamydia and
Rickettsia.

e The most common side effect is gastrointestinal
signs due to irritation of the stomach and the
upper small intestine where the bulk of the drug
is absorbed after oral administration.

Chloramphenicol

e Manufactured synthetically and has a broad
spectrum of activity.

¢ Inhibits protein synthesis by its action on the
ribosome and affects mammalian protein
synthesis similarly. This results in side effects
such as bone marrow suppression.

e It is metabolised by the liver.

e Inhibits cytochrome P-450 and therefore inhibits
the metabolism of other drugs, and prolongs
pentobarbital anaesthesia.

e Its use is strictly controlled in food-producing
animals. If chloramphenicol is used to treat
infections in food animals, it is possible that low
concentrations of chloramphenicol in milk, meat
and other edible tissues will cause aplastic
anaemia in susceptible individuals. Even though
the amount consumed may be small, the reaction
is not concentration dependent, thus there is a
public health risk for individuals consuming
these products.

Macrolide antibiotics

¢ Erythromyecin is the main example; other agents
that have found clinical applications include
tylosin and tilmicosin.

o They are weak bases that are poorly absorbed.

¢ Inhibit protein synthesis by binding to the
ribosome.

o They are mainly effective against Gram-positive
organismes.
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Fig. 8.1 Ribosomes moving along the mRNA-producing
proteins. Lincosamides stop this process by binding to the
ribosome.

o They are bacteriostatic at therapeutic
concentrations, but can be slowly bactericidal,
especially against streptococci.

e The antimicrobial action of erythromycin is
enhanced by a high pH, with the optimum
antibacterial effect at a pH of 8. Therefore, in an
acidic environment, such as in an abscess,
necrotic tissue or urine, the antibacterial activity
is suppressed.

Lincosamides

e There are two agents in this group: lincomycin
and clindamycin.

e Used primarily to treat Gram-positive infections
where there is resistance or intolerance to
penicillins.

¢ Inhibit protein synthesis by binding to the
ribosome (Fig. 8.1).

o They penetrate bone well and are indicated in
osteomyelitis and peridontitis.

e Toxic in small mammals, where they can trigger
a clostridial overgrowth.

Antibiotic resistance and the
prudent use of antibiotics

Therapeutic antibiotics are widely used and this
has resulted in the selection of resistant forms of
micro-organisms to antibiotics. The appearance of
multi-drug-resistant strains of bacteria (e.g. MRSA)
in human medicine has, in part, been attributed
to the use of drugs in food animal production and
has focused attention on the veterinary use of these
valuable medicines. Recent research has demon-
strated that the genes and biological mechanisms
that make hospital pathogens resistant are abundant
in ordinary soil bacteria which have never encoun-
tered some of the new semi-synthetic antibiotics.
This implies that many genes that turn ordinary
bacteria into antibiotic-resistant ‘super bugs’ may



come from the soil beneath our feet and not from
over-prescription of antibiotics. The prudent use of
antibiotics involves:

e accurate diagnosis

o effective levels of the appropriate product —
avoid sub-therapeutic doses which can lead to a
lack of efficacy and increase the risk of resistance

e only using products with established specific
effectiveness

e not treating uncomplicated viral infections

» not changing antibiotic therapy too rapidly,
assuming therapeutic failure prior to correcting
all contributing factors

e complying with label or written instructions —
insufficient duration of treatment can lead to
recrudescence of infection, increasing the
likelihood of selecting organisms with reduced
sensitivity. On the other hand, antibiotic use
should be stopped as soon as the animal’s own
host defence system can control the infection
itself — limiting the treatment will minimise the
exposure of the bacterial population to the
antibiotic and minimise the adverse effects on
the surviving bacteria.

e responsible farming practices: limiting disease
challenge, reducing stress, promoting the
development of a healthy immune system — the
use of antibiotics in farm animal medicine
should not be used to mask poor husbandry
practices.

Antifungals

Antifungal drugs can be used topically to treat skin,
mucous membrane or corneal infections caused by
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fungal organisms. Examples of common fungal

infections include: aspergillosis, Candida and micro-

sporum. Superficial fungal infections should be

treated by clipping the hair from affected areas

and clipping the nails to fully expose lesions before

application of the antifungal agent. The clinical

response to local preparations is unpredictable. Re-

sistance is common to many of the available drugs

and spread of infection adds to the difficulty of

controlling superficial infections. Perseverance is

often an essential element of therapy. Some topical

antifungal agents that have been used with success

include:

e iodine preparations: tincture of iodine,
potassium iodide

e copper preparations: copper sulphate

e sulphur preparations: monosulfiram

e phenols: thymol

e fatty acids and salts: propionates

e organic acids: benzoic acid, salicylic acid

e dyes: crystal (gentian) violet, carbol fuschin

e nitrofurans: nitrofuroxine

¢ imidazoles: miconazole, clotrimazole, econazole,
thiabendazole

e polyene antibiotics: amphotericin B, nystatin,
candicidin

e miscellaneous: tolnaftate, hexetidine, triacetin,
chlorhexidine.

Figure 8.2 shows the sites of action of the antifungal

drugs.

Griseofulvin

Griseofulvin is a systemic antifungal agent effec-
tive against the common dermatophytes. It works
by distorting the hyphae of the fungus and hence

@ cellwall

@Sites of synthesis

Fig. 8.2 Sites of action

@ Metal chelators and | of antifungal drugs

metabolic inhibitors

of macromolecules

@ Cytoplasmic membrane

@ Nucleic acid
synthesis

@ Nuclear division
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is fungistatic rather than fungicidal. Its absorption
from the gut is variable and is enhanced by high-fat
meals, margarine and propylene glycol because of
its low water solubility. The new growth of hair,
nail and horn is free from fungal infection, but the
infection persists in old hair until it is naturally shed.
This means long courses of up to 6 weeks are recom-
mended, combined with regular clipping of hair and
disinfection of grooming equipment. Griseofulvin
is contraindicated in pregnant animals because it is
teratogenic; otherwise it has good selective toxicity
as it is preferentially taken up by susceptible fungi
rather than by mammalian cells.

Method of action — disrupts the mitotic spindle by
interacting with the microtubules, stopping mitosis
in metaphase.

Metabolism — mainly in the liver at a rate approxi-
mately 6x faster in dogs than in humans, which is
the reason why the dose rate is much higher.

Amphotericin B

This agent is a polyene fungicidal antibiotic used to
treat serious systemic mycoses, fungal septicaemia
or fungal urinary tract infections. It is also a useful
treatment for leishmaniasis. Amphotericin is highly
plasma protein bound and penetrates into body
fluids and tissues relatively poorly. It acts by binding
to sterols in cell membranes, thereby impairing cell
membrane permeability — this allows the leakage
of cell electrolytes, resulting in cell death.

The chemical structure of the drug is of a large
macrolide lactose ring, one side of which is hydro-
phobic and the other side is hydrophilic, resulting in
an amphipathic molecule. Once diluted in water, the
drug is present in three forms: as soluble monomers
(the active drug), soluble oligomers and insoluble
aggregates (this last form is the most toxic). Ampho-
tericin B is known for its nephrotoxicity, due to renal
vasoconstriction, direct tubular damage and reduced
glomerular filtration rate. One way to reduce its
toxicity is to encapsulate the drug in liposomes or to
dilute it in a solution of soya bean oil.

Azole antifungal drugs -
imidazoles and triazoles

These are broad-spectrum antifungals including;:
o clotrimazole

e miconazole

o ketoconazole
o fluconazole

e itraconazole
e enilconazole.

Mode of action — inhibit synthesis of primary steroid
of the fungal cell membrane, ergosterol. They are
fungistatic at therapeutic doses.

Ketoconazole is highly protein bound (> 98%)
and therefore does not penetrate into the CSF
seminal or ocular fluid to a significant degree but
does enter mother’s milk. It is metabolised in the
liver and excreted in the bile. It is only soluble in
acid aqueous environments (pH < 3) and therefore
antacids decrease oral absorption. The main adverse
effects are nausea and vomiting. Drug interactions
are common because ketoconazole inhibits metab-
olism of other drugs due to being an inhibitor of
cytochrome P-450.

Fluconazole (Diflucan) — replacing the imidazole
ring with a triazole ring increases activity of the
compound by 4x. Due to different solubility charac-
teristics, it is well absorbed regardless of the feeding
circumstances. Unlike other members of this group,
it is not highly protein bound, which allows it to
be well distributed around the body. Due to its
polarity, low molecular weight and metabolic stabil-
ity, fluconazole is eliminated mainly by the kidney.
A unique feature is that it is the only azole that is
water soluble and excreted in the urine in an active
form, making it suitable for treating fungal cystitis.
It is a human preparation, commonly used for the
treatment of thrush infections (candidiasis).

Enilconazole (Imaverol) has a residual effect after
application.

Terbinafine (Lamisil)

This is a highly fungicidal drug which decreases
synthesis of ergosterol and results in fungal death
from disruption of the cell membrane. It is highly
lipophilic and therefore accumulates in the stratum
corneum, hair follicles and sebum-rich skin and
nails. It is a human preparation.

Antivirals

Vaccination has always been the approach to con-
trolling virus-induced diseases, but there are many
where this is not possible. This may be due to either
the vaccine inducing the disease, as in feline infec-
tious peritonitis, or because the virus mutates too
quickly for the vaccine to give protection. It is
not easy, however, to find drugs that can impair the
virus without damaging the host. This is because
viruses are obligate intracellular parasites and use
the host’s genetic machinery to produce new virus.
Damaging this process effectively without causing
harm to the host is difficult — this is known as
poor selective toxicity. Other complications include



the infrequency with which definitive diagnosis is
made attributing a disease to a virus. The antivirals
are best grouped depending on which stage in viral
replication they have their action.

Transcription

Idoxuridine and trifluridine incorporate themselves
into viral and mammalian DNA strands, making
them more susceptible to breakage. They are used
topically in herpes keratitis. Toxic side effects include
leucopaenia and hepatotoxicity.

Cytarabine and vidarabine are analogues of the
nuclear bases cytosine and adenine respectively.
Figure 8.3 shows the movement of a polymerase
along a strand of DNA. These drugs competitively
inhibit the DNA polymerase but have side effects
including gastrointestinal, neurological and haema-
tological toxicities.

Ribavirin is a purine analogue that inhibits a wide
range of RNA and DNA viruses and its strongest
activity is against RN A respiratory viruses (influenza
A and B). It has several sites of action including
inhibiting synthesis of guanine nucleotides. It can be
given orally, i.v. and by aerosol — which produces the
best results with the minimum side effects.

Acyclovir (Zovirax) and ganciclovir are only effec-
tive against herpes virus. Acyclovir has a good selec-
tive toxicity and a high therapeutic index and is
available as a topical, oral and i.v. preparation. It is
minimally metabolised with > 70% excreted in the
urine. The mode of action is to selectively inhibit
the viral DNA polymerase and to incorporate them-
selves into the viral DN A strands causing termination
of elongation.

Zidovudine (AZT) is a thymidine analogue which
has been extensively used to control HIV infection.
It is phosphorylated by cellular enzymes which
then inhibit viral reverse transcriptase (an enzyme
important in the replication of DNA) 100x more than
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it inhibits the mammalian enzyme, therefore making
the drug selective in its actions and ensuring a low
mammalian toxicity. It has been used in cats to treat
feline immunodeficiency virus (FIV), an incurable
disease that is spread mainly through bites. The host
remains asymptomatic for months to years before
secondary infections cause illness. AZT produces at
least temporary alleviation of clinical signs in some
animals within 10-14 days of commencing treat-
ment and should extend the life of FIV-infected cats.
The drug has also shown promise in the treatment
of FeLV.

Assembly

Amantadine and rimantidine are water-soluble
cyclic amines with antiviral activity against a narrow
range of RNA viruses, including influenza A. They
inhibit late-stage assembly of the virus.

Host resistance through interferon
production

Interferons are substances produced by the body
to protect against viral infection. They inhibit the
replication of a wide variety of viruses including
togaviruses, reoviruses and paramyxoviruses. Inter-
ferons can establish an antiviral state in host cells
and seem to modulate the immune system of the
host as well as possessing anti-cancer properties.
Three classes of interferons exist — alpha, beta and
gamma, with the last being produced solely by T
lymphocytes. Interferons affect RNA and DNA viral
replication at various stages of the viral replication
cycle. Being peptides, they are inactivated if given
orally and must be administered parenterally.
Penetration into CSF, brain and eye is poor. Therapy
is useful in many viral diseases and has been licensed
for the treatment of FeLV and parvovirus infection.

Template strand

Rewinding

—
Movement of polymerase

New strand produced

Fig. 8.3 Movement of polymerase
along a strand of DNA

Unwinding

Polymerase
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Anthelmintics/antiparasitics

The chemical control of ectoparasiticides can be
grouped as follows:
Organochlorines, e.g. DDT, lindane. Long
duration of action. Toxicity shows as CNS
stimulation.

Organophosphates, e.g. diazinon, dichlofenthion,
malathion. Persist in the coat for long periods.
Some act systemically when given parenterally
or orally but blood levels are only maintained
for 24 hours. They are cholinesterase inhibitors
and toxicity shows as salivation, dyspnoea,
ataxia and muscle tremors.

Synthetic pyrethroids, e.g. deltamethrin,
permethrin. They have a good repellent effect
as they persist well on the coat or skin. They act
as neurotoxins on the sensory and motor
nerves of the neuroendocrine system and CNS
of insects. They are all lipophilic and this
means they act as contact insecticides. They
have a high margin of safety.

Carbamates — mode of action similar to
organophosphates.

Avermectins, e.g. ivermectin. They have a
marked residual effect and a single treatment is
still effective 3—4 weeks after application.

The move away from a reliance on organophosphate
compounds for the control of ectoparasites has been
prompted by an increase in the resistance to these
products, as well as growing fears about the health
risks to humans. A number of new products have
made their appearance during the last 10-15 years.
Fipronil (Frontline) is an effective adulticide against
fleas, as is selamectin (Stronghold), which also kills
adult sarcoptes, the mite responsible for “fox mange’.
Lufenuron (Program) and pyriproxyfen (Cyclio) are
insect growth regulators and are widely used to
control fleas in the environment. Both systemic
and topical preparations are available but orally
administered products have several advantages. For
example, they reduce the exposure of the pet owners
and the environment to the insecticides, their efficacy
is not influenced by external factors such as rain,
sunlight or animal behaviour and they make it easy
to avoid over- or under-dosing, incomplete coverage
or contamination of sensitive body parts like the
eyes.

Fipronil

Fipronil is a synthetic molecule that has potent
insecticidal and acaricidal properties. It belongs to
the phenylpyrazole family and acts as an antagonist
at the insect gamma-aminobutyric acid (GABA)

receptor. In insects, GABA is a neurotransmitter
that acts as the major inhibitor in the central nervous
system and at the neuromuscular junction. Fipronil
kills adult fleas by binding to a site within the
chloride channel of their GABA receptors and inhi-
biting the GABA-regulated chloride influx into their
nerve cells. Treatment with 10% fipronil solution has
been shown to be effective not only in controlling
fleas on animals, but also in significantly reducing
the environmental burden. Three-monthly applica-
tions of fipronil results in a reduction in flea burden
by 96.5% and the flea numbers in the environ-
ment were reduced by 98.6% without the use of
an adulticide or insect growth regulator in the
environment.

Avermectins and milbemycin

Avermectins and milbemycins are closely related
macrocyclic lactones produced through fermenta-
tion by soil-dwelling actinomycetes. They are active
against both internal and external parasites and are
therefore called endectocides. Box 8.1 shows the
parasites these drugs are effective against and those
where the drugs have no activity.

Mode of action — they interact with chloride
channels resulting in interference with synaptic
transmission and paralysis and death in nematode
and arthropod species. Ivermectin additionally
stimulates the presynaptic release of GABA and in-
creases its binding to postsynaptic receptors. These
agents do not have activity against cestodes and
trematodes because they do not use GABA as a
neurotransmitter.

» Ivermectin — off label use of injectable ivermectin
has been successful in cats and non-sensitive
dogs for the control of sarcoptic and notoedric
mange, Cheyletiella and Otodectes infestation.
Doses necessary to kill parasites are toxic to
certain genetic lines of collies.

e Mibemycin oxime — used once weekly for
3 weeks to control sarcoptic mange, even in
sensitive dogs. One study showed better results

Activity of the avermectins

o Susceptible parasites
— Nematodes
— Arthropods

» Resistant parasites
— Cestodes
— Trematodes
— Protozoa



from oral alternative day therapy at 1 mg/kg for
10-14 days. Also effective against Cheyletiella,
nasal mite infestation and generalised
demodicosis. Side effects include transient
vomiting and neurological signs.

e Moxidectin — oral doses of 0.4 mg/kg twice,
every 15 days is effective against sarcoptic
mange; daily administration is effective at this
dose against generalised demodicosis.

e Doramectin — treats notoedric mange in cats.

e Selamectin — effective against Cheyletiella and
notoedric mange.

In dogs, ivermectin has a half life of 1.8 days when
administered i.v. When given orally it is rapidly
absorbed, reaching peak plasma levels in 3—4 hours.
In cats orally administered ivermectin is eliminated
from plasma in 5 days with peak levels at 5.5 hours.
When administered s.c. the non-aqueous bovine
ivermectin formulation has a delayed peak action
of 2 days and a prolonged half-life of 1 week, with
persistence of therapeutic levels for up to 2 weeks.

Selamectin is licensed for topical use in dogs
and cats and is absorbed percutaneously within a
few hours, reaching peak plasma concentrations
in 1-3 days. It has been shown to accumulate in
the sebaceous glands. The plasma half-life is 8 days
in the cat and 11 days in the dog, with efficacious
plasma concentrations for 30 days. The main route
of elimination is via the faeces (48—60% in cats and
18-20% in dogs), the rest being eliminated via the
urine (1-3%) and cutaneous sebum.

Toxicity is low because mammals are less sensi-
tive than parasites to these agents. This is because
GABA-mediated nerve synapses are present only
in the central nervous system and the drugs do not
easily cross the blood-brain barrier, whereas in
many invertebrates they regulate peripheral muscle
activity. At high doses, toxicity shows as ataxia,
tremors, mydriasis, depression, coma and death.
Dog breeds sensitive to ivermectin include:

e Collies

e Australian Shepherd dog

Table 8.1 Endoparasiticides and their range of action

Droncit (Bayer) Praziquantel

Drontal plus (Bayer)

Febantel
Lopatol (Ciba) Nitroscanate
Panacur (Hoechst) Fenbendazole

Canovel
Endorid (Smithkline Beecham)

Piperazine

Praziquantel, Pyrantel embonate,
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¢ Old English Sheepdog
e Shetland Sheepdog.

This sensitivity does not occur in every animal, but
in about half of them, due to a recessive autosomal
gene that allows penetration of the drug across the
blood-brain barrier.

Amitraz (Aludex)

This agent is used to treat generalised mite infesta-
tions including demodicosis, sarcoptic mange and
cheyletiellosis (unlicensed use). It increases neuronal
activity through its action on octopamine receptor
sites in mites.

Endoparasiticides

Endoparasiticides are drugs used to treat helminth
infestations, mainly nematode (roundworm) and
cestode (tapeworm) infections. Each drug has its
own indications and side effects. Some of the
products currently available are listed in Table 8.1
together with an outline of their range of action.

Anthelmintics must be selectively toxic to the
parasite. Thisisusually achieved by inherent pharma-
cokinetic properties of the compound, which cause
the parasite to be exposed to higher concentrations
of the drug than the host cells, or inhibiting metabolic
processes vital to the parasite. Parasitic helminths
must maintain an appropriate feeding site, and
nematodes and trematodes must actively ingest and
move food through their digestive tracts to main-
tain an appropriate energy state, which requires
appropriate neuromuscular coordination. The phar-
macological basis of the treatment for helminths
generally involves interference with one or both of
these energy processes, causing starvation of the
parasite, or paralysis and subsequent expulsion of
the parasite.

Tapeworms

Tapeworms, roundworms

Tapeworms, roundworms
Tapeworms (not Dipylidium), roundworms

Roundworms
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Fenbendazole (Panacur)

This popular wormer belongs to the benzimidazole

family of safe, broad-spectrum anthelmintics which

also includes albendazole and mebendazole.

o It comes as a white crystalline powder and is
insoluble in water, which means it is poorly
absorbed from the gut.

e Peak plasma levels take 6-30 hours after dosing
and are never greater than 1% of the dose
regardless of the type administered (paste,
suspension, granules or bolus).

e It acts by binding to nematode tubulin which
prevents the formation of many organelles and
the processes of mitosis, protein assembly and
energy metabolism.

o Adverse effects are rare. Attempts to cause
poisoning in mice have been unsuccessful
because they can tolerate the maximum
quantities that can be physiologically given.
Necrosis of the ear tips is an uncommon
presentation that is usually associated with
vasculopathies, particularly immune-mediated
vasculitis, as the extremities are supplied by end-
arterial systems with a limited capacity to
develop a collateral supply. Causes of vascular
damage include vasculitis associated with
infections, neoplasia, vaccines and drug
eruptions. Fenbendazole has been reported to
cause ischaemic pinnal necrosis.

Febantel (Drontal Plus)

This agent belongs to the probenzimidazole family
and is converted in the GI tract to fenbendazole. Its
effects are seen in the larvae in eggs as well as in the
different stages of the helminths.

Levamisole

This agent stimulates nicotinic acetylcholine recep-
tors (nACh) and causes muscular paralysis by inter-
fering with carbohydrate metabolism. It paralyses
the worm and allows it to be expelled. Signs of
toxicity include:

* salivation

o defecation

e respiratory distress.

Pyrantel (Drontal Cat)

This broad-spectrum anthelmintic belongs to the
tetrahydropyrimidine family and is well absorbed
after oral administration. It is a depolarising neuro-
muscular blocking agent which produces paralysis

of the worms by producing contracture of the muscu-
lature similar to acetylcholine (ACh). The drug is
free of adverse effects in all hosts at doses of up to
7x the therapeutic dose.

Piperazine

This agent belongs to the heterocyclic compound
group which also includes phenothiazine. It is a
diethylenediamine with a simple ring structure that
is freely soluble in water and glycerol, less soluble
in alcohol and insoluble in ether. It is a strong base
and easily absorbs water and carbon dioxide, there-
fore containers should be closed tightly and protected
from light. It is also very sensitive to moisture, but
can be made more stable by the addition of salts
such as hydrochloride and phosphate. It is readily
absorbed from the proximal GI tract, some of the
drug is metabolised in the tissues and the remainder
is excreted in urine as early as 30 minutes after
administration. Urinary excretion is complete within
24 hours.

The mode of action is blockage of transmission
at the neuromuscular junction, producing flaccid
paralysis of the parasite. Mature worms are more
susceptible than lumen-dwelling larvae and so treat-
ment in carnivores is advised to be repeated within
2 weeks.

Very young pups (from 2 weeks old) can be safely
treated and there is a wide margin of safety. Large
oral doses produce vomiting, diarrhoea, incoordina-
tion and head pressing in dogs and cats. It is effective
against ascarids (Toxocara canis, T. cati and Toxascaris
leoninae).

Organophosphate compounds

Examples are shown in Box 8.2. Their main effect
on nematode parasites is inhibition of acetylcholine-
sterase (AChE) leading to interference with neuro-
muscular transmission and subsequent paralysis.
Nematodes utilise ACh as a neurotransmitter and
AChE stops transmission by breaking down ACh.

Organophosphate compounds

* Dichlorvos

e Trichlofon

e Haloxon

o Coumaphos

¢ Naphthalophos
o Crufomate



Inhibition of this enzyme thus leads to persistence
of the nervous impulses and coordinated feeding
ceases. Animals should notbe treated simultaneously
(or within a few days) with other AChE-inhibiting
drugs or certain sedatives, e.g. acepromazine. The
margin of safety of the organophosphates is less than
the broad-spectrum anthelmintics and strict attention
to dosage is essential.

Other parasiticides

Leishmaniasis therapy

Amphotericin B is described above. Alternative
treatments include the combination of the penta-
valent antimony compound meglumine antimoniate
(Glucantime; Merial) administered s.c. daily and
the pyrazolopyrimidine allopurinol (Zyloric; Glaxo-
Wellcome), which is given orally once or twice daily
for the duration of the Glucantime treatment. Allo-
purinol can then be given alone for up to 9 months
afterwards to reduce the likelihood of relapse. Pain
and local swelling may occur following injection of
meglumine antimoniate. Zyloric inhibits growth of
the parasites by blocking RNA synthesis and extends
survival time to up to 4 years in 75% of cases.

Heartworm adulticides

Adult stages of Dirofilaria immitis cause the major

damage associated with heartworm infection in

dogs. Removal of adults is the key stage in therapy,
but complete management involves elimination
of microfilariae and prevention of new infections.

Effective adulticides include:

o Thiacetarsamide sodium — a hepatotoxic and
nephrotoxic arsenical agent, which must be
administered i.v. because it is irritating to the
tissues. Feeding the patient 1 hour prior to
treatment is recommended and treatment should
be stopped if the dog becomes anorexic or
vomits. Arsenic toxicity is seen as persistent
vomiting, icterus and orange-coloured urine.
Severe toxic reactions can be treated with
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dimercaprol (8.8 mg/kg/d in 4 divided doses).
Following four therapeutic injections of
thiacetarsamide, adult worms die within 5-7
days and are swept out of the heart and lodge in
pulmonary arteries where they are reabsorbed
over the next 2-3 months. Dogs should be
strictly rested to reduce the risks of pulmonary
embolism for 6 weeks after treatment.

Melarsomine - this agent is also an arsenical
with activity against adult and 4-month-old
heartworms in dogs. It is injected i.m. and a
single, two-dose course kills all male worms and
96% of females. If clinical signs persist, the dose
may be repeated after 90-120 days when 98% of
dogs will be cleared of the infection. Melarsomine
and its metabolites are free in the plasma, unlike
thiacetarsamide, which binds to red blood cells.
Over-dosage is seen as distress, salivation,
tachycardia, abdominal pain, coma and death in
severe cases.

Selamectin — used to prevent heartworm. The
drug should be administered within one month
of first exposure to mosquitoes and the last dose
must be given within one month of the last
exposure.

Resistance to nematocides

Resistance appears when drugs are used
intensively against parasites, which have a good
ability to survive in the host and where the host
develops little acquired immunity.

Nematodes develop cross-resistance to a mode
of activity rather than a specific compound and
so the entire family of drugs is at risk.

Once use of the anthelmintic class stops,
reversion back to sensitivity is slow.

Drugs should be rotated and the frequency of
treatment considered. Optimal impact from
minimum number of treatments is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>