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‘And | will use regimens for the bepefit of the il in accordance with my ability and my judgement!
Hippocrates' Oath

“They used to have a maore equitable contract in {ancient} Egypt: for the first three days, the doctor took on the
patient ai the patient's risk and peril: when the three days were wp, the risks and perils were the doctor's.
Bat doctors are lucky: the sun shines an their successes and the earth hides their failures!

Michael de Montaigne 1533-92

‘Mature is not only odder than we think, but it is odder than we can think!
J B S Haldane 18931264

‘Morals do not forbid making experiments on one’s nelghbour or on one's self ... among the experiments
that may be tried on man, those that can only harm are forbidden, those that are innocent are permissible,
and these that may do good are obligatory; 'Men who have excessive faith in their theories or ideas are not
only ill prepared for making discoveries; they make very poor observations . they can see in [their] resulis
only a confirmation of their theory ... This is what made us say that we must never make experiments to
confirm our ideas, but simply 1o control them!

‘Medicine is destined 1o pet away from empiricism little by ftle; like all other sciences, it will get away by the
scientific method !

‘Considered in itself, the experimental method is nothing but reasoning by whose help we methodically sub-
mit our ideas (o experience - the experience of facts!
Claude Bernard 1865

‘I do not want two diseases - one nature-made; one doctor-made!
Napoleon Bonaparte 1820

“The ingenuity of man has ever been fond of exerting itself to varied forms and combinations of medicines!
William Withering 1785

‘Al things are poisons and there is nothing that is harmiess, the dose alone decides that something is no
poison

Paracelsus 1493-1541
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Knowledge and best practice in this field are constantly
changing. As new research and experience broaden our
knowledge, changes In practice, trestment and drug ther-
apy may become necessary of appropriale. Readers are
advised 10 check the most current information provided
(i) on procedures featuned or (i) by the manufacturer

of each produdt 1o be administered, 1o verify the recom-
menided dose or formula, the method and duration of ad-
mil nisteathon, and contrindications, 1t s the responsibili-
1y ol the practitiones, relying on their own experience and
knowledge of the patient, 10 make diagnoses. 10 deter-
mine dosages and the best treatment for each individual
patient. and 1o tike all appropriste safety precautions. To
the fullest extent of the Law, neither the Publisher nor the
Editors/ Authors assume any liability for any injury andjor
damage to persons of property arising oul or related to
any us of the material comained in this book,
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For your own satisfaction and for mine, please
read this preface!!

A preface should tell the prospective reader about
the subject of a book, its purpose, and its plan. This
book iz abowt the scientific basis and praciice of
drug therapy. It addresses medical students and doc-
tors in particular, but also anyone concerned with
evidence-based drug therapy and prescribing.

The scope and rate of drug innovation increase,
Doctors now face a professional lifetime of handling
drugs that are new to themselves - drugs that do
new things as well as drugs that do old things better;
and dmgs that were familiar during medical training
become redundant.

We write not only for readers who, like us, have
a special interest in pharmacology, We Ly o make
pharmacology undesstandable for those whose pn-
mary interests lie elsewhere but who recognise that
they need some knowledge of pharmacology if they
are to meet their moral and legal ‘duty of care’ to
their patients, We are aware tog, of medical curric-
ular pressures that would reduce the time devoted
to teaching clinkcal pharmacology and therapeutics,
and such diminution is surely a misguided policy
for a subject that is so integral to the successful prac-
tice of medicine, Thus, we oy bo @l eaders what
they need to know without burdening them with
irrelevant information, and we iry 1o make the sub-
ject interesting. We are very serious, but seriousness
does not always demand wearying sclemnity

All who prescribe drugs would be wise 1o keep in
mind the changing and ever more exacting expecta-
tions of patients and of society in general. Doclors
whao prescribe casually or ignorantly now face not only
fereasing criticism but alse civil {or even criminal)
legal charges. The ability to handle new developments
depends, now more than ever, on comprehension of
the principles of pharmacology. These principles are
ot difficult g grasp and are not so many as to defieat
even the busiest dociors who take upon themselves

U5t Francis of Sales; Preface to frrediction do the devowd Jite
{ 1R09]

the responsibility of introdiscing manufactured medi-
cines into the bodies of their patients.

The principles of pharmacology and dmg ther-
apy appear in Chapters 1-8 and their applica-
tion appears in the subsequent specialist chapters,
which are offered as a reasonably briefl solution to
the problem of combining practical clinical utility
with an account of the principles on which clinical
practice rests.

The quantity of practical technical detail to include
s a matter of judgement, In peneral, where thera-
peutic practices are complex, potentially dangerous,
and commonly updated, eg. anaphylactic shock, we
provide more detail, together with websites for the
latest advice; we give less or even no detail on ther-
apy that specialists undertake, e.g. anticancer drugs.
Mevertheless, especially with modemn drugs thar are
unfamiliar, the prescrber should consult formu-
laries, approved guidelines, or the manufacturer's
current literalure

Lise of the book. Francis Bacon? wrote that ‘Some
ks are 1o be tasted, others 1o be swallowed, and
some few (o be chewed and digested. Perhaps ele-
mients of each activity can apply 1o pans of our 1ext.
Students are, or should be, concerned to understand
and 1o develop a rational, critical attitude to drug
therapy and they should therefore chiefly concern
themselves with how drugs act and interact in dis-
eage and with how evidence of therapeutic effect is
obtained and evaluated,

To this end., they should read selectively and
should not impede themselves by attempts to
memarise lists of alternative drugs and doses and
mianor diferences between them, which should
never be required of them in examinations, Thus,
wie do nol encumber the text with exhavstive Lists of
preparations, which properly belong in a formulary,
although it is hoped that enough bave been men-
tioned to cover much routine prescribing, and many
drugs have been included solely for identification,

* Francis Racon [1561-1626) Esspys | 1625 00 studics!

h |:-h'r_||:m1|.'|l1rr and sciendisl, Bacom introduced the idea
af the experimental or inductive method of ressoning for
inderstand ing matire,




PREFACE

Comyrighted Material

The role and status of a textbook. A useful guide
to drug use must offer clear conclusions and advice,
If it is o be of reasonable size, it may often omit
alternative acceptable courses of action. What it rec-
ommends should rest on sound evidence, where
this exists, and on an assessment of the opinions of
the experienced where it does not,

Increazsingly, guidelines produced by specialist
societies and pational bodies have influenced the
selection of drugs. We provide or refer 1o these as
representing a consensus of best practice in particu-
lar situations. Similardy, we assume that the reader
possesses a formulary, local or national, that will
provide guidance on the availability, including
doses, of a broad range of drugs. Yet the practice of
medicinal therapeutics by properly educated and
conscientious doctors working in settings compli-
cated by intercurrent disease, metabolic differences
or personality, involves challenges beyond the ngid

adherence to published recommendations. The role
of a textbook is to provide the satisfaction of under-
standing the basis for a recommended course of
action and to achieve an optimal result by informed
selection and use of drugs,

The guide to further reading at the end of each
chapter comprises references o original papers,
review articles, and web sources from a range of
Englizh language journals, mostly general but some
more specialised. Our intent is to enable the reader
to gain access to the original literature, to informed
opinion, and 0 provide interest and sometines
amusement. We urge readers to select a title that
looks interesting and to read the amicle, We do not
attempt to document all of the statements we make,
which would be impossible in a book of this size.

Bath, Cambridge P.N.B., M.]LB.
2007
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It is ot possible for two individuals to cover the
whaole field of drug therapy from their own kniowl-
edge and experience. As with the previous edition,
we invited selected experts to review chapters in
their specialty. They were given free rein to add.
delewe or amend existing wext as they deemed appro-
priate. We consider that the chapters have benefited
greatly from the proficiency of these individoals
and are deeply indebted for their contributions.
They are:

Nigel 5 Baber p5c FRCP FRCPED FFPM DipClinPharmacsl
Heead of Fenewals, Reclassification and Patient Safetly,
Medicines Control Agency, London, UK and Visiting
Professer, Oueen Mary and Westfield College,
Liniversity of London, London, LIK

Chapter 3, Drzcimeery einiel devsloprrent of digs
Chapter 4. Evaltuation of drugs in imans
Chapier 5, CMficial regquiation of medicines
Chapter &, Classification and naming of drugs

Mark Farrington Ma MB BChir FRCPath
Consultant Microbiologist, Addenbrooke's Hospital,
Cambridge, LTK

Chapter 11. Chemotherapy of infections

Chapier 12, Arttibacterial drugs

Chapler 13. Chemotherapy of bacterial infections
Chapter 14, Viral, fungal, pratozoal and helminthic

irfections

Frances Hall M4 BM BCh MRCP Dl
Consultant Rheumatologist, Department of Clinical

Medicine, Uiniversity of Cambridge, Cambridge, LK

Chapter 15. Dhruigs for inflammation and
rheunnrinlogical dispase
Thomas Ha Mo FRACP

Consultant Dermatologist, Addenbrooke’s Hospital,
Cambridge, 1K
Chapter 16, Drrecgs and the skin

Michael C Lee va s FRca

Specialist Registrar in Anaesthesia, Addenbrooke's
Hospital, Cambridge, UK

Contributors

Mark Abrahams ME ChE DA FRCA,

Consultant in Anaesthesia and Pain Management,
Addenbrooke's Hospital, Cambridge, LIK

Chapter 17, Pain ared aralyesics

Jerry Nolan rrca,

Consultant in Anaesthesia and Intensive Care, Roval
United Hospital, Rath, UK

Chamer 15, Araisitiesia and neurmmuscular block

Simon J C Davies MAiOxon) MBRS{Lond) MRCPsych
Clinical Research  Fellow, University of Bristol,
Rristol, LIK

Sue Wilson rrD
Research Fellow, University of Bristel, Bristol, UK

David J Nutt ME BChir MA DM FRCP FRCPsych FMedSel

Professor of Psychopharmacology, Head of the

Department of Clinical Medicine, Dean of Clinical

Medicine  and Dentistry,  University of  Brastol,

Rristol, LIK

Chapler 19, Peychotropic dinigs

Pankaj Sharma v PhD

Consultant Meurologist & Senior Lecturer, Hammer-

smith Hoapitals & Imperial College

Chapler 20. Epilepsy, parkirsorism and allied
Cerditioges

Kevin M O'Shaughnassy MA BM BCh DPhil FACP
Llniversity Lecturer in Clinical Pharmacology and
Honorary Consultant  Physician, Addenbrooke’s
Hospital, Cambridge, UK

Chapter 21. Cholinergic and antimuscarinic
(areicholiergic ) mecharisms and
edrigs

Chapter 22, Adrenergic mechamnisms and drugs

CHupier 23, Arterial hypertension, argina pecinis,
nryocardial infarction

Chaper 25, Hypertipidaernias

Chapter 26. Kidney and genitougrinary tract

Chapler 27, Respiratory sysiem




Comyrighted Material

CONTRIBUTORS
Andrew Grace #hD FRCP FACT Diana C Brown MD Msc FRCP
Consuliant  Cardiologist, Papworth Hospital,  Consultant Endocrinologist, Cromwell Hospital,
Cambridge, UK London, LIK
Chapter 24, Cardise arvhythmia and failure Chapier 34, Adrenal corticosteroids. antagomists,
Cortacoirogin

Trevor Baglin ma Mg Pho FRCP FRCPath Chapter 35, Diabetes mellitus, insulin, oral
Consultanmt Haematologist, Addenbrooke’s Hospital, antuliabetes agents, obesity
Cambridge, UK Chaprer 16, Thyroid hormones, antithyrod drugs
Chapier 28, Drviags anad harmostasis

Diana C Brown MD M FRCP

Charles R J Singer 85 MB ChB FRCP FRCPath
Consultant Haematologist, Royal United Hospital,
Bath, LIK
Chapier 29, Cellubar disorders and anaemias
Pippa G Corrie pho, Frce

Consultant and  Associate Lecturer in  Medical
Oncology, Addenbrooke’s Haspital and University
of Cambridge, Cambridge, UK

Charles R J Singer 55 M Chi ERCP FRCPath
Consultant Haematologist, Royal United Hospital,
Bath, UK

Chapter 340, Meoplasta disense amd
LT T T e i o]
Michael Davis vo rpce

Consultam Gastroenterologist, Royal United Hospital,
Bath, LIK

Chapter 31, Oesophagus, stomach and dusdenum
Chapter 32. Imtentirnes
Chapter 33, Liver, biliury tracl, pancreas

Consultant  Endocrinologist, Cromwell Hospital,
London, LIK

Gerard S Conway Mi 85 MD FRCP
Consultant  Endocrinologist,
Hospital, London, LIK

Liniversity College

Chapter 37, Hypothalawmide, pinuitary and sex
harmaenes
Dlana C Brown M0 M5 FROP

Consultant Endocrinologist, Cromwell Hospital,
Londin, LIK

Chrysothemis € M Brown ks sa s
House Officer, Royal Free Hospital, London, UK
Chapter 38, Vitaming, calcium, bone
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Aditionally, we express our gratitude 1o others who
have, with such good grace, given us their time
amdl energy 1o supply valuable facts and opinions for
this and previous editions; they principally include:
Dr E S K Assermn, Dr N B Bennett, Dr Noeleen Foley,
[r Sheila Gore, Prafessor | Guillebaud, T P Jacksomn,
Professor [ H Jenkinsen, Dr H Ludlam, Professor
| Maddison, Dr PT Macgee, DrN | McHugh, DN |
Minewr, the late Professor Sir William Paton, Professor
B M C Prichard, Dr | P D Reckless, Dr Catriona Reid,
Dr Andrew Souter, Professor P L Weissberg,

[irug doses were eviewed by Joy Craine MEPS
and references by Anderley Askham librarian.
Other acknowledpements appear in the appropriate
places.

Much of any merit this ook may have is due
1o the penerosity of those named above as well as
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I addition, we thank the authors and publish-
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Section 1 GENERAL

1 Clinical pharmacology

SYNOPSIS
Clinical pharmacology comprises all aspects of the scientific study of drugs in humans. Its
objective is to optimise drug therapy and it is justified in so far as it is put to practical use.

Over the centuries humans have sought relief from discomfort in 'remedies' concocted from parts of plants, animals
and other sources; numerous formularies attest to their numbers and complexity. Then a more critical view emerged,
recognising the need for proper investigation of medications. In 1690, John Locke' was moved to write '... we should
be able to tell beforehand that rhubarb will purge, hemlock kill, and opium make a man sleep ...".

The early years of the 20th century saw the use of specific chemical substances to achieve particular biological
effects, i.e. the exact science of drug action, which is pharmacology. Subsequently the discipline underwent a major
expansion resulting from technology that allowed the understanding of molecular action and the capacity to exploit
this. The potential consequences for drug therapy are enormous. All cellular mechanisms (normal and pathological), in
their immense complexity are, in principle, identifiable. What seems almost an infinity of substances, transmitters,
local hormones, cell growth factors, can be made, modified and tested to provide agonists, partial agonists, inverse
agonists and antagonists. And the unravelling of the human genome opens the way for interference with disease
processes in ways that were never thought possible.

Increasingly large numbers of substances will deserve to be investigated and used for altering physiology to the
advantage of humans. And with all these developments and their potential for good, comes capacity for harm, whether
inherent in the substances or as a result of human misapplication. Successful use of the power conferred (by
biotechnology in particular) requires understanding of the growing evidence base of the true consequences of
interference. The temporary celebrity of new drugs is not a new phenomenon. Jean Nicholas Corvisart (Emperor
Napoleon's favourite physician) reputedly expressed the issue in the dictum: 'Here is a new remedy; take it fast, as
long as it still works'.

Clinical pharmacology provides the scientific basis for:

e the general aspects of rational, safe and effective drug therapy
e drug therapy of individual diseases
o the safe introduction of new medicines.

The drug and information 'explosion’ of the past six decades combined with medical need has called into being a new
discipline, clinical pharmacologyz. The discipline finds recognition as both a healthcare and an academic specialty;
indeed, no medical school can be considered complete without a department or sub-department of Clinical
Pharmacology.

A signal pioneer was Harry Gold® (1899-1972) of Cornell University, USA, whose influential studies in the 1930s
showed the qualities needed to be a clinical pharmacologist. In 1952, he wrote in a seminal article:

... a special kind of investigator is required, one whose training has equipped him not only with the principles and
technics of laboratory pharmacology but also with knowledge of clinical medicine ...

Clinical scientists of all kinds do not differ fundamentally from other biologists; they are set apart only to the extent that
there are special difficulties and limitations, ethical and practical, in seeking knowledge from man.*

Willingness to learn the principles of pharmacology, and how to apply them in individual circumstances of infinite
variety is vital to success without harm: to maximise benefit and minimise risk. All of these issues are the concern of
clinical pharmacology and are the subject of this book.

More detailed aspects comprise:

1. Pharmacology
o Pharmacodynamics: how drugs, alone and in combination, affect the body (young, old, well, sick).
o Pharmacokinetics: absorption, distribution, metabolism, excretion or, how the body, well or sick,
affects drugs.



2. Therapeutic evaluation
0 Whether a drug is of value.
0 How it may best be used.
o0 Formal therapeutic trials.
o Surveillance studies for both efficacy and safety (adverse effects) - pharmacoepidemiology and
pharmacovigilance.
3. Control

o

Rational prescribing and formularies.

o Official regulation of medicines.

0 Social aspects of the use and misuse of medicines.
o Pharmacoeconomics.

Clinical pharmacology finds expression in concert with other clinical specialties. Therapeutic success with drugs is
becoming more and more dependent on the user having at least an outline understanding of both pharmacodynamics
and pharmacokinetics. This outline is quite simple and easy to acquire. However humane and caring doctors may be,
they cannot dispense with scientific skill. Knowledge of clinical pharmacology underpins decisions in therapeutics,
which is concerned with the prevention, suppression or cure of disease and, from the point of view of society, is the
most vital aspect of medicine.

Pharmacology is the same science whether it investigates animals or humans. The need for it grows rapidly as not
only scientists, but now the whole community, can see its promise of release from distress and premature death over
yet wider fields. The concomitant dangers of drugs (fetal deformities, adverse reactions, dependence) only add to the
need for the systematic and ethical application of science to drug development, evaluation, and use, i.e. clinical
pharmacology.

GUIDE TO FURTHER READING
Baber N S, Ritter J M, Aronson J K 2004 Medicines regulation and clinical pharmacology. British Journal of Clinical Pharmacology 58(6):569-570
(and other articles in this issue)

Brater D C, Daly W J 2000 Clinical pharmacology in the middle ages: principles that presage the 21st century. Clinical Pharmacology and
Therapeutics 67:447-450

Breckenridge A M 1999 Clinical pharmacology and drug regulation. British Journal of Clinical Pharmacology 47:11-12

Dollery C T 2006 Clinical pharmacology - the first 75 years and a view of the future. British Journal of Clinical Pharmacology 61:650-665
Laurence D R 1989 Ethics and law in clinical pharmacology. British Journal of Clinical Pharmacology 27:715-722

Rawlins M D 2005 Pharmacopolitics and deliberative democracy. Clinical Medicine 5:471-475

Reidenberg M M 1999 Clinical pharmacology: the scientific basis of therapeutics. Clinical Pharmacology and Therapeutics 66:2-8



2 Topics in drug therapy

SYNOPSIS
Drug therapy involves considerations beyond the strictly scientific pharmacological aspects of
medicines. These include numerous issues relating to prescribers themselves and to patients.

The therapeutic situation

Benefits and risks

Public view of drugs and prescribers
Physician-induced (iatrogenic) disease
Drug-induced injury

Complementary, alternative and traditional medicine
Placebo medicines

Prescribing, drug consumption and economics
Compliance - patient and doctor

Underdosing

Pharmaco-economics

Self-medication

Appendix: The prescription; weights and measures

THE THERAPEUTIC SITUATION

"The desire to take medicines is perhaps the greatest feature that distinguishes humans from
animals' (Sir William Osler, 1849-1919).

The use of drugs1 to increase human happiness by elimination or suppression of diseases and symptoms and to
improve the quality of life in other ways is a serious matter. Overall, the major benefits of modern drugs are on quality
of life (measured with difficulty), and exceed those on quantity of life (measured with ease).2 This chapter comprises a
series of essays on what we think are important topics.

Medicines are part of our way of life from birth, when we enter the world with the aid of drugs, to death where drugs
assist (most of) us to depart with minimal distress and perhaps even with a remnant of dignity. In between these
events, we use drugs to cure, suppress and prevent disease, and to regulate our fertility. We tend to take such usages
for granted. But the average person in the USA can expect to have about 12 years of bad health in an average
Iifespan.3 ﬁnd medicines play a major role in this. 'At any time, 40-50% of adults [UK] are taking a prescribed
medicine.'

EVOLUTION OF THERAPEUTICS

Readers of this book will become aware that the medicines now available to prescribers emanate from a long process
of evaluation (Chapters 3-6). The science of pharmacology provides the information base for the creation of new
drugs and the understanding of how they act, how unwanted and toxic effects occur, and how they are best used.
Increasingly, the disciplines of pharmacogenetics and pharmaco-genomics will provide the means to match individual
patients with drugs that give them best effect for least harm (Chapters 7-10). The general account of drugs (Chapters
11-38) and their use in a spectrum of conditions indicates the vast resource open to modern physicians. A picture
emerges of progressive appraisal (punctuated by learning from mistakes) within regulated systems to produce a large
number of medicines that meet set standards of safety and efficacy. The scenario is comparatively recent.

From the earliest times, alleviating effects of disease and trauma was a major concern of human beings. Records of
the ancient civilisations of Mesopotamia (now Iraq), India, China, Mexico and Egypt, from about 3000 bc, describe
practices of diagnosis and treatment predicated on differing, often complex, concepts of disease: the supernatural,
religious theories (sin, punishment of sin, uncleanliness), omens, deities and rites. Among many modes of therapy, a
reliance on diet and use of herbs (the Mexicans knew of 1200 medicinal plants) figured prominently.

The Greeks (approximately 500 bc to ad 500) replaced the supernatural with thinking that was rational, scientific and
naturalistic. The core concept of the Hippocratic corpus (collected contributions of many writers but attributed to
Hippocrates) was that health was an equilibrium, and disease a disequilibrium, of the four constituent fluids or
'humours' of the body. They comprised yellow bile and phlegm (exuded in illness), blood (associated with life) and
black bile (a later addition, possibly altered blood in vomit and excreta). These humours were in symmetry with four
fundamental qualities of nature - hot, wet, dry and cold - and gave rise to the system of allopathy, i.e. treating the first
condition (the disease) by producing a second condition that was antagonistic to it. An iliness involving yellow bile,
regarded as 'hot' and dry', thus required a 'cold' and 'wet' medication (cf. homoeopathy; see p. 16). Disease as a
disequilibrium of humours was correctable by evacuation techniques to re-establish the balance, and hence came



venesection, cathartics, sweating and emetics. The remarkable Galen of Pergamum (AD 130-201) propagated
Hippocratic principles so effectively that they dominated medical thinking to the Middle Ages and beyond. In effect,
medicine through this time was stagnant. Life was 'solitary, poor, nasty, brutish and short',” and medical care did little
to help.

The unravelling of the structure and later the function of the human body was part of the scientific resurgence of the
Renaissance. Amongst many discoveries, William Harvey (1578-1657) explained the circulation of the blood, and
Antoine Lavoisier (1743-1794) the crucial nature of oxygen. The human body, hitherto a mystery, appeared more like
a machine - that could experience faults. But faults were interpreted in various ways. William Cullen of Edinburgh
(1712-1790) evolved a system within which a 'nervous force' was the phenomenon underlying life and disease. His
pupil, John Brown (1735-1778), went further and revived an ancient belief that every disease resulted from sthenia
(over-stimulation) or asthenia (failure to respond to stimulation).6

It was only in the 19th century that medicine freed itself from a muddle of theories and systems. Microscopy revealed
the cell as the basic construction unit of the body, vague theories of disease gave way to specific entities with
recognisable pathology, most notably in the case of infection with microorganisms (‘germ theory'). The one major
dimension of medicine that remained underdeveloped was therapeutics. An abundance of preparations in
pharmacopoeias compared with a scarcity of genuinely effective therapies gave to a state of 'therapeutic nihilism',
expressed trenchantly by Oliver Wendell Holmes (1809-1894)7:

Throw out opium ...; throw out a few specifics ...; throw out wine, which is a food, and the vapours which produce the
miracle of anaesthesia, and | firmly believe that if the whole materia medica, as now used, could be sunk to the bottom
of the sea, it would be all the better for mankind, - and all the worse for the fishes

The 20th century saw this position alter beyond recognition (see before).

Drug therapy involves a great deal more than matching the name of the drug to the name of a
disease; it requires knowledge, judgement, skill and wisdom, but above all a sense of
responsibility.

TREATING PATIENTS WITH DRUGS

A book can provide knowledge and contribute to the formation of judgement, but it can do little to impart skill and
wisdom, which are the products of example of teachers and colleagues, of experience and of innate and acquired
capacities. But:

It is evident that patients are not treated in a vacuum and that they respond to a variety of subtle forces around them
in addition to the specific therapeutic agent.8

When a patient receives a drug, the response can be the resultant of numerous factors:

The pharmacodynamic effect of the drug and interactions with any other drugs the patient may be taking.
The pharmacokinetics of the drug and its modification in the individual by genetic influences, disease, other
drugs.

The act of medication, including the route of administration and the presence or absence of the doctor.
What the doctor has told the patient.

The patient's past experience of doctors.

The patient's estimate of what has been received and of what ought to happen as a result.

The social environment, e.g. whether it is supportive or dispiriting.

The relative importance of these factors varies according to circumstances. An unconscious patient with
meningococcal meningitis does not have a personal relationship with the doctor, but patients, sleepless with anxiety
because they cannot cope with their family responsibilities, may respond as much to the interaction of their own
personalities with that of the doctor, as to anxiolytics.

The physician may consciously use all of the factors listed above in therapeutic practice. But it is still not enough that
patients get better: it is essential to know why they do so. This is because potent drugs should be given only if their
pharmacodynamic effects are needed; many adverse reactions have been shown to be due to drugs that are not
needed, including some severe enough to cause hospital admission.

Drugs can do good

Medically, this good may sometimes seem trivial, as in the avoidance of a sleepless night in a noisy hotel or of social
embarrassment from a profusely running nose due to seasonal pollen allergy (hay fever). Such benefits are not
necessarily trivial to recipients, concerned to be at their best in important matters, whether of business, of pleasure or
of passion, i.e. with quality of life.



Or the good may be literally life-saving, as in serious acute infections (pneumonia, septicaemia) or in the prevention of
life-devastating disability from severe asthma, from epilepsy or from blindness due to glaucoma.

Drugs can do harm

This harm may be relatively trivial, as in hangover from a hypnotic or transient headache from glyceryl trinitrate used
for angina.

The harm may be life-destroying, as in the rare sudden death following an injection of penicillin, rightly regarded as
one of the safest of antibiotics, or the destruction of the quality of life that occasionally attends the use of drugs that
are effective in rheumatoid arthritis (adrenocortical steroids, penicillamine) and Parkinson's disease (levodopa).

There are risks in taking medicines, just as there are risks in food and transport. There are also risks in declining to
take medicines when they are needed, just as there are risks in refusing food or transport when they are needed.

Efficacy and safety do not lie solely in the molecular structure of the drug. Doctors must choose which drugs to use
and must apply them correctly in relation not only to their properties, but also to those of the patients and their
disease. Then patients must use the prescribed medicine correctly (see Compliance/concordance below).

Uses of drugs/medicines
Drugs are used in three principal ways:

e To cure disease: primary and auxiliary
e To suppress disease
o To prevent disease: (prophylaxis): primary and secondary.

Cure implies primary therapy, as in bacterial and parasitic infections, that eliminates the disease, and the drug is
withdrawn; or auxiliary therapy, as with anaesthetics and with ergometrine and oxytocin in obstetrics.

Suppression of diseases or symptoms is used continuously or intermittently to avoid the effects of disease without
attaining cure (as in hypertension, diabetes mellitus, epilepsy, asthma), or to control symptoms (such as pain and
cough) whilst awaiting recovery from the causative disease.

Prevention (prophylaxis). In primary prevention, the person does not have the condition and avoids getting it. For
malaria, vaccinations and contraception, the decision to treat healthy people is generally easy.

In secondary prevention, the patient has the disease and the objective is to reduce risk factors, so to retard
progression or avoid repetition of an event, e.g. aspirin and lipid-lowering drugs in atherosclerosis and after
myocardial infarction, antihypertensives to prevent recurrence of stroke.

Taking account of the above, a doctor might ask the following questions before treating a patient with drugs:

1. Should | interfere with the patient at all?

2. If so, what alteration in the patient's condition do | hope to achieve?

3. Which drug is most likely to bring this about?

4. How can | administer the drug to attain the right concentration in the right place at the right time and for the
right duration?

5. How will | know when | have achieved the objective?

6. What other effects might the drug produce, and are these harmful?

7. How will | decide to stop the drug?

8. Does the likelihood of benefit, and its importance, outweigh the likelihood of damage, and its importance, i.e.

the benefit versus risk, or efficacy against safety?

BENEFITS AND RISKS OF MEDICINES

Modern technological medicine has been criticised, justly, for following the tradition of centuries by waiting for disease
to occur and then trying to cure it rather than seeking to prevent it in the first place. Although many diseases are partly
or wholly preventable by economic, social and behavioural means, these are too seldom adopted and are slow to take
effect. In the meantime, people continue to fall sick, and to need and deserve treatment.

We all have eventually to die from something and, even after excessive practising of all the advice on how to live a
healthy life, the likelihood that the mode of death for most of us will be free from pain, anxiety, cough, diarrhoea,
paralysis (the list is endless) seems so small that it can be disregarded. Drugs already provide immeasurable solace



in these situations, and the development of better drugs should be encouraged.

Doctors know the sick are thankful for drugs, just as even the most dedicated pedestrians and environmentalists
struck down by a passing car are thankful for a motor ambulance to take them to hospital. The reader will find
reference to the benefits of drugs in individual diseases throughout this book and further expansion is unnecessary
here. But a general discussion of risk of adverse events is appropriate.

Unavoidable risks
Consider, for the sake of argument, the features that a completely risk-free drug would exhibit:

e The physician would know exactly what action is required and use the drug correctly.

o The drug would deliver its desired action and nothing else, either by true biological selectivity or by selective
targeted delivery.

e The drug would achieve exactly the right amount of action - neither too little, nor too much.

These criteria may be completely fulfilled, for example in a streptococcal infection sensitive to penicillin in patients
whose genetic constitution does not render them liable to an allergic reaction to penicillin.

These criteria are partially fulfilled in insulin-deficient diabetes. But the natural modulation of insulin secretion in
response to need (food, exercise) does not operate with injected insulin and even sophisticated technology cannot yet
exactly mimic the normal physiological responses. The criteria are still further from realisation in, for example, some
cancers and schizophrenia.

Some reasons why drugs fail to meet the criteria of being risk-free include:

e Drugs may be insufficiently selective. As the concentration rises, a drug that acts at only one site at low
concentrations begins to affect other target sites (receptors, enzymes) and recruit new (unwanted) actions; or
a disease process (cancer) is so close to normal cellular mechanisms that perfectly selective cell kill is
impossible.

e Drugs may be highly selective for one pathway but the mechanism affected has widespread functions and
interference with it cannot be limited to one site only, e.g. atenolol on the B-adrenoceptor, aspirin on cyclo-
oxygenase.

¢ Prolonged modification of cellular mechanisms can lead to permanent change in structure and function, e.g.
carcinogenicity.

¢ Insufficient knowledge of disease processes (some cardiac arrhythmias) and of drug action can lead to
interventions that, although undertaken with the best intentions, are harmful.

e Patients are genetically heterogeneous to a high degree and may have unpredicted responses to drugs.

e Dosage adjustment according to need is often unavoidably imprecise, e.g. in depression.

e Prescribing 'without due care and attention’.’

Reduction of risk
Strategies that can limit risk include those directed at achieving:

e Better knowledge of disease (research) - as much as 40% of useful medical advances derive from basic
research that was not funded towards a specific practical outcome.
o Site-specific effect - by molecular manipulation.
e Site-specific delivery - drug targeting:
o by topical (local) application
0 by target-selective carriers.
¢ Informed, careful and responsible prescribing.

Two broad categories of risk

First are those that we accept by deliberate choice. We do so even if we do not exactly know their magnitude, or we
know but wish they were smaller, or, especially where the likelihood of harm is sufficiently remote though the
consequences may be grave, we do not even think about the matter. Such risks include transport and sports, both of
which are inescapably subject to potent physical laws such as gravity and momentum, and surgery to rectify disorders
that we could tolerate or treat in other ways, e.g. much cosmetic surgery.

Second are those risks that cannot be significantly altered by individual action. We experience risks imposed by food
additives (preservatives, colouring), air pollution and some environmental radioactivity. But there are also risks



imposed by nature, such as skin cancer due to excess ultraviolet radiation in sunny climes, as well as some
radioactivity.

It seems an obvious course to avoid unnecessary risks, but there is disagreement on what risks are truly unnecessary
and, on looking closely at the matter, it is plain that many people habitually take risks in their daily and recreational life
that it would be a misuse of words to describe as necessary. Furthermore, some risks, although known to exist, are, in
practice, ignored other than by conforming to ordinary prudent conduct. These risks are negligible in the sense that
they do not influence behaviour, i.e. they are neglected. ™

Elements of risk
Risk has two elements:

e The likelihood or probability of an adverse event
o lIts severity.

In medical practice in general, concern ceases when risks fall below about 1 in 100 000 instances, when the

procedure then is regarded as 'safe'. In such cases, when disaster occurs, it can be difficult indeed for individuals to
accept that they 'deliberately' accepted a risk; they feel 'it should not have happened to me' and in their distress they
may seek to lay blame on others where there is no fault or negligence, only misfortune (see Warnings and consent).

The benefits of chemicals used to colour food verge on or even attain negligibility, although some cause allergy in
humans. Our society permits their use.

There is general agreement that drugs prescribed for disease are themselves the cause of a significant amount of
disease (adverse reactions), of death, of permanent disability, of recoverable illness and of minor inconvenience. In
one major UK study the prevalence of adverse drug reactions as a cause of admission to hospital was 6.5% (see p.
117 for other examples).

Three major grades of risk

These are: unacceptable, acceptable and negligible. Where disease is life-threatening and there is reliable information
on both the disease and the drug, then decisions, though they may be painful, present relatively obvious problems.
But where the disease risk is remote, e.g. mild hypertension, or where drugs are to be used to increase comfort or to
suppress symptoms that are, in fact, bearable, or for convenience rather than for need, then the issues of risk
acceptance are less obvious.

Risks should not be weighed without reference to benefits any more than benefits should be weighed without
reference to risks.

Risks are among the facts of life. In whatever we do and in whatever we refrain from doing, we are accepting risk.
Some risks are obvious, some are unsuspected and some we conceal from ourselves. But risks are universally
accepted, whether willingly or unwillingly, whether consciously or not."

Whenever a drug is taken arisk is taken

The risk comprises the properties of the drug, the prescriber, the patient and the environment; it is often so small that
second thoughts are hardly necessary, but sometimes it is substantial. The doctor must weigh the likelihood of gain for
the patient against the likelihood of loss. There are often insufficient data for a rational decision to be reached, but a
decision must yet be made, and this is one of the greatest difficulties of clinical practice. Its effect on the attitudes of
doctors is often not appreciated by those who have never been in this situation. The patient's protection lies in the
doctor's knowledge of the drug and of the disease, and experience of both, together with knowledge of the patient.

We continue to use drugs that are capable of killing or disabling patients at doses within the therapeutic range where
the judgement of overall balance of benefit and risk is favourable. This can be very difficult for the patient who has
suffered a rare severe adverse reaction, to understand and to accept (see below).

In some chronic diseases that ultimately necessitate suppressive drugs, the patient may not experience benefit in the
early stages. Patients with early Parkinson's disease may experience little inconvenience or hazard from the condition,
and premature exposure to drugs can exact such a price in unwanted effects that they prefer the untreated state.
What patients will tolerate depends on their personality, their attitude to disease, their occupation, mode of life and
relationship with their doctor (see Compliance, p. 22).

PUBLIC VIEW OF DRUGS AND PRESCRIBERS
The current public view of modern medicines, ably fuelled by the mass media, is a compound of vague expectation of



'miracle' cures with outrage when anything goes wrong. It is also unreasonable to expect the public to trust the
medical profession (in collaboration with the pharmaceutical industry) to the extent of leaving to them all drug matters.

The public wants benefits without risks and without having to alter its unhealthy ways of living; this is a deeply
irrational position. But it is easy to understand that a person who has taken into their body a chemical with intent to
relieve suffering, whether or not it is self-induced, can feel profound anger when harm ensues. Expectations are high,
and now, at the beginning of the 21st century, with the manifest achievement of technology all around us, the
expectation that happiness can be a part of the technological package must yet be seen as naive and unrealisable.

Patients are aware that there is justifiable criticism of the standards of medical prescribing - indeed, doctors are in the
forefront of this - as well as justifiable criticism of promotional practices of the profitably rich, aggressive, international
pharmaceutical industry.

There are obvious areas where some remedial action is possible:

e Maintaining high standards of prescribing by doctors, including better communication with patients, i.e.
doctors must learn to feel that introduction of foreign chemicals into their patients' bodies is a serious matter,
which the majority do not seem to feel at present.

¢ Introduction of no-fault compensation schemes for serious drug injury (some countries already have these).

e Informed public discussion of the issues between the medical profession, industrial drug developers,
politicians and other 'opinion formers' in society, and patients (the public).

e Restraint in promotion by the pharmaceutical industry, including self-control by both industry and doctors in
their necessarily close relationship, which the public is inclined to regard as a conspiracy.

If restraint by both parties is not forthcoming, and it may not be, then both doctor and industry can expect the exercise
of more control over them by politicians responding to public demand.

CRITICISMS OF MODERN DRUGS

Extremist critics have attracted public attention for their view that modern drug therapy, indeed modern medicine in
general, does more harm than good; others, whilst admitting some benefits from drugs, insist that this is medically
marginal.

These opinions rest on the undisputed fact that favourable trends in many diseases preceded the introduction of
modern drugs and were due to economic and environmental changes, sanitation, nutrition and housing. They also rest
on the claim that drugs have not changed expectation of life or mortality (as measured by national mortality statistics),
and that drugs can cause illness (adverse reactions).

If something is to be measured then the correct criteria must be chosen. Overall mortality figures are an extremely
crude and often an irrelevant measure of the effects of drugs whose major benefits are so often on quality of life rather
than on its quantity.

Two examples of inappropriate measurements will suffice:

1. In the case of many infections, environmental changes have had an indisputably greater beneficial effect on
health than the subsequently introduced antimicrobials. But this does not mean that environmental
improvements alone are sufficient in the fight against infections. When comparisons of ilinesses in the pre-
and post-antimicrobial eras are made, like is not compared with like. Environmental changes achieved their
results when the mortality rate from infections was high and antimicrobials were not available; antimicrobials
came later, against a background of low mortality as well as of environmental change; decades separate the
two parts of the comparison, and observers, diagnostic criteria and data recording changed during this long
period. It is evident that determining the value of antimicrobials is not simply a matter of looking at mortality
rates.

2. About 1% of the UK population has diabetes mellitus and about 1% of death certificates mention diabetes.
This is no surprise because all must die and insulin is no cure'? for this lifelong disease. A standard medical
textbook of 1907 stated that juvenile-onset 'diabetes is in all cases a grave disease, and the subjects are
regarded by all assurance companies as uninsurable lives: life seems to hang by a thread, a thread often cut
by a very trifling accident'. Most, if not all, life insurance companies now accept young people with diabetes
with no or only modest financial penalty - the premium of a person 5-10 years older. Before insulin
replacement therapy was available few survived beyond 3 years13 after diagnosis they died for lack of insulin.
It is unjustified to assert that a treatment is worthless just because its mention on death certificates (whether
as a prime or as a contributory cause) has not declined. The relevant criteria for juvenile-onset diabetes are
change in the age at which the subjects die and the quality of life between diagnosis and death, and both of
these have changed enormously.



PHYSICIAN-INDUCED (IATROGENIC) DISEASE

They used to have a more equitable contract in Egypt: for the first three days the doctor took on the patient at the
patient's risk and peril: when the three days were up, the risks and perils were the doctors
But doctors are lucky: the sun shines on their successes and the earth hides their failures.™

It is a salutary thought that each year medical errors kill an estimated 44 000 to 98 000 Americans (more than die in
motor vehicle accidents) and injure 1 000 000." Among inpatients in the USA and Australia, about half of the injuries
caused by medical mismanagement result from surgery, but therapeutic mishaps and diagnostic errors are the next
most common In one survey of adverse drug events, 1% were fatal, 12% life-threatening, 30% serious and 57%
srgmflcant ® About half of the life- -threatening and serious events were preventable. Errors of prescribing account for
one-half and those of administering drugs for one-quarter of these. Inevitably, a proportion of lapses result in litigation,
and in the UK 20-25% of complaints received by the medical defence organisations about general practitioners follow
medication errors.

The most shameful act in therapeutics, apart from actually killing a patient, is to m*ure a patient who is but little
disabled or who is suffering from a self-limiting disorder. Such iatrogenic disease, * induced by misguided treatment, is
far from rare.

Doctors who are temperamentally extremist will do less harm by therapeutic nihilism than by optimistically
overwhelming patients with well intentioned poly-pharmacy. If in doubt whether or not to give a drug to a person who
will soon get better without it, don't.

In 1917 the famous pharmacologist, Sollmann, felt able to write:

Pharmacology comprises some broad conceptions and generalisations, and some detailed conclusions, of such great
and practical importance that every student and practitioner should be absolutely familiar with them. It comprises also
a large mass of minute details, which would constitute too great a tax on human memory, but which cannot safely be
neglected

The doctor's aim must be not merely to give the patient what will do good, but to give only what will do good, or at
least more good, than harm. The information explosion of recent decades is now under better control such that
prescribers can, from their desktop computer terminals, enter the facts about their patient (age, sex, weight, principal
and secondary diagnoses) and receive suggestions for which drugs should be considered, with proposed doses and
precautions.

DRUG-INDUCED INJURY" (see also chapter 8)

Responsibility for drug-induced injury raises important issues affecting medical practice and development of needed
new drugs, as well as of law and of social justice.

Negligence and strict and no-fault liability

All civilised legal systems provide for compensation to be paid to a person injured as a result of using a product of any
kind that is defective due to negligence (fault is a failure to exercise reasonable care)

But there is a growing opinion that special compensation for serious personal injury, beyond the modest sums that
general social security systems provide, should be automatic and not dependent on fault and proof of fault of the
producer, i.e. there should be 'liability irrespective of fault', 'no-fault liability' or 'strict I|ab|I|ty

Many countries are now revising their laws on liability for personal injury due to manufactured products and are
legislating Consumer Protection Acts (Statutes) that include medicines, for 'drugs represent the class of product in
respect of which there has been the greatest pressure for surer compensation in cases of injury’. 2

Issues that are central to the debate include:

e Capacity to cause harm is inherent in drugs in a way that sets them apart from other manufactured products;
and harm often occurs in the absence of fault.

e Safety, i.e. the degree of safety that a person is entitled to expect, and adverse effects that should be
accepted without complaint, must often be a matter of opinion and will vary with the disease being treated,
e.g. cancer or insomnia.

e Causation, i.e. proof that the drug in fact caused the injury, is often impossible, particularly where it increases
the incidence of a disease that occurs naturally.

e Contributory negligence. Should compensation be reduced in smokers and drinkers where there is evidence
that these pleasure-drugs increase liability to adverse reactions to therapeutic drugs?

e The concept of defect, i.e. whether the drug or the prescriber or indeed the patient can be said to be
'defective’ so as to attract liability, is a highly complex matter and indeed is a curious concept as applied to



medicine.

A scheme that meets all the maijor difficulties has not yet been implemented anywhere. This is not because there has
been too little thought; it is because the subject is difficult. Nevertheless, no-fault schemes operate in New Zealand,
Scandanavia and France.?® The following principles might form the basis of a workable compensation scheme for
injury due to drugs:

¢ New unlicensed drugs undergoing clinical trial in small numbers of subjects (healthy or patient volunteers): the
developer should be strictly liable for all adverse effects.

e New unlicensed drugs undergoing extensive trials in patients who may reasonably expect benefit: the
producer should be strictly liable for any serious effect.

e New drugs after licensing by an official body: the manufacturer and the community should share liability for
serious injury, as new drugs provide general benefit. An option might be to institute a defined period of formal
prospective drug surveillance monitoring, in which both doctors and patients agree to participate.

e Standard drugs in day-to-day therapeutics:

1. There should be a no-fault scheme, operated by or with the assent of government that has authority,
through tribunals, to decide cases quickly and to make awards. This body would have authority to
reimburse itself from others - manufacturer, supplier, prescriber - wherever that was appropriate. An
award must not have to wait on the outcome of prolonged, vexatious, adversarial, expensive court
proceedings.

2. Patients would be compensated where:

= causation was proven on 'balance of probability

= the injury was serious

= the event was rare and remote and not reasonably taken into account in making the decision
to treat.
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COMPLEMENTARY, ALTERNATIVE AND TRADITIONAL MEDICINE

Practitioners of complementary and alternative medicine (CAM)25 are severely critical of modern drugs, and use
practices according to their own special beliefs. It is appropriate therefore to discuss such medical systems here.

The term 'complementary and alternative' medicine covers a broad range of heterogeneous systems of therapy (from
acupuncture to herbalism to yoga), and diagnosis (from bioresonance to pulse and tongue diagnosis). The present
discussion relates largely to CAM but recognises that traditional or indigenous medicinal therapeutics has developed
since before history in all societies. This comprises a mass of practices varying from the worthless to highly effective
remedies, e.g. digitalis (England), quinine (South America), reserpine (India), atropine (various countries). It is the task
of science to find the gems and to discard the dross,?® and at the same time to leave intact socially valuable
supportive aspects of traditional medicine.

There is no doubt that the domain of CAM has grown in popularity in recent %/ears; a survey estimated that about 20%
of the UK population had consulted a CAM practitioner in the previous year. "In Germany, the figure exceeds 60%,
with $2.06 billion in over-the-counter sales in 2003.%° Usage rises sharply among those with chronic, relapsing
conditions such as cancer, multiple sclerosis, human immunodeficiency virus (HIV) infection, psoriasis and
rheumatological diseases. It is difficult to resist the conclusion that when scientific medicine neither guarantees
happiness nor wholly eliminates the disabilities of degenerative diseases in long-lived populations, and when drugs
used in modern medicine cause serious harm, public disappointment naturally leads to a revival of interest in
alternatives that alluringly promise efficacy with complete safety. These range from a revival of traditional medicine to
adoption of the more modern cults.?

Features common to medical cults: are absence of scientific thinking, naive acceptance of hypotheses, uncritical
acceptance of causation, e.g. reliance on anecdote or opinion (as opposed to evidence), assumption that if recovery
follows treatment it is due to the treatment, and close attention to the patient's personal feelings. Lack of
understanding of how therapeutic effects may be measured is also a prominent feature. An extensive analysis of
recommendations of CAM therapies for specific medical conditions from seven textbook sources revealed numerous
treatments recommended for the same condition, for example: addictions (120 treatments recommended), arthritis
(121), asthma (119) and cancer (133), but there was lack of agreement between these authors as to the preferred
therapies for specified conditions.*® The question must arise that if numerous and heterogeneous treatments are
effective for the same condition, could they not have some common feature, such as the ability of the practitioner to
inspire confidence in the patient?

A proposition belongs to science if we can say what kind of event we would accept as refutation (and this is easy in
therapeutics). A proposition (or theory) that cannot clash with any possible or even conceivable event (evidence) is



outside science, and this in general applies to cults where everything is interpreted in terms of the theory of the cult;
the possibility that the basis of the cult is false is not entertained. This appears to be the case with medical cults, which
join freudianism, and indeed religions, as outside science (after Karl Popper). Willingness to follow where the evidence
leads is a distinctive feature of conventional scientific medicine.

A scientific approach does not mean treating a patient as a mere biochemical machine. It
does not mean the exclusion of spiritual, psychological and social dimensions of human
beings. But it does mean treating these in a rational manner.

Some common false beliefs of CAM practitioners are that synthetic modern drugs are toxic, but products obtained in
nature are not.>' Scientific medicine is held to accept evidence that remedies are effective only where the mechanism
is understood, that it depends on adherence to rigid and unalterable dogmas, and recognises no form of evaluation
other than the strict randomised controlled trial. Traditional (pre-scientific) medicine is deemed to have special virtue,
and the collection and formal analysis of data on therapeutic outcomes, failures as well as successes, is deemed
inessential. There is also a tenet that if patient gets better when treated in accordance with certain beliefs, this
provides evidence for the truth of these beliefs (the post hoc ergo propter hoc* fallacy).

Exponents of CAM often state that comparative controlled trials of their medicines against conventional medicines are
impracticable because the classic double-blind randomised controlled designs are inappropriate and in particular do
not allow for the individual approach characteristic of complementary medicine. But modern therapeutic trial designs
can cope with this. There remain extremists who contend that they understand scientific method, and reject it as
invalid for what they do and believe, i.e. their beliefs are not, in principle, refutable. This is the position taken up by
magic and religion where subordination of reason to faith is a virtue.

CAM particularly charges that conventional medicine seriously neglects patients as whole integrated human beings
(body, mind, spirit) and treats them too much as machines. Conventional practitioners may well feel uneasily that
there has been and still is truth in this, that with the development of specialisation some doctors have been seduced
by the enormous successes of medical science and technology and have become liable to look too narrowly at their
patients where a much broader (holistic) approach is required. It is evident that such an approach is likely to give
particular satisfaction in psychological and psychosomatic conditions for which conventional doctors in a hurry have
been all too ready to think that a prescription meets all the patients' needs.

CAM does not compete with the successful mainstream of scientific medicine. Users of CAM commonly have chronic
conditions and have tried conventional medicine but found that it has not offered a satisfactory solution, or has caused
adverse effects. The problems, when they occur, are often at the interface between CAM and mainstream medicine. A
doctor prescribing a conventional medicine may be unaware that a patient is taklng herbal medicine, and there is
ample scope for unwanted herb-drug interaction by a variety of mechanisms.* These include:

e CYP450 enzyme induction - St John's wort (by reducing the plasma concentration or therapeutic efficacy of
warfarin, ciclosporin, simvastatin, oral contraceptives).

e CYP450 enzyme inhibition - piperine (by increasing plasma concentrations of propranolol and theophylline).

e Additive action - St John's wort on serotonin-specific reuptake inhibitors (by increasing their unwanted effects).

More troubling is the issue of conflicting advice between CAM and mainstream drugs, as witnessed by the advice to
travellers from some homoeopathic pharmacies to use their products for malaria prophylaxis in place of conventional
drugs (an action that drew criticism from the Society of Homoeopaths). Regulations being introduced by European
Union Directive (and voluntarily in the UK) will move towards formal registration of practitioners of some forms of CAM
(notably herbal medicines), according to agreed standards of qualification.

The following will suffice to give the flavour of homoeopathy, the principal complementary medicine system involving
medicines, and the kind of criticism with which it has to contend.

HOMOEOPATHY

Homoeopathy* is a system of medicine founded by Samuel Hahnemann (German physician, 1755-1843) and
expounded by him in the 'Organon of the Rational Art of Heallng ® Hahnemann described his position:

After | had discovered the weakness and errors of my teachers and books | sank into a state of sorrowful indignation,
which had nearly disgusted me with the study of medicine. | was on the point of concluding that the whole art was vain
and incapable of improvement. | gave myself up to solltarg/ reflection, and resolved not to terminate my train of thought
until | had arrived at a definite conclusion on the subject

Similar symptoms in the remedy remove similar symptoms in the disease. The eternal, universal law of Nature, that
every disease is destroyed and cured through the similar artificial disease which the appropriate remedy has the
tendency to excite, rests on the following proposition: that only one disease can exist in the body at any one time.

By understandable revulsion at the medicine of his time, by experimentation on himself (a large dose of quinine made



him feel as though he had a malarial attack) and by search of records he 'discovered' a 'law' that is central to
homoeopathy, and from which the name is derived (cf. allopathy, p. 6): In addition to the above, Hahnemann
'discovered' that dilution potentiates the effect of drugs, but not of trace impurities (provided the dilution is shaken
correctly, i.e. by 'succussion'), even to the extent that an effective dose may not contain a single molecule of the drug.
It has been pointed out® that the 'thirtieth potency' (1in 1030), recommended by Hahnemann, provided a solution in
which there would be one molecule of drug in a volume of a sphere of literally astronomical circumference.

The therapeutic efficacy of a dilution at which no drug is present (including sodium chloride prepared in this way) is
explained by the belief that a spiritual energy diffused throughout the medicine by the particular way in which the
dilutions are shaken (succussion) during preparation, or that the active molecules leave behind some sort of 'imprint'
on solvent or excipient.® The absence of potentiation of the inevitable contaminating impurities is attributed to the fact
that they are not incorporated by serial dilution.

We are asked to put aside the whole edifice of evidence concerning the physical nature of materials and the normal
concentrSagtion-response relationships of biologically active substances in order to accommodate homoeopathic
potency.

Thus, writes a critic:

But no hard evidence that tests the hypothesis is supplied to justify this, and we are invited, for instance, to accept that
sodium chloride merely diluted is no remedy, but that 'it raises itself to the most wonderful power through a well
prepared dynamisation process' and stimulates the defensive powers of the body against the disease.

Pharmacologists have felt, in the absence of conclusive evidence from empirical studies that homoeoopathic medicines
can reproducibly be shown to differ from placebo, that there is no point in discussing its hypotheses.4 But empirical
studies can be made without accepting any particular theory of causation; nor should the results of good studies be
disregarded just because the proposed theory of action seems incredible or is unknown.

A meta-analysis of 186 double-blind and/or randomised placebo-controlled trials of homoeopathic remedies found that
89 had adequate data for analysis. The authors concluded that their results 'were not compatible with the hypothesis
that the clinical effects are completely due to placebo’, but also found 'insufficient evidence from these studies that
homoeopathy is clearly efficacious for any single clinical condition'.*" A subsequent analysis of 110 homoeopathic and
110 conventional medicine trials found that there was 'weak evidence for a specific effect of homeopathic remedies,
but strong evidence for a specific effect of conventional interventions.' The authors concluded: 'This finding is
compatible with the notion that the clinical effects of homeopathy are placebo effects."” These studies evoked strong
reactions from practitioners of homoeopathy and others, but they raise the possibility that patients' reactions to
homoeopathy, and indeed some other forms of CAM, may rest within an understanding of the complex nature of the
placebo response and, in particular, its biology (see below).

CONCLUSION

There is a single fundamental issue between conventional scientific medicine and traditional, complementary and
alternative medicine (although it is often obscured by detailed debates on individual practices); the issue is: what
constitutes acceptable evidence, i.e. what is the nature, quality and interpretation of evidence that can justify general
adoption of modes of treatment and acceptance of hypotheses? When there is agreement that a CAM treatment
works, it becomes conventional and, in respect of that treatment, there is no difference between CAM and orthodox
scientific medicine.

In the meantime, we depend on the accumulation of evidence from empirical studies to justify the allocation of
resources for future research.

PLACEBO MEDICINES

A placebo® is any component of therapy that is without specific biological activity for the condition being treated.

Placebo medicines are used for two purposes:

e As a control in scientific evaluation of drugs (see Therapeutic trials, p. 50).
o To benefit or please a patient, not by any pharmacological actions, but by psychological means.

All treatments have a psychological component, whether to please (placebo effect) or, occasionally, to vex (negative
placebo or nocebo™ effect).

A placebo medicine is a vehicle for 'cure' by suggestion, and is surprisingly often successful, if only temporarily.45 All
treatments carry a placebo effect - physiotherapy, psychotherapy, surgery, entering a patient into a therapeutic trial,
even the personality and style of the doctor - but the effect is most easily investigated with drugs, for the active and



the inert can often be made to appear identical to allow comparisons.

The deliberate use of drugs as placebos is a confession of therapeutic failure by the doctor. Failures, however, are
sometimes inevitable and an absolute condemnation of the use of placebos on all occasions would be unrealistic.

A placebo-reactor is an individual who reports changes of physical or mental state after taking
a pharmacologically inert substance.

Placebo-reactors are suggestible people who are likely to respond favourably to any treatment. They have misled
doctors into making false therapeutic claims.

Negative reactors, who develop adverse effects when given a placebo, exist but, fortunately, are fewer.

Some 30-80% of patients with chronic stable angina pectoris and 30-50% with depression respond to placebos.
Placebo reaction is an inconstant attribute: a person may respond at one time in one situation and not at another time
under different conditions. In one study on medical students, psychological tests revealed that those who reacted to a
placebo tended to be extroverted, sociable, less dominant, less self-confident, more appreciative of their teaching,
more aware of their autonomic functions and more neurotic than their colleagues who did not react to a placebo under
the particular conditions of the experiment.

Modern brain-scanning techniques provide evidence that the placebo effect has a physiological basis. Positron
emission tomography showed that both opioid and placebo analgesia were associated with increased activity in the
same cortical area of the brain, the greatest responses occurring in high placebo responders.*® Functional magnetic
resonance imaging demonstrated that strong cortical activation correlated with greater placebo-induced pain relief.*’

It is important that all who administer drugs should be aware that their attitudes to the treatment may greatly influence
the outcome. Undue scepticism may prevent a drug from achieving its effect, and enthusiasm or confidence may
potentiate the actions of drugs.

Tonics are placebos. They may be defined as substances that aspire to strengthen and increase the appetite of those
so weakened by disease, misery, overindulgence in play or work, or by physical or mental inadequacy, that they
cannot face the stresses of life. The essential feature of this weakness is the absence of any definite recognisable
defect for which there is a known remedy. As tonics are placebos, they must be harmless.*®

PRESCRIBING, DRUG CONSUMPTION AND ECONOMICS

The reasons for taking a drug history from patients are:

e Drugs are a cause of disease. Withdrawal of drugs, if abrupt, can cause disease, e.g. benzodiazepines,
antiepilepsy drugs.

¢ Drugs can conceal disease, e.g. adrenal steroid.

e Drugs can interact, producing a positive adverse effect or a negative adverse effect, i.e. therapeutic failure.

¢ Drugs can give diagnostic clues, e.g. ampicillin and amoxicillin causing rash in infectious mononucleosis - a
diagnostic adverse effect, not a diagnostic test.

e Drugs can cause false results in clinical chemistry tests, e.g. plasma cortisol, urinary catecholamine, urinary
glucose.

¢ Drug history can assist choice of drugs in the future.

¢ Drugs can leave residual effects after administration has ceased, e.g. chloroquine, amiodarone.

e Drugs available for independent patient self-medication are increasing in range and importance.

(See also Appendix: the prescription.)

Appropriate [prescribing is that] which bases the choice of a drug on its effectiveness, safety and convenience relative
to other drugs or treatments (e.g. surgery or psychotherapy), and considers cost only when those criteria for choice
have been satisfied. In some circumstances appropriateness will require the use of more costly drugs. Only by giving
appropriateness high priority will [health payers] be able to achieve their aim of ensuring that patients' clinical needs
will be met (Report).

Prescribing should be appropriate:*® Prescribing that is inappropriate is the result of several factors:

e Giving in to patient pressure to write unnecessary prescriptions. The extra time spent in careful explanation
will, in the long run, be rewarded.

e Continuing patients, especially the elderly, on courses of medicinal treatment over many months without
proper review of their medication.

e Doctors may 'prescribe brand-name drugs rather than cheaper generic equivalents, even where there is no



conceivable therapeutic advantage in so doing. The fact that the brand-name products often have shorter and
more memorable names than their generic counterparts' contributes to this. (Report) (See also Chapter 6.)

¢ 'Insufficient training in clinical pharmacology. Many of the drugs on the market may not have been available
when a general practitioner was at medical school. The sheer quantity of new products may lead to a
practitioner becoming over-reliant on drugs companies' promotional material, or sticking to "tried and tested"
products out of caution based on ignorance' (Report).

e Failure of doctors to keep up to date (see below, Doctor compliance).

Computerising prescribing addresses some of these issues, for example by prompting regular review of a patient's
medication, by instantly providing generic names from brand names, by giving ready access to formularies and
prescribing guidelines.

COST-CONTAINMENT

Cost-containment in prescription drug therapy attracts increasing attention. It may involve two particularly contentious
activities:

1. Generic substitution, where a generic formulation (see p. 71) is substituted (by a pharmacist) for the
proprietary formulation prescribed by the doctor.

2. Therapeutic substitution, where a drug of different chemical structure is substituted for the drug prescribed by
the doctor. The substitute is of the same chemical class and is deemed to have similar pharmacological
properties and to give similar therapeutic benefit. Therapeutic substitution is a particularly controversial matter
where it is done without consulting the prescriber, and legal issues may be raised in the event of adverse
therapeutic outcome.

The following facts and opinions are worth some thought:

o UK National Health Service (NHS) spending on drugs has been 9-11% per year (of the total cost) for nearly
50 years.

e General practitioners (i.e. primary care) spend some 80% of the total cost of drugs.

e Inthe past 25 years, the number of NHS prescriptions has risen from 5.5 to over 13 per person.

o The average cost per head of medicines supplied to people aged over 75 years is nearly five times that of
medicines supplied to those below pensionable age (in the UK: women 62 years, men 65 years, but under
revision).

e Underprescribing can be just as harmful to the health of patients as overprescribing.

It is crucially important that incentives and sanctions address quality of prescribing as well as quantity: 'it would be
wrong if too great a preoccupation with the cost issue in isolation were to encourage underprescribing or have an
adverse effect on patient care' (Report).

Reasons for underprescribing include: lack of information or lack of the will to use available information (in
economically privileged countries there is, if anything, a surplus of information); fear of being blamed for adverse
reactions (affecting doctors who lack the confidence that a knowledge of pharmacological principles confers); fear of
sanctions against over-costly prescribing. Prescription frequency and cost per prescription are lower for older than for
younger doctors. There is no evidence that the patients of older doctors are worse off as a result.

REPEAT PRESCRIPTIONS

About two-thirds of general (family) practice prescriptions are for repeat medication (half issued by the doctor at a
consultation and half via the practice nurse or receptionist without patient contact with the doctor). Some 95% of
patients' requests are acceded to without further discussion; 25% of patients who receive repeat prescriptions have
had 40 or more repeats; and 55% of patients aged over 75 years are on repeat medication (with periodic review).

Many patients taking the same drug for years are doing so for the best reason, i.e. firm diagnosis for which effective
therapy is available, such as epilepsy, diabetes, hypertension, but some are not.

WARNINGS AND CONSENT

Doctors have a professional duty to inform and to warn, so that patients, who are increasingly informed and educated,
may make meaningful personal choices, which it is their right to do (unless they opt to leave the choice to the doctor,
which it is also their right). Patients now have access to a potentially confusing quantity of detail about the unwanted
effects of drugs (information sheet, the internet, the media) but without the balancing influence of data on their
frequency of occurrence. It would be prudent for doctors to draw attention at least to adverse effects that are common,
serious (even if uncommon), or avoidable or mitigated if recognised.

Warnings to patients are of two kinds:



¢ Warnings that will affect the patient's choice to accept or reject the treatment
o Warnings that will affect the safety of the treatment once it has begun, e.g. risk of
stopping treatment, occurrence of drug toxicity.

Just as engineers say that the only safe aeroplane is the one that stays on the ground in still air on a disused airfield
or in a locked hangar, so the only safe drug is one that stays in its original package. If drugs are not safe then plainly
patients are entitled to be warned of their hazards, which should be explained to them, i.e. probability, nature and
severity.

There is no formal legal or ethical obligation on doctors to warn all patients of all possible adverse consequences of
treatment. It is their duty to adapt the information they give (not too little, and not so much as to cause confusion) so
that the best interest of each patient is served. If there is a 'real' (say 1-2%) risk inherent in a procedure of some
misfortune occurring, then doctors should warn patients of the possibility that the injury may occur, however well the
treatment is performed. Doctors should take into account the personality of the patient, the likelihood of any misfortune
arising and what warning was necessary for each particular patient's welfare.*

Doctors should consider what their particular individual patients would wish to know (i.e. would be likely to attach
significance to) and not only what they think (paternalistically) the patients ought to know. It is part of the
professionalism of doctors to tell what is appropriate to the individual patient's interest. If things go wrong doctors must
be prepared to defend what they did or, more important in the case of warnings, what they did not do, as being in their
patient's best interest. Courts of law will look critically at doctors who seek to justify under-information by saying that
they feared to confuse or frighten the patient (or that they left it to the patient to ask, as one doctor did). The increasing
availability of patient information leaflets (PILs) prepared by the manufacturer indicates the increasing trend to give
more information. Doctors should know what their patients have read (or not read, as is so often the case) when
patients express dissatisfaction.

Evidence that extensive information on risks causes 'unnecessary' anxiety or frightens patients suggests that this is
only a marginal issue and it does not justify a general policy of withholding of information.

LEGAL HAZARDS FOR PRESCRIBERS

The provision of information to patients is treated by (English) law as but one part of the way a doctor discharges the
obligation he owes to a patient to take reasonable care in all aspects of his treatment of that patient. The provision of
information is a corollary of the patient's right to self-determination which is a right recognised by law. Failure to
provide appropriate information will usually be a breach of duty and if that breach leads to the patient suffering injury
then the basis for a claim for compensation exists.”'

Doctors would be less than human if, as well as trying to help their patients, they were not also concerned to protect
themselves from allegations of malpractice (negligence). A lawyer specialising in the field put the legal position
regarding a doctor's duty pungently: The keeping of appropriate medical records, written at the time of consultation
(and which is so frequently neglected), is not only good medical practice, it is the best way of ensuring that there is an
answer to unjustified allegations, made later, when memory has faded. At the very least, these should include records
of warning about treatments that are potentially hazardous.

FORMULARIES, GUIDELINES AND 'ESSENTIAL' DRUGS

Increasingly, doctors recognise that they need guidance through the bountiful menu (thousands of medicines) so
seductively served to them by the pharmaceutical industry. Principal sources of guidance are the pharmaceutical
industry (‘prescribe my drug') and governments (‘spend less'), and also the developing (profit-making) managed
care/insurance bodies ('spend less') and the proliferating drug bulletins offering independent, and supposedly
unbiased advice ('prescribe appropriately').

Even the pharmaceutical industry, in its more sober moments, recognises that their ideal world in which doctors,
advised and informed by industry alone, were free to prescribe whatever they pleased,52 to whomsoever they pleased,
for as long as they pleased with someone other than the patient paying, is an unrealisable dream of a 'never-never
land'".

The industry knows that it has to learn to live with restrictions of some kinds and one of the means of restriction is the
formulary, a list of formulations of medicines with varying amounts of added information. A formulary may list all
nationally licensed medicines prescribable by health professionals, or list only preferred drugs.

It may be restricted to what a third-party payer will reimburse, or to the range of formulations stocked in a hospital (and
chosen by a local drugs and therapeutics committee, which all hospitals or groups of hospitals should have), or the
range agreed by a partnership of general practitioners or primary care health centre.



All restricted formularies are heavily motivated to keep costs down without impairing appropriate prescribing (see p.
19). They should make provision for prescribing outside their range in cases of special need with an 'escape clause'.

Thus, restricted formularies are in effect guidelines for prescribing. There is a profusion of these from national
sources, hospitals, group practices and specialty organisations (epilepsy, diabetes mellitus).

'Essential’ drugs

Economically disadvantaged countries may seek help to construct formularies. Technical help comes from the World
Health Organization (WHO) with its Model List of Essential Medicines,* i.e. drugs (or representatives of classes of
drugs) 'that satisfy the health care needs of the majority of the population; they should therefore be available at all
times in adequate amounts and in the appropriate dosage forms'. Countries seeking such advice can use the list as a
basis for their own choices (the WHO also publishes model prescribing information).54 The list, updated regularly,
contains about 300 items.

The pharmaceutical industry dislikes the concept of drugs classed as essential as others, by implication, are judged
inessential. But the WHO programme has attracted much interest and approval (see WHO Technical Report Series:
The use of essential drugs: current edition).

COMPLIANCE

Successful therapy, especially if it is Iong5 term, comprises a great deal more than choosing a standard medicine. It
involves patient and doctor compliance.™ The latter is liable to be overlooked (by doctors), for doctors prefer to dwell
on the deficiencies of their patients rather than of themselves.

PATIENT COMPLIANCE

Patient compliance is the extent to which the actual behaviour of the patient coincides with medical advice and
instructions; it may be complete, partial, erratic, nil, or there may be over-compliance. To make a diagnosis and to
prescribe evidence-based effective treatment is a satisfying experience for doctors, but too many assume that patients
will gratefully or accurately do what they are told, i.e. obtain the medicine and consume it as instructed. This
assumption is wrong.

The rate of non-presentation (or redemption) of prescriptions in the UK is around 5%, but is up to 20% or even more in
the elderly (who pay no prescription charge). Where lack of money to pay for the medicine is not the cause, this is due
to lack of motivation.

Having obtained the medicine, some 25-50% (sometimes even more) of patients either fail to follow the instruction to a
significant extent (taking 50-90% of the prescribed dose), or they do not take it at all.

Patient non-compliance is identified as a major factor in therapeutic failure in both routine practice and in scientific
therapeutic trials; but, sad to say, doctors are too often non-compliant about remedying this. All patients are potential
non-compliers;56 clinical criteria cannot reliably predict good compliance, but non-compliance often can be predicted.

In addition to therapeutic failure, undetected non-compliance may lead to rejection of the best drug when it is effective,
leading to substitution by second-rank medcines.

Non-compliance may occur because:

o the patient has not understood the instructions, so cannot comply,57 or
e understands the instructions, but fails to carry them out.

Prime factors for poor patient compliance are:

e Frequency and complexity of the drug regimen. Many studies attest to polypharmacy as an inhibitor of
compliance, i.e. more than three drugs taken concurrently or more than three drug-taking occasions in the day
(the ideal of one occasion only is often unattainable).

e Unintentional non-compliance, or forgetfulness,’® may be addressed by associating drug-taking with cues in
daily life (breakfast, bedtime), by special packaging (e.g. calendar packs) and by enlisting the aid of others
(e.g. carers, teachers).

e 'Intelligent’ or wilful non-compliance.59 Patients decide they do not need the drug (asymptomatic disease) or
they do not like the drug (unwanted effects), or take 2-3-day 'drug holidays'.

¢ lliness. This includes cognitive impairment and psychological problems, with depression being a particular
problem.

e Lack of information. Oral instructions alone are not enough; one-third of patients are unable to recount



instructions immediately on leaving the consulting room. Lucid and legible labelling of containers is essential,
as well as patient-friendly information leaflets, which are increasingly available via doctors and pharmacists,
and as package inserts.

e Poor patient-doctor relationship and lack of motivation to take medicines as instructed offer a major challenge
to the prescriber whose diagnosis and prescription may be perfect, yet loses efficacy by patient non-
compliance. Unpleasant disease symptoms, particularly where these are recurrent and known by previous
experience to be quickly relieved, provide the highest motivation (i.e. self-motivation) to comply. But
particularly where the patient does not feel ill, adverse effects are immediate, and benefits are perceived to be
remote, e.g. in hypertension, where they may be many years away in the future, doctors must consciously
address themselves to motivating compliance. The best way to achieve compliance is to cultivate the patient-
doctor relationship. Doctors cannot be expected actually to like all their patients, but it is a great help (where
liking does not come naturally) if they make a positive effort to understand how individual patients must feel
about their illnesses and their treatments, i.e. to empathise with their patients. This is not always easy, but its
achievement is the action of the true professional, and indeed is part of their professional duty of care.

Suggestions for doctors to enhance patient compliance

e Form a non-judgemental alliance or partnership with the patient, giving the patient an opportunity to ask
questions.

e Plan a regimen with the minimum number of drugs and drug-taking occasions, adjusted to fit the patient's
lifestyle. Use fixed-dose combinations, sustained-release (or injectable depot) formulations, or long t., drugs
as appropriate; arrange direct observation of each dose in exceptional cases.

e Provide clear oral and written information adapted to the patient's understanding and medical and cultural
needs.

o Use patient-friendly packaging, e.g. calendar packs, where appropriate; or monitored-dose systems, e.g.
boxes compartmented and labelled.

e See the patient regularly and not so infrequently that the patient feels the doctor has lost interest.

e Enlist the help of family members, carers, friends.

e Use computer-generated reminders for repeat prescriptions.

Directly observed therapy (DOT) (where a reliable person supervises each dose). In addition to the areas where
supervision is obviously in the interest of patients, e.g. a child, DOT is employed (even imposed) among free-living
uncooperative patients who may be a menace to the community, such as those with multiple drug-resistant
tuberculosis.

What every patient needs to know®

e An account of the disease and the reason for prescribing
e The name of the medicine
e The objective:
o to treat the disease and/or
o0 torelieve symptoms, i.e. how important the medicine is, whether the patient
can judge its efficacy and when benefit can be expected to occur
How and when to take the medicine
Whether it matters if a dose is missed and what, if anything, to do about it (see p. 26)
For how long the medicine is likely to be needed
How to recognise adverse effects and any action that should be taken, including
effects on car driving
e Any interaction with alcohol or other medicines.

A remarkable instance of non-compliance, with hoarding, was that of a 71-year-old man who attempted suicide and
was found to have in his home 46 bottles containing 10 685 tablets. Analysis of his prescriptions showed that over a
period of 17 months he had been expected to take 27 tablets of several different kinds daily.®'

From time to time there are campaigns to collect all unwanted drugs from homes in an area. Usually the public are
asked to deliver the drugs to their local pharmacies. In one UK city (population 600 000), 500 000 'solid dose units'
(tablets, capsules, etc.) were handed in (see below, Opportunity cost); such quantities have even caused local
problems for safe waste disposal.

Factors that are insignificant for compliance are: age® (except at extremes), sex, intelligence (except at extreme



deficiency) and educational level (probably).

Over-compliance

Patients (up to 20%) may take more drug than is prescribed, even increasing the dose by 50%. In diseases where
precise compliance with frequent or complex regimens is important, for example in glaucoma where sight is at risk,
there have been instances of obsessional patients responding to their doctors' overemphatic instructions by clock-
watching in a state of anxiety to avoid the slightest deviance from timed administration of the correct dose, to the
extent that their daily (and nightly) life becomes dominated by this single purpose.

Evaluation of patient compliance

Merely asking patients whether they have taken the drug as directed is not likely to provide reliable evidence® . Itis
safest to assume that any event that can impair compliance, will sometimes happen.

Estimations of compliance come from a variety of measures. DOT (above) is the most accurate, and identification of
the drug or metabolites in plasma (or an artificial biological marker in the case of a clinical trial) is persuasive at least
of recent compliance.

Requiring patients to produce containers when they attend the doctor, who counts the tablets, seems to do little more
than show the patient that the doctor cares about the matter (which is useful); a tablet absent from a container has not
necessarily entered the patient's body. On the other hand, although patients are known to practise deliberate
deception, to maintain effective deception successfully over long periods requires more effort than most patients are
likely to make. Memory aids, such as drug diaries, monitored-dosage systems (e.g. compartmented boxes) and
electronic containers that record times of opening are helpful.

Some pharmacodynamic effects, e.g. heart rate with a B-adrenoceptor blocker, provide a physiological marker as an
indicator of the presence of drug in the body.

Compliance in new drug development

Non-compliance, discovered or undiscovered, can invalidate therapeutic trials (where compliance monitoring is
essential). In new drug development trials the diluting effect of undetected non-compliance (prescribed doses are
increased) can result in unduly high doses being initially recommended (licensed) (with toxicity in good compliers after
marketing), so that the standard dose has soon to be urgently reduced (this has probably occurred with some new
nonsteroidal anti-inflammatory drugs).

DOCTOR COMPLIANCE
Doctor compliance is the extent to which the behaviour of doctors fulfils their professional duty:

not to be ignorant

to adopt new advances when they are sufficiently proved (which doctors are often slow to do)
to prescribe accurately®

to tell patients what they need to know

to warn, i.e. to recognise the importance of the act of prescribing.

In one study in a university hospital, where standards might be expected to be high, there was an error of drug use
(dose, frequency, route) in 3% of prescriptions and an error of prescription writing (in relation to standard hospital
instructions) in 30%. Many errors were trivial, but many could have resulted in overdose, serious interaction or under-
treatment.

In other hospital studies, error rates in drug administration of 15-25% have been found, rates rising rapidly where four
or more drugs are being given concurrently, as is often the case; studies of hospital inpatients show that each
receives about six drugs, and up to 20 during a stay is not rare. Merely providing information (on antimicrobials) did
not influence prescribing, but gently asking physicians to justify their prescriptions caused a marked fall in
inappropriate prescribing.

On a harsher note, in recent years doctors who gave drugs, about which they later admitted ignorance (e.g. route of
administration and/or dose), stood charged with manslaughter65 and were convicted. Shocked by this, fellow doctors
have written to the medical press offering understanding sympathy to these, sometimes junior, colleagues: There, but
for the grace of God, go . But the public response is not sympathetic. Doctors put themselves forward as trained
professionals who offer a service of responsible, competent provision of drugs that they have the legal right to
prescribe. ;SI'?he public is increasingly inclined to hold them to that claim, and, where doctors seriously fail, to exact
retribution.

If you do not know about a drug, find out before you act, or take the personal consequences, which, increasingly, may



be very serious indeed.
UNDERDOSING

Use of suboptimal doses of drugs in serious disease occurs, sacrificing therapeutic efficacy to avoid serious adverse
effects. Instances are commonest with drugs of low therapeutic index (see Index), i.e. where the effective and toxic
dose ranges are close, or even overlap, e.g. heparin, anticancer drugs, aminoglycoside antimicrobials. In these cases
dose adjustment to obtain maximum benefit with minimum risk requires both knowledge and attentiveness.

THE CLINICAL IMPORTANCE OF MISSED DOSE(S)

Even the most conscientious of patients will miss a dose or doses occasionally. Patients should therefore be told
whether this matters and what they should do about it, if anything.

Missed dose(s) may lead to:

e loss of therapeutic efficacy (acute disease)
e resurgence (chronic disease)
e rebound or withdrawal syndrome.

Loss of therapeutic efficacy involves the pharmacokinetic properties of drugs. With some drugs of short t,,, the issue is
simply a transient drop in plasma concentration below a defined therapeutic concentration. The issues are more
complex where therapeutic effect may not decline in parallel with plasma concentration, as with recovery of negative
feedback homoeostatic mechanisms (adrenocortical steroids).

A single missed dose may be important with some drugs, e.g. oral contraceptives, but with others (long t-,), omission
of several doses is tolerated without any serious decline in efficacy, e.g. thyroxine (levothyroxine).

These pharmacokinetic considerations are complex and important, and are, or should be, taken into account by drug
manufacturers in devising dosage schedules and informative data sheets. Manufacturers should aim at one or two
doses per day (not more), and this is generally best achieved with drugs with relatively long biological effect t, or,
where the biological effect ty; is short, by using sustained-release formulations.

Discontinuation syndrome (recurrence of disease, rebound, or withdrawal syndrome) may occur due to a variety of
mechanisms (see Index).

PHARMACOECONOMICS

Even the richest societies cannot satisfy the appetite of their citizens for health care based on their real needs, on their
wants and on their (often unrealistic) expectations.

Health-care resources are rationed® in one way or another, whether according to national social policies or to
individual wealth. The debate on supply is not about whether there should be rationing, but about what form rationing
should take; whether it should be explicit or concealed (from the public).

Doctors prescribe, patients consume and, increasingly throughout the world, third (purchasing) parties (government,
insurance companies) pay the bill with money they have obtained from increasingly reluctant healthy members of the
public.

The purchasers of health care are now engaged in serious exercises to contain drug costs in the short term without
impairing the quality of medical care, or damaging the development of useful new drugs (which is an enormously
expensive and long-term process). This can be achieved successfully only if reliable data are available on costs and
benefits, both absolute and relative. The difficulties of generating such data, not only during development, but later
under conditions of actual use, are enormous and are addressed by a special breed of professionals: the health
economists.

Economics is the science of the distribution of wealth and resources. Prescribing doctors, who
have a duty to the community as well as to individual patients, cannot escape involvement
with economics.

THE ECONOMISTS' OBJECTIVE
The objective is to define needs, thereby enabling the deployment of resources according to priorities set by society,
which has an interest in fairness between its members.

Resources can be distributed by the outcome of an unregulated power struggle between professionals and
associations of patients and public pressure groups - all, no doubt, warm-hearted towards deserving cases of one kind



or another, but none able to view the whole scene. Alternatively, distribution can occur by a planned evaluation that
allows division of the resources based on some visible attempt at fairness.

The economist's approach to evaluating drug therapies is to look at a group of patients with a particular disorder and
the various drugs that could be used to treat them. The costs of the various treatments and some costs associated
with their use (together with the costs of giving no treatment) are then considered in terms of impact on health status
(survival and quality of life) and impact on other health care costs (e.g. admissions to hospital, need for other drugs,
use of other procedures).

A health economist®® writes: Economists are often portrayed as people who want to focus on cost, whereas in reality
they see everything in terms of a balance between costs and benefits.

Four economic concepts have particular importance to the thinking of every doctor who makes a decision to prescribe,
i.e. to distribute resources:

e Opportunity cost means that which has to be sacrificed in order to carry out a certain course of action, i.e.
costs are benefits foregone elsewhere. Money spent on prescribing is not available for another purpose;
wasteful prescribing is as an affront to those who are in serious need, e.g. institutionalised mentally
handicapped citizens who everywhere would benefit from increased resources.

o Cost-effectiveness analysis is concerned with how to attain a given objective at minimal financial cost, e.g.
prevention of post-surgical venous thromboembolism by heparins, warfarin, aspirin, external pneumatic
compression. Analysis includes the cost of materials, adverse effects, any tests, nursing and doctor time,
duration of stay in hospital (which may greatly exceed the cost of the drug).

e Cost-benefit analysis is concerned with issues of whether (and to what extent) to pursue objectives and
policies; it is thus a broader activity than cost-effectiveness analysis and puts monetary values on the quality
as well as on the quantity (duration) of life.

e Cost-utility analysis is concerned with comparisons between programmes, such as an antenatal drug
treatment, which saves a young life, or a hip replacement operation, which improves mobility in a man of 60
years. Such differing issues are also the basis for comparison by computing quality-adjusted life-years (see
below).

An allied measure is the cost-minimisation analysis, which finds the least costly programme among those shown or
assumed to be of equal benefit. Economic analysis requires that both quantity and quality of life be measured. The
former is easy, the latter is hard to determine.

In the UK the National Institute for Health and Clinical Excellence (NICE) appraises the clinical effectiveness and cost
effectiveness of drugs, devices and diagnostic tools, and advises health-care professionals in the NHS on their use.
The NHS is legally obliged to make resources available to implement NICE guidance, so avoiding differential
treatment according to a patient's area of residence - so-called 'postcode prescribing'.

QUALITY OF LIFE

Everyone is familiar with the measurement of the benefit of treatment in saving or extending life, i.e. life expectancy:
the measure is the quantity of life (in years). But it is evident that life may be extended and yet have a low quality,
even to the point that it is not worth having at all. It is therefore useful to have a unit of health measurement that
combines the quantity of life with its quality, to place individual and social decision-making on a sounder basis than
mere intuition. Economists met this need by developing the quality-adjusted life-year (QALY) whereby estimations of
years of life expectancy are modified according to estimations of quality of life.

Quality of life has four principal dimensions:"°

Physical mobility.

Freedom from pain and distress.

Capacity for self-care.

Ability to engage in normal work and social interactions.
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The approach for determining quality of life is by questionnaire, to measure what the subject perceives as personal
health. The assessments are refined to provide improved assessment of the benefits and risks of medicines to the
individual and to society. The challenge is to ensure that these are sufficiently robust to make resource allocation
decisions between, for example, the rich and the poor, the educated and the uneducated, the old and the young, as
well as between groups of patients with very different diseases. Plainly, quality of life is a major aspect of what is
called outcomes research.

SELF-MEDICATION



To feel unwell is common, although the frequency varies with social and cultural circumstances. People commonly
experience symptoms or complaints, and commonly want to take remedial action. In one study of adults randomly
selected from a large population, 9 out of 10 had one or more complaints in the 2 weeks before interview; in another of
premenopausal women, a symptom occurred as often as 1 day in 3; in both studies a medicine was taken for more
than half of these occurrences.

SELF-MEDICATION AND CONSUMER RIGHTS
Increasingly, educated and confident consumers are aware of five consumer rights (United
Nations charter):

access (to a wide range of products)

choice (self-determination)

information (on which to base choice)
redress (when things go wrong)

safety (appropriate to the use of the product).

Modern consumers (patients) wish to take a greater role in the maintenance of their own health and are often
competent to manage (uncomplicated) chronic and recurrent ilinesses (not merely short-term symptoms) after proper
medical diagnosis and with only occasional professional advice, e.g. use of histamine H,-receptor blockers, topical
corticosteroids and antifungals, and oral contraceptives. They are understandably unwilling to submit to the
inconvenience of visiting a doctor for what they rightly feel they can manage for themselves, given adequate
information. Legislation in the USA permits the advertising of prescription drugs direct to consumer (DTC). Advertising
has spurred millions of people to take cyclo-oxygenase-2 (COX-2) inhibitors, even when not indicated (see rofecoxib,
pp. 256-257).

Increased consumer autonomy leads to satisfied:

consumers (above)
governments (lower drug bill)
industry (profits)

doctors (reduced workload).

The pharmaceutical industry enthusiastically estimates that extending the use of self-medication to all potentially self-
treatable illnesses could save 100 to 150 million general practitioner consultations per year in the UK (population 60
million). But there will also be added costs as pharmacists extend their responsibilities for supply and information.

Regulatory authorities are increasingly receptive to switching hitherto prescription-only medicines (POM) for self-
medication (over-the-counter, OTC, sale) via pharmacies (P) or via any retail outlet (general sale). The operation is
known as POM-OTC or POM-P 'switch'. It requires particularly exacting standards of safety.

Self-medication is appropriate for:

e short-term relief of symptoms where accurate diagnosis is unnecessary
e uncomplicated cases of some chronic and recurrent disease (a medical diagnosis
having been made and advice given).

Safety in self-medication (an overriding requirement) depends on four items:

The drug - its inherent properties, dose and duration of use, including its power to induce dependence.

The formulation - devised with unsupervised use in mind, e.g. low dose.

Information - available with all purchases (printed) and rigorously reviewed (by panels of potential users) for
user-friendliness and adequacy for a wide range of education and intellectual capacity.

4. Patient compliance.
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Doctors must recognise the increasing importance of questioning about self-medication when
taking a drug history (see p. 18).
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APPENDIX: THE PRESCRIPTION

The prescription is the means by which patients receive medicines that are considered unsafe for sale directly to the
public. Its format is officially regulated to ensure precision in the interests of safety and efficacy, and to prevent
fraudulent misuse; full details appear in national formularies, and prescribers have a responsibility to comply with
these.

Prescriptions of pure drugs or of formulations from the British National Formulary (BNF)71 are satisfactory for almost
all purposes. The composition of many of the preparations in the BNF is laid down in official pharmacopoeias, e.g.
British Pharmacopoeia (BP). There are also many national and international pharmacopoeias.

Traditional extemporaneous prescription-writing art, defining drug, base, adjuvant, corrective, flavouring and vehicle, is
obsolete, as is the use of the Latin language. Certain convenient Latin abbreviations do survive for lack of convenient
English substitutes. They appear below, without approval or disapproval.

The elementary requirements of a prescription are that it should state what is to be given to
whom and by whom prescribed, and give instructions on how much should be taken, how
often, by what route and for how long, or the total quantity to be supplied, as below.

Date.
Address of doctor.
Name and address of patient: date of birth is also desirable for safety reasons; in the UK it is a legal
requirement for children aged under 12 years.
4. R - This is a traditional esoteric symbol’ for the word 'Recipe’ - 'take thou', which is addressed to the
pharmacist. It is pointless; but as many doctors gain a harmless pleasure from writing it with a flourish before
the name of a proprietary preparation of whose exact nature they may be ignorant, it is likely to survive as a
sentimental link with the past.
5. Name and dose of the medicine.
Abbreviations. Only abbreviate where there is an official abbreviation. Never use unofficial abbreviations or
invent your own; it is not safe to do so.
Quantities (after BNF):
o 1 gram or more: write 1 g, etc.
0 lessthan 1 g: write as milligrams: 500 mg, not 0.5 g
0 less than 1 mg: write as micrograms, e.g. 100 micrograms, not 0.1 mg
o for decimals, a zero should precede the decimal point where there is no other figure, e.g. 0.5 mL, not
.5 mL; forarange, 0.5-1g
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0 do not abbreviate microgram, nanogram or unit
o use millilitre (ml or mL), not cubic centimetre (cc)
o for home/domestic measures, see below.



State dose and dose frequency; for 'as required’, specify minimum dose interval or maximum dose per
day.

6. Directions to the pharmacist, if any: 'mix’, 'make a solution'. Write the total quantity to be dispensed (if this is
not stated in 5 above); or duration of supply.

7. Instruction for the patient, to be written on container by the pharmacist. Here brevity, clarity and accuracy
are especially important. It is dangerous to rely on the patient remembering oral instructions. The BNF
provides a list of recommended 'cautionary and advisory labels for dispensed medicines', representing a
balance between 'the unintelligibly short and the inconveniently long', for example: 'Do not stop taking this
medicine except on your doctor's advice'.

Pharmacists nowadays use their own initiative in giving advice to patients.

8. Signature of doctor.

Example of a prescription for a patient with an annoying unproductive cough:

, 2,3, as above

R

Codeine Linctus, BNF, 5 mL

Send 60 mL

Label: Codeine Linctus (or NP). Take 5 mL twice a day and on retiring

1
4
5
6
7
8. Signature of doctor.

Computer-issued prescriptions must conform to recommendations of professional bodies. Computer-generated
facsimile signatures do not meet the legal requirement.

If altered by hand (undesirable), the alteration must be signed.

Medicine containers

Reclosable child-resistant containers and blister packs are now standard, as is dispensing in manufacturers' original
sealed packs containing a patient information leaflet. These add to immediate cost but may save money in the end
(increased efficiency of use, and safety).

Unwanted medicines

Patients should be encouraged to return these to the original supplier for disposal.

Drugs liable to cause dependence or be the subject of misuse. Doctors have a particular responsibility to ensure
that: (1) they do not create dependence, (2) the patient does not increase the dose and create dependence, (3) they

do not become an unwitting source of supply to addicts. To many such drugs, special prescribing regulations apply
(see BNF).

b.d.: bis in die twice a day (b.i.d. is also used)

BNF British National
Formulary

BP British Pharmacopoeia

BPC British Pharmaceutical
Codex

i.m.: intramuscular by intramuscular injection

U International Unit

i.v.: intravenous |by intravenous injection

NP: nomen proper name

proprium

0.d.: omni die every day

0.m.: omni mane |every morning

0.n.: omni nocte |every night

p.o.: per os by mouth

p.r.: per rectum by the anal/rectal route

p.r.n.: pro re nata |as required. It is best to add the maximum frequency of repetition, e.g. aspirin and
codeine tablets, 1 or 2 p.r.n., 4-hourly

p.v.: per vaginam |by the vaginal route



g.d.s.: quater die [four times a day

sumendus (g.i.d. is also used)

rep: repetatur let it be repeated, as in rep. mist(ura), repeat the mixture
s.C.. by subcutaneous injection

subcutaneous

Stat: statim immediately

t.d.s.: ter (in) die |three times a day (t.i.d. is also used)

sumendus

Abbreviations (see also Weights and measures, below)

WEIGHTS AND MEASURES

In this book doses are given in the metric system, or in international units (IU) when metric doses are impracticable.

Equivalents:

e 1litre (lor L) =1.76 pints
e 1 kilogram (kg) = 2.2 pounds (lbs).

Abbreviations:

1 gram (g)

1 milligram (mg) (1 x 10° g)
1 microgram73 (1x 10° 9)

1 nanogram’® (1 x 10° g)

1 decilitre (dL) (1 x 10" L)

1 millilitre (mL) (1 x 10° L).

Home/domestic measures

A standard 5-mL spoon and a graduated oral syringe are available. Otherwise the following approximations will serve:

o 1 tablespoonful = 14 ml (or mL)
e 1 dessertspoonful =7 ml (or mL)
e 1 teaspoonful =5 ml (or mL).

PERCENTAGES, PROPORTIONS, WEIGHT IN VOLUME

Some solutions of drugs (e.g. local anaesthetics, epinephrine/adrenaline) for parenteral use are labelled in a variety of
ways: percentage, proportion, or weight in volume (e.g. 0.1%, 1 : 1000, 1 mg/mL). In addition, dilutions may have to
be made by doctors at the time of use. Such drugs are commonly dangerous in overdose and great precision is
required, especially as any errors are liable to be by a factor of 10 and can be fatal. Doctors who do not feel confident
with such calculations (because they do not do them frequently) should feel no embarrassment,”* but should
recognise that they have a responsibility to check their results with a competent colleague or pharmacist before
proceeding.



3 Discovery and development of drugs

SYNOPSIS
e Preclinical drug development. Discovery of new drugs in the laboratory is an exercise
in prediction

e Techniques of discovery. Sophisticated molecular modelling allows precise design of
potential new therapeutic substances and new technologies have increased the rate
of development of potential medicines

Studies in animals

Ethical issues

Need for animal testing

Prediction. Failures of prediction occur and a drug may be abandoned at any stage,
including after marketing. New drug development is a colossally expensive and
commercially driven activity

e Orphan drugs and diseases.

PRECLINICAL DRUG DEVELOPMENT

The development of new medicines (drugs) is an exercise in extrapolation from laboratory studies in vitro and in vivo
(animals), in order to predict what the agent will do in humans. Medicinal therapeutics rests on the two great
supporting pillars of pharmacology:

e Selectivity- the desired effect alone is obtained: 'We must learn to aim, learn to aim with chemical substances'
(Paul Ehrlich)."
e Dose-"... The dose alone decides that something is no poison' (Paracelsus).2

For decades, the rational discovery of new medicines has depended on modifications of the molecular structures of
increasing numbers of known natural chemical mediators. Often the exact molecular basis of drug action is unknown,
and this book contains frequent examples of old drugs whose mechanism of action remains mysterious. The evolution
of molecular medicine (including recombinant DNA technology) in the past 30 years has led to a new pathway of drug
discovery: pharmacogenomics.” This broad term encompasses all genes in the genome that may determine drug
response, desired and undesired. Completion of the Human Genome Project in 2001 yielded a minimum of 30 000
potential drug targets, although the function of many of these genes remains unknown. In the future, drugs may be
designed according to individual genotypes, thereby enhancing safety as well as efficacy.

The chances of discovering a truly novel medicine, i.e. one that does something valuable that had previously not been
possible (or that does safely what could previously have been achieved only with substantial risk), are increased when
the development programme is founded on precise knowledge, at molecular level, of the biological processes it is
desired to change. The commercial rewards of a successful product are potentially enormous and provide a massive
incentive for developers to invest and risk huge sums of money.

Studies of signal transduction, the fundamental process by which cells talk to one another as intracellular proteins
transmit signals from the surface of the cell to the nucleus inside, have opened an entirely new approach to the
development of therapeutic agents that can target discrete steps in the body's elaborate pathways of chemical
reactions. The opportunities are endless.’

The molecular approach to drug discovery should enable a 'molecular dissection' of any disease process. There are
two immediate consequences:

e More potential drugs and therapeutic targets will be produced than can be experimentally validated in animals
and humans. A further risk is that this 'production line' approach could lead to a loss of integration of the
established specialities (chemistry, biochemistry, pharmacology) and to an overall lack of understanding of
how physiological and pathophysiological processes contribute to the interaction of drug and disease.

e New drugs could be targeted at selected groups of patients based on their genetic make-up. This concept of
'the right medicine for the right patient' is the basis of pharmacogenetics (see p. 105), the genetically
determined variability in drug response.

Pharmacogenetics has gained momentum from recent advances in molecular genetics and genome sequencing, due to:

e Rapid screening for specific gene polymorphisms (see p. 106)
o Knowledge of the genetic sequences of target genes such as those coding for enzymes, ion channels, and



other receptor types involved in drug response

There are high expectations of pharmacogenetics and its progeny, pharmacoproteomics (understanding of and drug
effects on protein variants). They include:

o The identification of subgroups of patients with a disease or syndrome based on their genotype
e Targeting of specific drugs for patients with specific gene variants

Consequences of these expectations include: smaller clinical trial programmes, better understanding of the
pharmacokinetics and dynamics according to genetic variation, and simplified monitoring of adverse events after
marketing.

New drug development proceeds thus:

Idea or hypothesis.

Design and synthesis of substances.

Studies on tissues and whole animal (preclinical studies).

Studies in humans (clinical studies) (see Chapter 4).

Granting of an official licence to make therapeutic claims and to sell (see Chapter 5).
Post-licensing (marketing) studies of safety and comparisons with other medicines.

The (critical) phase of progress from the laboratory to humans is termed translational science. It was defined as 'the
application of biomedical research (pre-clinical and clinical), conducted to support drug development, which aids in the
identification of the appropriate patient for treatment (patient selection), the correct dose and schedule to be tested in
the clinic (dosing regimen) and the best disease in which to test a potential agent‘.5

Sources of compounds Therapeutic targets

Chemical libraries — Traditional medical uses of natural products
Historical compound collections
Natural product libraries
Combinatorial libraries

— Empirical understanding of physiology and pathology

Rational synthesis = Molecular cloning of receptors and signalling molecules
Antisense oligonucleotides — Genomics
¥ e

Drug discovery screening assays

v

Lead optimisation and candidate selection

Drug development

Bennet & Brown: Clinical Pharmacology, 10th Edition. Copyright © 2008 by Churchill Livingstone

Figure 3.1 Drug discovery sources in context. Different types of chemical compounds (top left) are tested against bioassays that are relevant to
therapeutic targets, which are derived from several possible sources of information (right). The initial lead compounds discovered by the screening
process are optimised by analogue synthesis and tested for appropriate pharmacokinetic properties. The candidate compounds then enter the
development process involving regulatory toxicology studies and clinical trials.

It will be obvious from the account that follows that drug development is an extremely arduous, highly technical and
enormously expensive operation. Successful developments (1% of compounds that proceed to full test eventually



become licensed medicines) must carry the cost of the failures (99%).6 It is also obvious that such programmes are
likely to be carried to completion only when the organisations and the individuals within them are motivated overall by
the challenge to succeed and to serve society, as well as to make money. A professor of clinical pharmacology wrote:

Let us get one thing straight: the drug industry works within a system that demands it makes a profit to satisfy
shareholders. Indeed, it has a fiduciary7 duty to do so. The best way to make a lot of money is to invent a drug that
produces a dramatically beneficial clinical effect, is far more effective than existing options, and has few unwanted
effects. Unfortunately most drugs fall short of this ideal.?

TECHNIQUES OF DISCOVERY
(See Figure 3.1)

The newer technologies, the impact of which has yet to be fully felt, include the following.

Molecular modelling aided by three-dimensional computer graphics (including virtual reality) allows the design of
structures based on new and known molecules to enhance their desired, and to eliminate their undesired, properties
to create highly selective targeted compounds. In principle all molecular structures capable of binding to a single high-
affinity site can be modelled.

Combinatorial chemistry involves the random mixing and matching of large numbers of chemical building blocks
(amino acids, nucleotides, simple chemicals) to produce 'libraries’ of all possible combinations. This technology can
generate billions of new compounds that are initially evaluated using automated robotic high-throughput screening
devices that can handle thousands of compounds a day.9 If the screen records a positive response, the compound is
further investigated using traditional laboratory methods, and the molecule is manipulated to enhance selectivity
and/or potency.

Proteins as medicines: biotechnology

The targets of most drugs are proteins (cell receptors, enzymes) and it is only lack of technology that has hitherto
prevented the exploitation of proteins (and peptides) as medicines. This technology is now available, although there
are practical problems in getting the proteins to the target site in the body (they are digested when swallowed and
cross cell membranes with difficulty). Biotechnology involves the use of recombinant DNA technology/genetic
engineering to clone and express human genes, for example in microbial (Escherichia coli or yeast) cells so that they
manufacture proteins that medicinal chemists have not been able to synthesise. Such techniques can deliver
hormones and autacoids in commercial amounts (such as insulin and growth hormone, erythropoietins, cell growth
factors and plasminogen activators, interferons, vaccines and immune antibodies).

Transgenic animals (that breed true for the gene) are also being developed as models for human disease as well as
for production of medicines.

The polymerase chain reaction (PCR) is a method of gene amplification that does not require living cells; it takes place
in vitro and can produce (in a cost-effective way) commercial quantities of pure potential medicines.

Genetic medicines

Synthetic oligonucleotides are being developed to target sites on DNA sequences or genes (double-stranded DNA:
triplex approach) or messenger RNA (the antisense approach), so that the production of disease-related proteins is
blockedio'ﬂr}ese oligonucleotides offer prospects of treatment for cancers and viruses without harming healthy
tissues. ",

Gene therapy of human genetic disorders is 'a strategy in which nucleic acid, usually in the form of DNA, is
administered to modify the genetic repertoire for therapeutic purposes', e.g. cystic fibrosis. 'The era of "the gene as
drug" is clearly upon us' (R G Crystal). Significant problems remain; in particular the methods of delivery. Three
methods are available: an injection of 'naked' DNA; using a virus as carrier with DNA incorporated into its genome; or
DNA encapsulated within a liposome.

Immunopharmacology

Understanding of the molecular basis of immune responses has allowed the definition of mechanisms by which
cellular function is altered by a legion of local hormones or autacoids in, for example, infections, cancer, autoimmune
diseases, organ transplant rejection. These processes present targets for therapeutic intervention - hence the rise of
immunopharmacology.

Positron emission tomography (PET) allows non-invasive pharmacokinetic and pharmacodynamic measurements
in previously inaccessible sites, e.g. the brain in intact humans and animals.

Older approaches to the discovery of new medicines that continue in use include:



e Animal models of human disease or an aspect of it of varying relevance to humans.

e Natural products: modern technology for screening has revived interest and intensified the search.
Multinational pharmaceutical companies now scour the world for leads from microorganisms (in soil or sewage
or even from insects entombed in amber 40 million years ago), fungi, plants and animals. Developing
countries in the tropics (with their luxuriant natural resources) are prominent targets in this search and have
justly complained of exploitation ('gene robbery'). Many now require formal profit-sharing agreements to allow
such searches.

e Traditional medicine, which is being studied for possible leads to usefully active compounds.

e Modifications of the structures of known drugs: these are obviously likely to produce more agents with similar
basic properties, but may deliver worthwhile improvements. It is in this area that the 'me too' and 'me again'
drugs are developed (sometimes for purely commercial reasons).

e Random screening of synthesised and natural products.

o New uses for drugs already in general use as a result of intelligent observation and serendipity,12 or
advancing knowledge of molecular mechanisms, e.g. aspirin for antithrombotic effect.

DRUG QUALITY

It is easy for an investigator or prescriber, interested in pharmacology, toxicology and therapeutics, to forget the
fundamental importance of chemical and pharmaceutical aspects. An impure, unstable drug or formulation is useless.
Pure drugs that remain pure drugs after 5 years of storage in hot, damp climates are vital to therapeutics. The record
of manufacturers in providing this is impressive.

STUDIES IN ANIMALS™

Generally, the following are undertaken:

Pharmacodynamics - to investigate the actions relating to the proposed therapeutic use. In addition, there is a need
to investigate potential undesirable pharmacodynamic effects of the substance on physiological functions.

Pharmacokinetics - the study of the fate of the active substance and its metabolites, within the organism (absorption,
distribution, metabolism and excretion of these substances). The programme should be designed to allow comparison
and extrapolation between animal and human.

Toxicology - to reveal physiological and/or histopathological changes induced by the drug, and to determine how
these changes relate to dose." These involve:

e Acute toxicity: single-dose studies that allow qualitative and quantitative assessment of toxic reactions.

e Chronic and subchronic toxicity: repeat-dose studies to characterise the toxicological profile of a drug
following repeated administration. This includes the identification of potential target organs and exposure-
response relationships, and may include the potential for reversibility of effects.

Generally, it is desirable that tests be performed in two relevant species, based on the pharmacokinetic profile, one a
rodent and one a non-rodent. The duration of the studies depends on the conditions of clinical use and is defined by
Regulatory Agencies (Tables 3.1 & 3.2).

Table 3-1. Single and repeated dose toxicity requirements to support studies in healthy
normal volunteers (Phase 1) and in patients (Phase 2) in the European Union (EU), and
Phases 1, 2 and 3 in the USA and Japan®

Minimum duration of repeated-dose toxicity studies

Duration of clinical trial Rodents Non-rodents
Single dose 2 weeks® 2 weeks

Up to 2 weeks 2 weeks 2 weeks

Up to 1 month 1 month 1 month

Up to 3 months 3 months 3 months

Up to 6 months 6 months 6 months

>6 months 6 months Chronic®

"In Japan, if there are no Phase 2 clinical trials of equivalent duration to the planned Phase 3 trials, conduct of longer-duration toxicity studies is recommended as given in Table
3.2

?In the USA, specially designed single-dose studies with extended examinations can support single-dose clinical studies.

3Regulatory authorities may request a 12-month study or accept a 6-month study, determined on a case-by-case basis.



Table 3-2. Repeated-dose toxicity requirements to support Phase 3 studies in the EU, and
marketing in all regions *

Minimum duration of repeated-dose toxicity studies

Duration of clinical trial Rodents Non-rodents
Up to 2 weeks 1 month 1 month

Up to 1 month 3 months 3 months

Up to 3 months 6 months 3 months

>3 months 6 months Chronic?

"When a chronic non-rodent study is recommended if clinical use more than 1 month.
?Regulatory authorities may request a 12-month study or accept a 6-month study, determined on a case-by-case basis.

Genotoxicity - to reveal the changes that a drug may cause in the genetic material of individuals or cells. Mutagenic
substances present a hazard to health because exposure carries the risk of inducing germline mutation (with the
possibility of inherited disorders) and somatic mutations (including those leading to cancer). A standard battery of
investigations includes: a test for gene mutation in bacteria (e.g. the Ames test); an in vitro test with cytogenetic
evaluation of chromosomal damage with mammalian cells or an in vitro mouse lymphoma thymidine kinase (tk) assay;
an in vivo test for chromosomal damage using rodent haematopoietic cells (e.g. the mouse micronucleus test).

Carcinogenicity - to reveal carcinogenic effects. These studies are performed for any medicinal product if its
expected clinical use is prolonged (about 6 months), either continuously or repeatedly. These studies are also
recommended if there is concern about their carcinogenic potential, e.g. from a product of the same class or similar
structure, or from evidence in repeated-dose toxicity studies. Studies with unequivocally genotoxic compounds are not
needed, as they are presumed to be trans-species carcinogens, implying a hazard to humans.

Reproductive and developmental toxicity - these tests study effects on adult male or female reproductive function,
toxic and teratogenic effects at all stages of development from conception to sexual maturity and latent effects, when
the medicinal product under investigation has been administered to the female during pregnancy. Embryo/fetal toxicity
studies are normally conducted on two mammalian species, one a non-rodent. If the metabolism of a drug in particular
species is known to be similar to that in humans, it is usual to include this species. Studies in juvenile animals may
also be required prior to developing drugs for use in children.

Local tolerance - to ascertain whether drugs are tolerated at sites in the body at which they may come into contact in
clinical use. The testing strategy is such that any mechanical effects of administration or purely physicochemical
actions of the product can be distinguished from toxicological or pharmacodynamic ones.

Biotechnology-derived pharmaceuticals - present a special case and the standard regimen of toxicology studies is
not appropriate. The choice of species used depends on the expression of the relevant receptor. If no suitable species
exists, homologous proteins or transgenic animals expressing the human receptor may be studied and additional
immunological studies are required.

ETHICS AND LEGISLATION

Controversy surrounding the use of animals in scientific research is not new. The renowned Islamic physician
Avicenna (980-1037) was aware of the issues for he held that 'the experimentation must be done with the human
body, for testing a drug on a lion or a horse might not prove anything about its effect on man'."® Leonardo da Vinci
(1452-1519) predicted that one day experimentation on animals would be judged a crime, but Descartes'® asserted
that 'Animals do not speak, therefore they do not think, therefore they do not feel.' Later, Jeremy Bentham (1748-
1832), the founding father of utilitarian philosophy, asked of animals: 'The question is not, Can they reason? nor Can
they talk? but Can they suffer?'.

In our present world, billions of animals are raised to provide food and many to be used for scientific experiments. The
arguments that evolve from this activity centre on the extent to which non-human animals can be respected as
sentient beings of moral worth, albeit with differences between species. In recent years, a boisterous animal rights
movement, asserting the moral status of animals, has challenged their use as experimental subjec:ts.17 Mainstream
medical and scientific opinion around the world accepts that animal research continues to be justified, subject to
important protections. This position is based on the insight that research involving animals has contributed hugely to
advances in biological knowledge that have in turn allowed modern therapeutics to improve human morbidity and
mortality. Animal models contribute enormously to the understanding of human physiology and disease because we
share so many biological characteristics. A medicine when introduced into the organism is exposed to a vast array of
conditions that we do not fully understand and are unable to reproduce outside the living body. The study of a drug in
the whole organism gives more information, more rapidly.

Safety testing in animals is at present the only reliable way to evaluate risks before undertaking clinical trials of
potentially useful medicines in humans. The investigation of reproductive effects and potential carcinogenicity would



not be undertaken in humans for both ethical and practical reasons. Animal testing eliminates many unsafe test
materials before clinical testing on humans, and minimises the risk of possible adverse effects when people are
exposed to potential new medicines. In other words, experiments in animal models provide a critical safety check on
candidate drugs; potentially hazardous or ineffective drugs can be eliminated and for those drugs that do progress to
clinical trials, target organs identified in animal studies can be monitored.

Animal research has contributed to virtually every area of medical research, and almost all of the best known drug and
surgical treatments of the past and present owe their origins in some way to evidence from animals. The antibacterial
effectiveness of penicillin was as proved in tests on mice. Insulin came about because of research on rabbits and
dogs in the 1920s. Poliomyelitis epidemics, which until the 1950s killed and paralysed millions of children, were
consigned to history by vaccines resulting from studies on a range of laboratory animals, including monkeys. Major
heart surgery, such as coronary artery bypass grafts and heart transplants, was developed through research on dogs
and pigs. The BCG vaccine for tuberculosis was developed through research on rats and mice. Meningitis due to
Haemophilus influenzae type b, formerly common especially in children, is now almost unknown in the UK because of
a vaccine developed through work on mice and rabbits. Almost all of the highly effective drug treatments we currently
use were developed using animals: B-adrenoceptor blockers, angiotensin-converting enzyme inhibitors, cytotoxics,
analgesics, psychotropics, and so on.

Given this evidence, there is broad public support for the position that experiments on animals is a regrettable
necessity that should be limited to what is deemed essential while alternatives are developed. In the UK, for example,
this reservation is expressed in progressively more stringent legislation. The Animals (Scientific Procedures) Act 1986
makes it an offence to carry out any scientific procedure on animals except under licence, the requirements of which
include that:

Animals are only used as a last resort.

Every practical step is taken to avoid distress or suffering.

The smallest possible number of animals is used.

The potential benefits have to be weighed against the cost to the animals; the simplest or least sentient
species is used.

e The work is realistic and achievable, and the programme designed in the way most likely to produce
satisfactory results.

PREDICTION

It is frequently pointed out that regulatory guidelines are not rigid requirements to be universally applied. But whatever
the intention, they do tend to be treated as minimum requirements, if only because research directors fear to risk
holding up their expensive co-ordinated programmes with disagreements that result in their having to go back to the
laboratory, with consequent delay and financial loss. Knowledge of the mode of action of a potential new drug
obviously greatly enhances prediction from animal studies of what will happen in humans. Whenever practicable, such
knowledge should be obtained; sometimes this is quite easy, but sometimes it is impossible. Many drugs have been
introduced safely without such knowledge, the later acquisition of which has not always made an important difference
to their use (e.g. antimicrobials). Pharmacological studies are integrated with those of the toxicologist to build up a
picture of the undesired as well as the desired drug effects.

In pharmacological testing, the investigators know what they are looking for and choose the experiments to gain their
objectives.

In toxicological testing, the investigators have a less clear idea of what they are looking for; they are screening for risk,
unexpected as well as predicted, and certain major routines must be done. Toxicity testing is therefore liable to
become mindless routine to meet regulatory requirements to a greater extent than the pharmacological studies. The
predictive value of special toxicology (above) is particularly controversial. All drugs are poisons if enough is given, and
the task of the toxicologist is to find out whether, where and how a compound acts as a poison to animals, and to give
an opinion on the significance of the data in relation to risks likely to be run by human beings. This will remain a nearly
impossible task until molecular explanations of all effects can be provided.

Toxicologists are in an unenviable position. When a useful drug is safely introduced, they are considered to have done
no more than their duty. When an accident occurs, they are invited to explain how this failure of prediction came
about. When they predict that a chemical is unsafe in a major way for humans, this prediction is never tested.

ORPHAN DRUGS AND DISEASES

A free-market economy is liable to leave untreated, rare diseases, e.g. some cancers (in all countries), and some
common diseases, e.g. parasitic infections (in poor countries).

When a drug is not developed into a usable medicine because the developer will not recover the costs, it is known as



an orphan drug, and the disease is an orphan disease; the sufferer is a health orphan.18 Drugs for rare diseases
inevitably must often be licensed on less than ideal amounts of clinical evidence. The remedy for these situations lies
in government itself undertaking drug development (which is likely to be inefficient) or in government-offered
incentives, such as tax relief, subsidies, exclusive marketing rights, to pharmaceutical companies and, in the case of
poor countries, international aid programmes; such programmes are being implemented.19
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4 Evaluation of drugs in humans

SYNOPSIS
This chapter is about evidence-based drug therapy.

New drugs are progressively introduced by clinical pharmacological studies in rising numbers
of healthy and/or patient volunteers until sufficient information has been gained to justify
formal therapeutic studies. Each of these is usually a randomised controlled trial, in which a
precisely framed question is posed and answered by treating equivalent groups of patients in
different ways.

The key to the ethics of such studies is informed consent from patients, efficient scientific
design and review by an independent research ethics committee. The key interpretative
factors in the analysis of trial results are calculations of confidence intervals and statistical
significance. Potential clinical significance develops within the confines of controlled clinical
trials. This is best expressed by stating not only the percentage differences, but also the
absolute difference or its reciprocal, the number of patients who have to be treated to obtain
one desired outcome. The outcome might include both efficacy and safety.

Surveillance studies and the reporting of spontaneous adverse reactions respectively
determine the clinical profile of the drug and detect rare adverse events. Further trials to
compare new medicines with existing medicines are also required. These form the basis of
cost-effectiveness comparisons.

Topics include:

Experimental therapeutics

Ethics of research

Rational introduction of a new drug
Need for statistics

Types of trial: design, size
Meta-analysis
Pharmacoepidemiology

EXPERIMENTAL THERAPEUTICS

As the number of potential medicines produced increases, the problem of whom to test them on grows. There are two
main groups: healthy volunteers and volunteer patients (plus, rarely, non-volunteer patients). Studies in healthy
normal volunteers can help to determine the safety, tolerability, pharmacokinetics and, for some drugs (e.g.
anticoagulants and anaesthetic agents), their dynamic effect. For most drugs, the dynamic effect and hence
therapeutic potential can be investigated only in patients, e.g. drugs for parkinsonism and antimicrobials. These two
groups of subjects for drug testing are complementary, not mutually exclusive in drug development. Introduction of
novel agents into both groups poses ethical and scientific problems (see below). There are four main reasons why
doctors should have grounding in the knowledge and application of the principles of experimental therapeutics:

1. The optimal selection of a specific dose of a drug for a specific patient should be based on good clinical
research. To some extent, every new administration to a patient is an exercise in experimental therapeutics.

2. Increasingly, doctors are personally involved.

3. Good therapeutic research alters clinical practice.

4. Such study provides an exercise in ethical and logical thinking.

Plainly, doctors cannot read in detail and evaluate for themselves all the published studies (often hundreds) that might
influence their practice. They therefore turn to specialist research articles and abstracts’ including meta-analyses (see
p. 54) for guidance, but readers must approach these critically.

Modern medicine is sometimes accused of callous application of science to human problems and of subordinating the
interest of the individual to those of the group (society).2 Official regulatory bodies rightly require scientific evaluation of
drugs. Drug developers need to satisfy the official regulators and they also seek to persuade an increasingly
sophisticated medical profession to prescribe their products. Patients, too, are far more aware of the comparative
advantages and limitations of their medicines than they used to be. For these reasons, scientific drug evaluation as
described here is likely to increase in volume and the doctors involved will be held responsible for the ethics of what
they do, even if they played no personal part in the study design. Therefore, we provide a brief discussion of some
relevant ethical aspects (and particularly of the randomised controlled trial).

RESEARCH INVOLVING HUMAN SUBJECTS



"The definition of research continues to present difficulties. The distinction between medical research and innovative
medical practice derives from the intent. In medical practice the sole intention is to benefit the individual patient
consulting the clinician, not to gain knowledge of general benefit, though such knowledge may incidentally emerge
from the clinical experience gained. In medical research the primary intention is to advance knowledge so that patients
in general may benefit; the individual patient may or may not benefit directly.” Consider also the process of audit,
which is used extensively to assess performance, e.g. by individual healthcare workers, by departments within
hospitals or between hospitals. Audit is a systematic examination designed to determine the degree to which an action
or set of actions achieves predetermined objectives. It can be used to address, for example, the delivery of service to
patients passing through selected areas of a healthcare system with the objective of identifying under-performance
and improving standards in the future; there is no added intervention in the care that patients receive.

A distinction has been made between research that is therapeutic, i.e. which may actually have a therapeutic effect or
provide information that can be used to help the participating subjects, and that which is non-therapeutic, i.e. which
provides information that cannot be of direct use to them, e.g. healthy volunteers always and patients sometimes. This
is a somewhat artificial separation, because some ftrials that are 'therapeutic', i.e. involve use of new potential
medicines, may, by including a placebo in their design, confer no therapeutic benefit for some participants nor may the
new trial medicine be given for sufficient time to judge its long term clinical benefit. Research may also be
experimental (involving psychologically intrusive or physically invasive intervention) or solely observational
(sometimes called non-interventional) (including epidemiology).

Ethics of research in humans*

Some dislike the word 'experiment' in relation to humans, thinking that its mere use implies a degree of impropriety in
what is done. It is better that all should recognise from the true meaning of the word, 'to ascertain or establish by trial',”
that the benefits of modern medicine derive almost wholly from experimentation and that some risk is inseparable from
much medical advance.

The issue of (adequately informed) consent is a principal concern for Research Ethics Committees (also called
Institutional Review Boards). People have the right to choose for themselves whether or not they will participate in
research, i.e. they have the right to self-determination (expressing the ethical principle of autonomy). They should be
given whatever information is necessary for making an adequately informed choice (consent) with the right to
withdraw at any stage. Consent procedures, especially information on risks, loom larger in research (particularly
where it is non-therapeutic) than they do in medical practice.

The moral obligation of all doctors lies in ensuring that in their desire to help patients (the ethical principal of
beneficence) they should never allow themselves to put the individual who has sought their aid at any disadvantage
(the ethical principal of non-maleficence) for 'the scientist or physician has no right to choose martyrs for society'.

It is proper to perform a therapeutic trial only when doctors (and patients) have genuine uncertainty as to which
treatment is best.” Sometimes (and uncommonly) there is a real feeling that a new drug will turn out to be the more
valuable medicine. Much more often, the probability is that a new drug will be broadly equivalent to current therapy
with possible advantages for some patients. Indeed, much of the testing of new drugs is undertaken in the search for
small advantages such as better therapeutic efficacy or tolerability in some sections of the population, for example due
to age, genetics or race. Indeed, the definition of such differences is essential for the effective selection of drugs in
medical practice.

It is, of course, more difficult to justify a new treatment when existing treatments are good than when they are bad,
and this difficulty is likely to grow. The need of future patients who may benefit from the results of a study must be
balanced against the needs of patients who are actually taking part, some of whom will receive a new (and possibly
less effective) treatment. A fair judgement requires the exercise of the ethical principle of justice.8

The ethics of the randomised and placebo controlled trial

History, including recent history, is replete with examples of even the best-intentioned doctors being wrong about the
efficacy and safety of (new) treatments. This situation can and should be remedied by the ethical employment of
science.

The use of a placebo (or dummy) raises both ethical and scientific issues (see placebo medicines and the placebo
effect, Chapter 1). There are clear-cut cases when placebo use would be ethically unacceptable and scientifically

unnecessary, e.g. drug trials in epilepsy and tuberculosis, when the control groups comprise patients receiving the
best available therapy.

The pharmacologically inert (placebo) treatment arm of a trial is useful:

o To distinguish the pharmacodynamic effects of a drug from the psychological effects of the act of medication



and the circumstances surrounding it, e.g. increased interest by the doctor, more frequent visits, for these
latter may have their placebo effect. Placebo responses have been reported in 30-50% of patients with
depression and in 30-80% with chronic stable angina pectoris.

e To distinguish drug effects from natural fluctuations in disease that occur with time, e.g. with asthma or hay
fever, and other external factors, provided active treatment, if any, can be ethically withheld. This is also called
the 'assay sensitivity' of the trial.

e To avoid false conclusions. The use of placebos is valuable in Phase | healthy volunteer studies of novel
drugs to help determine whether minor but frequently reported adverse events are drug related or not.
Although a placebo treatment can pose ethical problems, it is often preferable to the continued use of
treatments of unproven efficacy or safety. The ethical dilemma of subjects suffering as a result of receiving a
placebo (or ineffective drug) can be overcome by designing clinical trials that provide mechanisms to allow
them to be withdrawn (‘escape') when defined criteria are reached, e.g. blood pressure above levels that
represent treatment failure. Similarly, placebo (or new drug) can be added against a background of
established therapy; this is called the 'add on' design.

e To provide a result using fewer research subjects. The difference in response when a test drug is compared
with a placebo is likely to be greater than that when a test drug is compared with the best current, i.e. active,
therapy (see p. 48).

Investigators who propose to use a placebo, or otherwise withhold effective treatment, should specifically justify their
intention. The variables to consider are:

e The severity of the disease.

o The effectiveness of standard therapy.

e Whether the novel drug under test aims to give only symptomatic relief, or has the potential to prevent or slow
up an irreversible event, e.g. stroke or myocardial infarction.

e The length of treatment.

o The objective of the trial (equivalence, superiority or non-inferiority; see p. 51). Thus it may be quite ethical to
compare a novel analgesic against placebo for 2 weeks in the treatment of osteoarthritis of the hip (with
escape analgesics available). It would not be ethical to use a placebo alone as comparator in a 6-month trial
of a novel drug in active rheumatoid arthritis, even with escape analgesia.

The precise use of the placebo will depend on the study design, e.g. whether cross-over, when all patients receive
placebo at some point in the trial, or parallel group, when only one cohort receives placebo. Generally, patients easily
understand the concept of distinguishing between the imagined effects of treatment and those due to a direct action
on the body. Provided research subjects are properly informed and give consent freely, they are not the subject of
deception in any ethical sense; but a patient given a placebo in the absence of consent is deceived and research
ethics committees will, rightly, decline to agree to this (but see Lewis et al 2002, p. 60).

Injury to research subjects®

The question of compensation for accidental (physical) injury due to participation in research is a vexed one. Plainly
there are substantial differences between the position of healthy volunteers (whether or not they are paid) and that of
patients who may benefit and, in some cases, who may be prepared to accept even serious risk for the chance of
gain. There is no simple answer. But the topic must always be addressed in any research carrying risk, including the
risk of withholding known effective treatment.

The CIOMS/WHO Guidelines* state:

Research subjects who suffer physical injury as a result of their participation are entitled to such financial or other
assistance as would compensate them equitably for any temporary or permanent impairment or disability. In the case
of death, their dependents are entitled to material compensation. The right to compensation may not be waived.
Therefore, when giving their informed consent to participate, research subjects should be told whether there is
provision for compensation in case of physical injury, and the circumstances in which they or their dependants would
receive it.

Payment of subjects in clinical trials

Healthy volunteers are usually paid to take part in a clinical trial. The rationale is that they will not benefit from
treatment received and should be compensated for discomfort and inconvenience. There is a fine dividing line
between this and a financial inducement, but it is unlikely that more than a small minority of healthy volunteer studies
would now take place without a 'fee for service' provision, including 'out of pocket' expenses. It is all the more
important that the sums involved are commensurate with the invasiveness of the investigations and the length of the
studies. The monies should be declared and agreed by the ethics committee.

There is an intuitive abreaction by physicians to pay patients (compared with healthy volunteers), because they feel
the accusation of inducement or persuasion could be levelled at them, and because they assuage any feeling of



taking advantage of the doctor-patient relationship by the hope that the medicines under test may be of benefit to the
individual. This is not an entirely comfortable position. ™

RATIONAL INTRODUCTION OF A NEW DRUG TO HUMANS

When studies in animals predict that a new molecule may be a useful medicine, i.e. effective and safe in relation to its
benefits, then the time has come to put it to the test in humans. Most doctors will be involved in clinical trials at some
stage of their career and need to understand the principles of drug development. When a new chemical entity offers a
possibility of doing something that has not been done before or of doing something familiar in a different or better way,
it can be seen to be worth testing. But where it is a new member of a familiar class of drug, potential advantage may
be harder to detect. Yet these 'me too' drugs are often worth testing. Prediction from animal studies of modest but
useful clinical advantage is particularly uncertain and, therefore, if the new drug seems reasonably effective and safe
in animals it is rational to test it in humans. From the commercial standpoint, the investment in the development of a
new drug can be in the order of £500 million, but will be substantially less for a 'me too' drug entering an already
developed and profitable market.

PHASES OF CLINICAL DEVELOPMENT

Human experiments progress in a commonsense manner that is conventionally divided into four phases. These
phases are divisions of convenience in what is a continuous expanding process. It begins with a small number of
subjects (healthy subjects and volunteer patients) closely observed in laboratory settings, and proceeds through
hundreds of patients, to thousands before the drug is agreed to be a medicine by a national or international regulatory
authority. It is then licensed for general prescribing (though this is by no means the end of the evaluation). The
process may be abandoned at any stage for a variety of reasons, including poor tolerability or safety, inadequate
efficacy and commercial pressures. The phases are:

¢ Phase 1. Human pharmacology (20 to 50 subjects)
o0 healthy volunteers or volunteer patients, according to the class of drug and its safety
o0 pharmacokinetics (absorption, distribution, metabolism, excretion)
o0 pharmacodynamics (biological effects) where practicable, tolerability, safety, efficacy.
o Phase 2. Therapeutic exploration (50 to 300 subjects)
0 patients
0 pharmacokinetics and pharmacodynamic dose-ranging, in carefully controlled studies for efficacy and
safety,11 which may involve comparison with placebo.
e Phase 3. Therapeutic confirmation (randomised controlled trials; 250 to 1000+ subjects)
0 patients
o efficacy on a substantial scale; safety; comparison with existing drugs.
e Phase 4. Therapeutic use (pharmacovigilance, post-licensing studies) (2000 to 10 000+ subjects)
o surveillance for safety and efficacy: further formal therapeutic trials, especially comparisons with other
drugs, marketing studies and pharmacoeconomic studies.

OFFICIAL REGULATORY GUIDELINES AND REQUIREMENTS"

For studies in humans (see also Chapter 5) these ordinarily include:

¢ Studies of pharmacokinetics and (when other manufacturers have similar products) of bioequivalence (equal
bioavailability) with alternative products.

e Therapeutic trials (reported in detail) that substantiate the safety and efficacy of the drug under likely
conditions of use, e.g. a drug for long-term use in a common condition will require a total of at least 1000
patients (preferably more), depending on the therapeutic class, of which at least 100 have been treated
continuously for about 1 year.

e Special groups. If the drug will be used in, for example, the elderly, then elderly people should be studied if
there are reasons for thinking they may react to or handle the drug differently. The same applies to children
and to pregnant women (who present a special problem), and who, if they are not studied, may be excluded
from licensed uses and so become health 'orphans'. Studies in patients having disease that affects drug
metabolism and elimination may be needed, such as patients with impaired liver or kidney function.

e Fixed-dose combination products will require explicit justification for each component.

e Interaction studies with other drugs likely to be taken simultaneously. Plainly, all possible combinations cannot
be evaluated; an intelligent choice, based on knowledge of pharmacodynamics and pharmacokinetics, is
made.

e The application for a licence for general use (marketing application) should include a draft Summary of
Product Characteristics for prescribers. A Patient Information Leaflet must be submitted. These should include
information on the form of the product (e.g. tablet, capsule, sustained-release, liquid), its uses, dosage (adults,
children, elderly where appropriate), contraindications (strong recommendation), warnings and precautions



(less strong), side-effects/adverse reactions, overdose and how to treat it.

The emerging discipline of pharmacogenomics seeks to identify patients who will respond beneficially or adversely to
a new drug by defining certain genotypic profiles. Individualised dosing regimens may be evolved as a result. This
tailoring of drugs to individuals is consuming huge resources from drug developers but has yet to establish a place in
routine drug development.

THERAPEUTIC INVESTIGATIONS
There are three key questions to be answered during drug development:

e Does it work?
e Isitsafe?
e \What is the dose?

With few exceptions, none of these is easy to answer definitively within the confines of a pre-registration clinical trials
programme. Effectiveness and safety have to be balanced against each other. What may be regarded as 'safe’ for a
new oncology drug in advanced lung cancer would not be so regarded in the treatment of childhood eczema. The use
of the term 'dose’, without explanation, is irrational as it implies a single dose for all patients. Pharmaceutical
companies cannot be expected to produce a large array of different doses for each medicine, but the maxim to use
the smallest effective dose that results in the desired effect holds true. Some drugs require titration, others have a
wide safety margin so that one 'high' dose may achieve optimal effectiveness with acceptable safety. There are two
classes of endpoint or outcome of a therapeutic investigation:

The therapeutic effect itself (sleep, eradication of infection), i.e. the outcome.

A surrogate effect, a short-term effect that can be reliably correlated with long-term therapeutic benefit, e.g.
blood lipids or glucose or blood pressure. A surrogate endpoint might also be a pharmacokinetic parameter, if
it is indicative of the therapeutic effect, e.g. plasma concentration of an antiepileptic drug.

Use of surrogate effects presupposes that the disease process is fully understood. They are best justified in diseases
for which the true therapeutic effect can be measured only by studying large numbers of patients over many years.
Such long-term outcome studies are indeed always preferable but may be impracticable on organisational, financial
and sometimes ethical grounds prior to releasing new drugs for general prescription. It is in areas such as these that
the techniques of large-scale surveillance for efficacy, as well as for safety, under conditions of ordinary use (below),
would be needed to supplement the necessarily smaller and shorter formal therapeutic trials employing surrogate
effects. Surrogate endpoints are of particular value in early drug development to select candidate drugs from a range
of agents.

Therapeutic evaluation

The aims of therapeutic evaluation are three-fold:

1. To assess the efficacy, safety and quality of new drugs to meet unmet clinical needs
2. To expand the indications for the use of current drugs (or generic drugsm) in clinical and marketing terms
3. To protect public health over the lifetime of a given drug.

The process of therapeutic evaluation may be divided into pre- and post-registration phases (Table 4.1), the purposes
of which are set out below.

When a new drug is being developed, the first therapeutic trials are devised to find out the best that the drug can do
under conditions ideal for showing efficacy, e.g. uncomplicated disease of mild to moderate severity in patients taking
no other drugs, with carefully supervised administration by specialist doctors. Interest lies particularly in patients who
complete a full course of treatment. If the drug is ineffective in these circumstances there is no point in proceeding
with an expensive development programme. Such studies are sometimes called explanatory trials as they attempt to
'explain' why a drug works (or fails to work) in ideal conditions.



Table 4-1. Process of therapeutic evaluation

Pre-registration Post-registration
Pharmaceutical Regulatory Pharmaceutical
company authority company Regulatory authority
Purpose of To select best To satisfy the To promote drug to |To add to indications
therapeutic candidate for regulatory authority |expand the market |(by variation to licence)
evaluation development and on efficacy, safety and to add evolving
registration and quality safety information

If the drug is found useful in these trials, it becomes desirable next to find out how closely the ideal may be
approached in the rough and tumble of routine medical practice: in patients of all ages, at all stages of disease, with
complications, taking other drugs and relatively unsupervised. Interest continues in all patients from the moment they
are entered into the trial and it is maintained if they fail to complete, or even to start, the treatment; the need is to know
the outcome in all patients deemed suitable for therapy, not only in those who successfully complete therapy.14

The reason some drop out may be related to aspects of the treatment and it is usual to analyse these according to the
clinicians' initial intention (intention-to-treat analysis), i.e. investigators are not allowed to risk introducing bias by
exercising their own judgement as to who should or should not be excluded from the analysis. In these real-life, or
'naturalistic’, conditions the drug may not perform so well, e.g. minor adverse effects may now cause patient non-
compliance, which had been avoided by supervision and enthusiasm in the early trials. These naturalistic studies are
sometimes called 'pragmatic’ trials.

The methods used to test the therapeutic value depend on the stage of development, who is conducting the study (a
pharmaceutical company, or an academic body or health service at the behest of a regulatory authority), and the
primary endpoint or outcome of the trial. The methods include:

o Formal therapeutic trials.
e Equivalence and non-inferiority trials.
e Safety surveillance methods.

Formal therapeutic trials are conducted during Phase 2 and Phase 3 of pre-registration development, and in the post-
registration phase to test the drug in new indications. Equivalence trials aim to show the therapeutic equivalence of
two treatments, usually the new drug under development and an existing drug used as a standard active comparator.
Equivalence trials may be conducted before or after registration for the first therapeutic indication of the new drug (see
p. 000 for further discussion). Safety surveillance methods use the principles of pharmacoepidemiology (see p. 000)
and are concerned mainly with evaluating adverse events and especially rare events, which formal therapeutic trials
are unlikely to detect.

NEED FOR STATISTICS

In order truly to know whether patients treated in one way are benefited more than those treated in another, it is
essential to use numbers. Statistics has been defined as 'a body of methods for making wise decisions in the face of
uncertainty'.15 Used properly, they are tools of great value for promoting efficient therapy. More than 100 years ago
Francis Galton saw this clearly:

The human mind is ... a most imperfect apparatus for the elaboration of general ideas ... In our general impressions
far too great weight is attached to what is marvellous ... Experience warns us against it, and the scientific man takes
care to base his conclusions upon actual numbers ... to devise tests by which the value of beliefs may be
ascertained.®

CONCEPTS AND TERMS
Hypothesis of no difference

When it is suspected that treatment A may be superior to treatment B and the truth is sought, it is convenient to start
with the proposition that the treatments are equally effective - the 'no difference' hypothesis (null hypothesis). After two
groups of patients have been treated and it has been found that improvement has occurred more often with one
treatment than with the other, it is necessary to decide how likely it is that this difference is due to a real superiority of
one treatment over the other. To make this decision we need to understand two major concepts, statistical
significance and confidence intervals.

A statistical significance test'” such as the Student's t test or the chi squared (xz) test will tell how often an observed
difference would occur due to chance (random influences) if there is, in reality, no difference between the treatments.
Where the statistical significance test shows that an observed difference would occur only five times if the experiment
were repeated 100 times, this is often taken as sufficient evidence that the null hypothesis is unlikely to be true.
Therefore, the conclusion is that there is (probably) a real difference between the treatments. This level of probability



is generally expressed in therapeutic trials as: 'the difference was statistically significant', or 'significant at the 5% level'
or'P = 0.05' (P is the probability based on chance alone). Statistical significance simply means that the result is
unlikely to have occurred if there was no genuine treatment difference, i.e. there probably is a difference.

If the analysis reveals that the observed difference, or greater, would occur only once if the experiment were repeated
100 times, the results are generally said to be 'statistically highly significant', or 'significant at the 1% level' or 'P =
0.01".

Confidence intervals. The problem with the P value is that it conveys no information on the amount of the differences
observed or on the range of possible differences between treatments. A result that a drug produces a uniform 2%
reduction in heart rate may well be statistically significant but it is clinically meaningless. What doctors are interested
to know is the size of the difference, and what degree of assurance (confidence) they may have in the precision

(reproducibility) of this estimate. To obtain this it is necessary to calculate a confidence interval (see Figs 4.1 & 4.2)."

95% Confidence Interval

. a , Superiority shown
P=0.002 b 2 ' 'more strongly
P=0.05 : | Superiority shown

Control O New treatment

better better
Treatment difference

Bennet & Brown: Clinical Pharmacology, 10th Edition. Copyright @ 2008 by Churchill Livingstone

Figure 4.1 Relationship between significance tests and confidence intervals for the comparisons between a new treatment and control. The
treatment differences a, b, c are all in favour of 'New treatment', but superiority is shown only in A and B. In C, superiority has not been shown. This
may be because the effect is small and not detected. The result, nevertheless, is compatible with equivalence or non-inferiority. Adequate precision

and power are assumed for all the trials.
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Figure 4.2 Power curves - an illustrative method of defining the number of subjects required in a given study. In practice, the actual number would
be calculated from standard equations. In this example the curves are constructed for 16, 40, 100 and 250 subjects per group in a two-limb
comparative trial. The graphs can provide three pieces of information: (1) the number of subjects that need to be studied, given the power of the trial
and the difference expected between the two treatments; (2) the power of a trial, given the number of subjects included and the difference expected;
and (3) the difference that can be detected between two groups of subjects of given number, with varying degrees of power. (With permission from
Baber N, Smith R N, Griffin J P, O'Grady J, D'Arcy P F (eds) 1998 Textbook of pharmaceutical medicine, 3rd edn. Queen's University of Belfast
Press, Belfast.)

A confidence interval expresses a range of values that contains the true value with 95% (or other chosen percentage)
certainty. The range may be broad, indicating uncertainty, or narrow, indicating (relative) certainty. A wide confidence
interval occurs when numbers are small or differences observed are variable and points to a lack of information,
whether the difference is statistically significant or not; it is a warning against placing much weight on (or confidence
in) the results of small or variable studies. Confidence intervals are extremely helpful in interpretation, particularly of
small studies, as they show the degree of uncertainty related to a result. Their use in conjunction with non-significant
results may be especially enlightening.'

A finding of 'not statistically significant' can be interpreted as meaning there is no clinically useful difference only if the
confidence intervals for the results are also stated in the report and are narrow. If the confidence intervals are wide, a
real difference may be missed in a trial with a small number of subjects, i.e. absence of evidence that there is a
difference is not the same as showing that there is no difference. Small numbers of patients inevitably give low
precision and low power to detect differences.

Types of error

The above discussion provides us with information on the likelihood of falling into one of the two principal kinds of
error in therapeutic experiments, for the hypothesis that there is no difference between treatments may either be
accepted incorrectly or rejected incorrectly.



Type | error (a) is the finding of a difference between treatments when in reality they do not differ, i.e. rejecting the
null hypothesis incorrectly. Investigators decide the degree of this error which they are prepared to tolerate on a scale
in which 0 indicates complete rejection of the null hypothesis and 1 indicates its complete acceptance; clearly the level
for a must be set near to 0. This is the same as the significance level of the statistical test used to detect a difference
between treatments. Thus a (or P = 0.05) indicates that the investigators will accept a 5% chance that an observed
difference is not a real difference.

Type Il error (B) is the finding of no difference between treatments when in reality they do differ, i.e. accepting the null
hypothesis incorrectly. The probability of detecting this error is often given wider limits, e.g. f = 0.1-0.2, which
indicates that the investigators are willing to accept a 10-20% chance of missing a real effect. Conversely, the power
of the study (1 - B) is the probability of avoiding this error and detecting a real difference, in this case 80-90%.

It is up to the investigators to decide the target difference® and what probability level (for either type of error) they will
accept if they are to use the result as a guide to action.

Plainly, trials should be devised to have adequate precision and power, both of which are consequences of the size of
study. It is also necessary to make an estimate of the likely size of the difference between treatments, i.e. the target
difference. Adequate power is often defined as giving an 80-90% chance of detecting (at 1-5% statistical significance,
P =0.01-0.05) the defined useful target difference (say 15%). It is rarely worth starting a trial that has less than a 50%
chance of achieving the set objective, because the power of the trial is too low.

TYPES OF THERAPEUTIC TRIAL

a carefully, and ethically, designed experiment with the aim of answering some precisely framed question. In its most
rigorous form it demands equivalent groups of patients concurrently treated in different ways or in randomised
sequential order in crossover designs. These groups are constructed by the random allocation of patients to one or
other treatment ... In principle the method has application with any disease and any treatment. It may also be applied
on any scale; it does not necessarily demand large numbers of patients.”’

A therapeutic trial is: This is the classical randomised controlled trial (RCT), the most secure method for drawing a
causal inference about the effects of treatments. Randomisation attempts to control biases of various kinds when
assessing the effects of treatments. RCTs are employed at all phases of drug development and in the various types
and designs of trials discussed below. Fundamental to any trial are:

A hypothesis.

Definition of the primary endpoint.
The method of analysis.

A protocol.

Other factors to consider when designing or critically appraising a trial are the:

Characteristics of the patients.

General applicability of the results.

Size of the trial.

Method of monitoring.

Use of interim analyses.?

Interpretation of subgroup comparisons.

The aims of a therapeutic trial, not all of which can be attempted at any one occasion, are to decide:

Whether a treatment is effective.

The magnitude of that effect (compared with other remedies or placebo).

The types of patients in whom it is effective.

The best method of applying the treatment (how often, and in what dosage if it is a drug).
The disadvantages and dangers of the treatment.

Dose-response trials

Response in relation to the dose of a new investigational drug may be explored in all phases of drug development.
Dose-response trials serve a number of objectives, of which the following are of particular importance:

e Confirmation of efficacy (hence a therapeutic trial).



Investigation of the shape and location of the dose-response curve.

The estimation of an appropriate starting dose.

The identification of optimal strategies for individual dose adjustments.

The determination of a maximal dose beyond which additional benefit is unlikely to occur.

Superiority, equivalence and non-inferiority in clinical trials

The therapeutic efficacy of a novel drug is most convincingly established by demonstrating superiority to placebo, or to
an active control treatment, or by demonstrating a dose-response relationship (as above).

In some cases, however, the purpose of a comparison is to show not necessarily superiority, but either equivalence or
non-inferiority. The objectives of such trials are to avoid the use of a placebo, to explore possible advantages of
safety, dosing convenience and cost, and to present an alternative or 'second-line' therapy.

Examples of possible outcome in a 'head to head' comparison of two active treatments appear in Figure 4.1.

There are in general, two types of equivalence trials in clinical development: bio-equivalence and clinical equivalence.
In the former, certain pharmacokinetic variables of a new formulation have to fall within specified (and regulated)
margins of the standard formulation of the same active entity. The advantage of this type of trial is that, if
bioequivalence is 'proven’, then proof of clinical equivalence is not required. Proof of clinical equivalence of a generic
product to the marketed product can be much more difficult to demonstrate.

DESIGN OF TRIALS
Techniques to avoid bias
The two most important techniques are:

e Randomisation.
e Blinding.

Randomisation

Introduces a deliberate element of chance into the assignment of treatments to the subjects in a clinical trial. It
provides a sound statistical basis for the evaluation of the evidence relating to treatment effects, and tends to produce
treatment groups that have a balanced distribution of prognostic factors, both known and unknown. Together with
blinding, it helps to avoid possible bias in the selection and allocation of subjects.

Randomisation may be accomplished in simple or more complex ways, such as:

e Sequential assignments of treatments (or sequences in crossover trials).

¢ Randomising subjects in blocks. This helps to increase comparability of the treatment groups when subject
characteristics change over time or there is a change in recruitment policy. It also gives a better guarantee
that the treatment groups will be of nearly equal size.

e By dynamic allocation, in which treatment allocation is influenced by the current balance of allocated
treatments.”®

Blinding

The fact that both doctors and patients are subject to bias due to their beliefs and feelings has led to the invention of
the double-blind technique, which is a control device to prevent bias from influencing results. On the one hand, it rules
out the effects of hopes and anxieties of the patient by giving both the drug under investigation and a placebo
(dummy) of identical appearance in such a way that the subject (the first 'blind' person) does not know which he or she
is receiving. On the other hand, it also rules out the influence of preconceived hopes of, and unconscious
communication by, the investigator or observer by keeping him or her (the second 'blind' person) ignorant of whether
he or she is prescribing a placebo or an active drug. At the same time, the technique provides another control, a
mear;lszgf comparison with the magnitude of placebo effects. The device is both philosophically and practically

sound.

A non-blind trial is called an open trial.
The double-blind technique should be used wherever possible, and especially for occasions when it might at first sight

seem that criteria of clinical improvement are objective when in fact they are not. For example, the range of voluntary
joint movement in rheumatoid arthritis has been shown to be influenced greatly by psychological factors, and a



moment's thought shows why, for the amount of pain patients will put up with is influenced by their mental state.

Blinding should go beyond the observer and the observed. None of the investigators should be aware of treatment
allocation, including those who evaluate endpoints, assess compliance with the protocol and monitor adverse events.
Breaking the blind (for a single subject) should be considered only when the subject's physician deems knowledge of
the treatment assignment essential in the subject's best interests.

Sometimes the double-blind technique is not possible, because, for example, side-effects of an active drug reveal
which patients are taking it or tablets look or taste different; but it never carries a disadvantage (‘only protection
against biased data'). It is not, of course, used with new chemical entities fresh from the animal laboratory, whose
dose and effects in humans are unknown, although the subject may legitimately be kept in ignorance (single blind) of
the time of administration. Single-blind techniques have a place in therapeutics research, but only when the double-
blind procedure is impracticable or unethical.

Ophthalmologists are understandably disinclined to refer to the double-blind technique; they call it double-masked.

SOME COMMON DESIGN CONFIGURATIONS
Parallel group design

This is the most common clinical trial design for confirmatory therapeutic (Phase 3) trials. Subjects are randomised to
one of two or more treatment 'arms'. These treatments will include the investigational drug at one or more doses, and
one or more control treatments such as placebo and/or an active comparator. Parallel group designs are particularly
useful in conditions that fluctuate over a short term, e.g. migraine or irritable bowel syndrome, but are also used for
chronic stable diseases such as Parkinson's disease and types of cancer. The particular advantages of the parallel
group design are simplicity, the ability to approximate more closely the likely conditions of use, and the avoidance of
‘carry-over effects' (see below).

Cross-over design

In this design, each subject is randomised to a sequence of two or more treatments, and hence acts as his or her own
control for treatment comparisons. The advantage of this design is that subject-to-subject variation is eliminated from
treatment comparison so that number of subjects is reduced.

In the basic cross-over design each subject receives each of the two treatments in a randomised order. There are
variations to this in which each subject receives a subset of treatments or ones in which treatments are repeated
within the same subject (to explore the reproducibility of effects).

The main disadvantage of the cross-over design is carry-over, i.e. the residual influence of treatments on subsequent
treatment periods. This can be avoided to some extent by separating treatments with a 'wash-out' period and, more
importantly, by selecting treatment lengths based on a knowledge of the disease and the new medication. The cross-
over design is best suited for chronic stable diseases e.g. hypertension, chronic stable angina pectoris, where the
baseline conditions are attained at the start of each treatment arm. The pharmacokinetic characteristics of the new
medication are also important, the principle being that the plasma concentration at the start of the next dosing period
is zero and no dynamic effect can be detected.

Factorial designs

In the factorial design, two or more treatments are evaluated simultaneously through the use of varying combinations
of the treatments. The simplest example is the 2 x 2 factorial design in which subjects are randomly allocated to one
of four possible combinations of two treatments A and B. These are: A alone, B alone, A + B, neither A nor B
(placebo). The main uses of the factorial design are to:

o make efficient use of clinical trial subjects by evaluating two treatments with the same number of individuals

e examine the interaction of A with B

e establish dose-response characteristics of the combination of A and B when the efficacy of each has been
previously established.

Multicentre trials

Multicentre trials are carried out for two main reasons. First, they are an efficient way of evaluating a new medication,
by accruing sufficient subjects in a reasonable time to satisfy trial objectives. Second, multicentre trials may be
designed to provide a better basis for the subsequent generalisation of their findings. Thus they provide the possibility
of recruiting subjects from a wide population and of administering the medication in a broad range of clinical settings.
Multicentre trials can be used at any phase in clinical development, but are especially valuable when used to confirm
therapeutic value in Phase 3.



The main potential problem with a multicentre clinical trial is that heterogeneity of treatment effects between centres
may create difficulty in arriving at a single interpretation. This is not as big a problem as is sometimes painted, and
large-scale multicentre trials using minimised data collection techniques and simple endpoints have been of immense
value in establishing modest but real treatment effects that apply to a large number of patients, e.g. drugs that improve
survival after myocardial infarction.

N-of-1 trials

Patients give varied treatment responses and the average effect derived from a population sample may not be helpful
in expressing the size of benefit or harm for an individual. In the future pharmacogenomics may provide an answer,
but in the meantime the best way to settle doubt as to whether a test drug is effective for an individual patient is the n-
of-1 trial. This is a cross-over design in which each patient receives two or more administrations of drug or placebo in
random manner; the results from individuals can then be displayed. Two conditions apply. First, the disease in which
the drug is being tested must be chronic and stable. Second, the treatment effect must wear off rapidly. N-of-1 trials

are not used routinely in drug development and, if so, only at the Phase 3 stage.zs,26

Historical controls

Any temptation simply to give a new treatment to all patients and to compare the results with the past (historical
controls) is almost always unacceptable, even with a disease such as leukaemia. The reasons are that standards of
diagnosis and treatment change with time, and the severity of some diseases (infections) fluctuates. The general
provision stands that controls must be concurrent and concomitant. An exception to this rule is the case-control study
(see p. 58).

SIZE OF TRIALS

Before the start of any controlled trial it is necessary to decide the number of patients that will be needed to deliver an
answer, for ethical as well as practical reasons. This is determined by four factors:

1. The magnitude of the difference sought or expected on the primary efficacy endpoint (the target difference).
For between-group studies, the focus of interest is the mean difference that constitutes a clinically significant
effect.

2. The variability of the measurement of the primary endpoint as reflected by the standard deviation of this
primary outcome measure. The magnitude of the expected difference (above) divided by the standard
deviation of the difference gives the standardised difference (Fig. 4.2).

3. The defined significance level, i.e. the level of chance for accepting a Type | (a) error. Levels of 0.05 (5%) and
0.01 (1%) are common targets.

4. The power or desired probability of detecting the required mean treatment difference, i.e. the level of chance
for accepting a Type Il (B) error. For most controlled trials, a power of 80-90% (0.8-0.9) is frequently chosen
as adequate, although higher power is chosen for some studies.

It will be intuitively obvious that a small difference in the effect that can be detected between two treatment groups, or
a large variability in the measurement of the primary endpoint, or a high significance level (low P value) or a large
power requirement, all act to increase the required sample size. Figure 4.2 gives a graphical representation of how the
power of a clinical trial relates to values of clinically relevant standardised difference for varying numbers of trial
subjects (shown by the individual curves). It is clear that the larger the number of subjects in a trial, the smaller is the
difference that can be detected for any given power value.

The aim of any clinical trial is to have small Type | and Il errors, and consequently sufficient power to detect a
difference between treatments, if it exists. Of the four factors that determine sample size, the power and significance
level are chosen to suit the level of risk felt to be appropriate; the magnitude of the effect can be estimated from
previous experience with drugs of the same or similar action; the variability of the measurements is often known from
published experiments on the primary endpoint, with or without drug. These data will, however, not be available for
novel substances in a new class, and frequently the sample size in the early phase of development is chosen on a
more arbitrary basis. As an example, a trial that would detect, at the 5% level of statistical significance, a treatment
that raised a cure rate from 75% to 85% would require 500 patients for 80% power.

Fixed-sample size and sequential designs

Defining when a clinical trial should end is not as simple as it first appears. In the standard clinical trial the end is
defined by the passage of all of the recruited subjects through the complete design. However, it is results and
decisions based on the results that matter, not the number of subjects. The result of the trial may be that one
treatment is superior to another or that there is no difference. These trials are of fixed sample size. In fact, patients are
recruited sequentially, but the results are analysed at a fixed time-point.

The results of this type of trial may be disappointing if they miss the agreed and accepted level of significance.



It is not legitimate, having just failed to reach the agreed level (say, P = 0.05), to take in a few more patients in the
hope that they will bring P value down to 0.05 or less, for this is deliberately not allowing chance and the treatment to
be the sole factors involved in the outcome, as they should be.

An alternative (or addition) to repeating the fixed-sample size trial is to use a sequential design in which the trial is run
until a useful result is reached.”” These adaptive designs, in which decisions are taken on the basis of results to date,
can assess results on a continuous basis as data for each subject become available or, more commonly, on groups of
subjects (group sequential design). The essential feature of these designs is that the trial is terminated when a
predetermined result is attained and not when the investigator looking at the results thinks it appropriate. Reviewing
results in a continuous or interim basis requires formal interim analysis and there are specific statistical methods for
handling the data, which need to be agreed in advance. Group sequential designs are especially successful in large
long-term trials of mortality or major non-fatal endpoints when safety must be monitored closely.

Interim analyses can reduce the power of statistical significance tests to a serious degree if they are scheduled to
occur more than, say, about four times in a trial. Such sequential designs recognise the reality of medical practice and
provide a reasonable balance between statistical, medical and ethical needs. It is a necessity to have expert statistical
advice when undertaking such trials; poorly designed and executed studies cannot be salvaged after the event.

SENSITIVITY OF TRIALS

Definitive therapeutic trials are expensive and tedious, and may be so prolonged that aspects of treatment have been
superseded by the time a result is obtained. A single trial, however well designed, executed and analysed, can answer
only the question addressed. The regulatory authorities give guidance as to the number and design of trials that, if
successful, would lead to a therapeutic claim. But changing clinical practice in the longer term depends on many other
factors, of which confirmatory trials in other centres by different investigators under different conditions are an
important part.

META-ANALYSIS

The two main outcomes for therapeutic trials are to influence clinical practice and, where appropriate, to make a
successful claim for a drug with the regulatory authorities. Investigators are eternally optimistic and frequently plan
their trials to look for large effects. Reality is different. The results of a planned (or unplanned) series of clinical trials
may vary considerably for several reasons, but most significantly because the studies are too small to detect a
treatment effect. In common but serious diseases such as cancer or heart disease, however, even small treatment
effects can be important in terms of their total impact on public health. It may be unreasonable to expect dramatic
advances in these diseases; we should be looking for small effects. Drug developers, too, should be interested not
only in whether a treatment works, but also how well and for whom.

The collecting together of a number of trials with the same objective in a systematic review?® and analysing the
accumulated results using appropriate statistical methods is termed meta-analysis. The principles of a meta-analysis
are that:

e |t should be comprehensive, i.e. include data from all trials, published and unpublished.

e Only rzagndomised controlled trials should be analysed, with patients entered on the basis of 'intention to
treat'.

e The results should be determined using clearly defined, disease-specific endpoints (this may involve a re-
analysis of original trials).

There are strong advocates and critics of the concept, its execution and interpretation. Arguments that have been
advanced against meta-analysis are:

An effect of reasonable size ought to be demonstrable in a single trial.
Different study designs cannot be pooled.

Lack of accessibility of all relevant studies.

Publication bias ('positive' trials are more likely to be published).

In practice, the analysis involves calculating an odds ratio for each trial included in the meta-analysis. This is the ratio
of the number of patients experiencing a particular endpoint, e.g. death, and the number who do not, compared with
the equivalent figures for the control group. The number of deaths observed in the treatment group is then compared
with the number to be expected if it is assumed that the treatment is ineffective, to give the observed minus expected
statistic. The treatment effects for all trials in the analysis are then obtained by summing all the 'observed minus
expected' values of the individual trials to obtain the overall odds ratio. An odds ratio of 1.0 indicates that the treatment
has no effect, an odds ratio of 0.5 indicates a halving and an odds ratio of 2.0 indicates a doubling of the risk that
patients will experience the chosen endpoint.



From the position of drug development, the general requirement that scientific results have to be repeatable has been
interpreted in the past by the Food and Drug Administration (the regulatory agency in the USA) to mean that two well
controlled studies are required to support a claim. But this requirement is itself controversial and its relation to a meta-
analysis in the context of drug development is unclear.

In clinical practice, and in the era of cost-effectiveness, the use of meta-analysis as a tool to aid medical decision-
making and underpinning 'evidence-based medicine' is here to stay.

Figure 4.3 shows detailed results from 11 trials in which antiplatelet therapy after myocardial infarction was compared
with a control group. The number of vascular events per treatment group is shown in the second and third columns,
and the odds ratios with the point estimates (the value most likely to have resulted from the study) are represented by
black squares and their 95% confidence intervals (Cl) in the fourth column.

The size of the square is proportional to the number of events. The diamond gives the point estimate and ClI for overall
effect.

RESULTS: IMPLEMENTATION

The way in which data from therapeutic trials are presented can influence doctors' perceptions of the advisability of
adopting a treatment in their routine practice.

Trial Vascular events/patients Odds ratio
(95% CI)
Antiplatelet Control
group group
Cardiff- 57/615 76/624 —
Cardiff-I| 129/847 186/878 —a—
PARIS-I 262/1620  4x(82/406)
PARIS-II 179/1563 235/1565
AMIS 379/2267  411/2257 -
CDP-A 76/758 102/771 ——
GAMIS 33/317 45/309 i
ART 102/813  130/816 ——
ARIS 40/365 55/362 L 2
Micristin 65/672 106/668 ——
Rome 9/40 19/40 -—
Overall 1331/9877 1693/9914 <> |25% (SD 4)
(13.5%) (17.1%) reduction
Test for heterogeneity: x°1p=12.3; P> 0.1 (P <0.0001)
I T 1 1
0.25 0.5 0.75 1.0 1.25 1.5
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Figure 4.3 A clear demonstration of benefits from meta-analysis of available trial data, when individual trials failed to provide convincing evidence.
(Reproduced with permission of Collins R 2001 Lancet 357:373-380.)

Relative and absolute risk

The results of therapeutic trials are commonly expressed as the percentage reduction of an unfavourable (or
percentage increase in a favourable) outcome, i.e. as the relative risk, and this can be very impressive indeed until the
figures are presented as the number of individuals actually affected per 100 people treated, i.e. as the absolute risk.



Where a baseline risk is low, a statement of relative risk alone is particularly misleading as it implies large benefit
where the actual benefit is small. Thus a reduction of risk from 2% to 1% is a 50% relative risk reduction, but it saves
only one patient for every 100 patients treated. But where the baseline is high, say 40%, a 50% reduction in relative
risk saves 20 patients for every 100 treated.

To make clinical decisions, readers of therapeutic studies need to know: how many patients
must be treated®® (and for how long) to obtain one desired result (number needed to treat).
This is the inverse (or reciprocal) of absolute risk reduction.

Relative risk reductions can remain high (and thus make treatments seem attractive) even when susceptibility to the
events being prevented is low (and the corresponding numbers needed to be treated are large). As a result, restricting
the reporting of efficacy to just relative risk reductions can lead to great - and at times excessive - zeal in decisions
about treatment for patients with low susceptibilities.31

Antiplatelet drugs reduce the risk of future non-fatal myocardial infarction by 30% [relative risk] in trials of both primary
and secondary prevention. But when the results are presented as the number of patients who need to be treated for
one nonfatal myocardial infarction to be avoided [absolute risk] they look very different.

In secondary prevention of myocardial infarction, 50 patients need to be treated for 2 years, while in primary
prevention 200 patients need to be treated for 5 years, for one nonfatal myocardial infarction to be prevented. In other
words, it takes 100 patient-years of treatment in primary prevention to produce the same beneficial outcome of one
fewer nonfatal myocardial infarction.*

A real-life example follows: Whether a low incidence of adverse drug effects is acceptable becomes a serious issue in
the context of absolute risk. Non-specialist doctors, particularly those in primary care, need and deserve clear and
informative presentation of therapeutic trial results that measure the overall impact of a treatment on the patient's life,
i.e. on clinically important outcomes such as morbidity, mortality, quality of life, working capacity, fewer days in
hospital. Without it, they cannot adequately advise patients, who may themselves be misled by inappropriate use of
statistical data in advertisements or on internet sites.

Important aspects of therapeutic trial reports

o Statistical significance and its clinical importance
e Confidence intervals
e Number needed to treat, or absolute risk

PHARMACOEPIDEMIOLOGY

Pharmacoepidemiology is the study of the use and effects of drugs in large numbers of people. Some of the principles
of pharmacoepidemiology are used to gain further insight into the efficacy, and especially the safety, of new drugs
once they have passed from limited exposure in controlled therapeutic pre-registration trials to the looser conditions of
their use in the community. Trials in this setting are described as observational because the groups to be compared
are assembled from subjects who are, or who are not (the controls), taking the treatment in the ordinary way of
medical care. These (Phase 4) trials are subject to greater risk of selection bias*® and confounding34 than
experimental studies (randomised controlled trials) where entry and allocation of treatment are strictly controlled
(increasing internal validity). Observational studies, nevertheless, come into their own when sufficiently large
randomised trials are logistically and financially impracticable. The following approaches are used.

Observational cohort® studies

Patients receiving a drug are followed up to determine the outcomes (therapeutic or adverse). This is usually forward-
looking (prospective) research. A cohort study does not require a suspicion of causality; subjects can be followed 'to
see what happens' (event recording). Prescription event monitoring (below) is an example, and there is an increasing
tendency to recognise that most new drugs should be monitored in this way when prescribing becomes general. Major
difficulties include the selection of an appropriate control group, and the need for large numbers of subjects and for
prolonged surveillance. This sort of study is scientifically inferior to the experimental cohort study (the randomised
controlled trial) and is cumbersome for research on drugs.

Investigation of the question of thromboembolism and the combined oestrogen-progestogen contraceptive pill by
means of an observational cohort study required enormous numbers of subjects36 (the adverse effect is, fortunately,
uncommon) followed over years. An investigation into cancer and the contraceptive pill by an observational cohort
would require follow-up for 10-15 years. Happily, epidemiologists have devised a partial alternative: the case-control
study.

Case-control studies
This reverses the direction of scientific logic from a forward-looking, 'what happens next' (prospective) to a backward-



looking, 'what has happened in the past' (retrospective)37 investigation. The case-control study requires a definite
hypothesis or suspicion of causality, such as an adverse reaction to a drug. The investigator assembles a group of
patients who have the condition. A control group of people who have not had the reaction is then assembled
(matched, e.g. for sex, age, smoking habits) from hospital admissions for other reasons, primary care records or
electoral rolls. A complete drug history is taken from each group, i.e. the two groups are 'followed up' backwards to
determine the proportion in each group that has taken the suspect agent. Case-control studies do not prove
causation.*® They reveal associations and it is up to investigators and critical readers to decide the most plausible
explanation.

A case-control study has the advantage that it requires a much smaller number of cases (hundreds) of disease and
can thus be done quickly and cheaply. It has the disadvantage that it follows up subjects backwards and there is
always suspicion of the intrusion of unknown and so unavoidable biases in the selection of both patients and controls.
Here again, independent repetition of the studies, if the results are the same, greatly enhances confidence in the
outcome.

SURVEILLANCE SYSTEMS: PHARMACOVIGILANCE

When a drug reaches the market, a good deal is known about its therapeutic activity but rather less about its safety
when used in large numbers of patients with a variety of diseases, for which they are taking other drugs. The term
pharmacovigilance refers to the process of identifying and responding to issues of drug safety through the detection in
the community of drug effects, usually adverse. Over a number of years increasingly sophisticated systems have been
developed to provide surveillance of drugs in the post-marketing phase. For understandable reasons, they are
strongly supported by governments. The position has been put thus:

Four kinds of logic can be applied to drug safety monitoring:

o to attempt to follow a complete cohort of (new) drug users for as long as it is deemed necessary to have
adequate information

e to perform special studies in areas which may be predicted to give useful information

o to try to gain experience from regular reporting of suspected adverse drug reactions from health professionals
during the regular clinical use of the drug

e to examine disease trends for drug-related causality.*

Drug safety surveillance relies heavily on the techniques of pharmacoepidemiology, which include the following.

Voluntary reporting

Doctors, nurses and pharmacists are supplied with cards on which to record suspected adverse reaction to drugs. In
the UK, this is called the '"Yellow Card' system and the Commission for Human Medicines collates the results and
advises the Medicines and Healthcare products Regulatory Agency of the government. It is recommended that for:

e newer drugs: all suspected reactions should be reported, i.e. any adverse or any unexpected event, however
minor, that could conceivably be attributed to the drug
o established drugs: all serious suspected reactions should be reported, even if the effect is well recognised.

Inevitably the system depends on the intuitions and willingness of those called on to respond. Surveys suggest that no
more than 10% of serious reactions are reported. Voluntary reporting is effective for identifying reactions that develop
shortly after starting therapy, i.e. at providing early warnings of drug toxicity. Thus, it is the first line in post-marketing
surveillance. Reporting is particularly low, however, for reactions with long latency, such as tardive dyskinesia from
chronic neuroleptic use. As the system has no limit of quantitative sensitivity, it may detect the rarest events, e.qg.
those with an incidence of 1 : 5000-1 : 10 000. Voluntary systems are, however, unreliable for estimating the incidence
of adverse reactions as this requires both a high rate of reporting (the numerator) and a knowledge of the rate of drug
usage (the denominator).

Prescription event monitoring

This is a form of observational cohort study. Prescriptions for a drug (say, 20 000) are collected (in the UK this is
made practicable by the existence of a National Health Service in which prescriptions are sent to a single central
authority for pricing and payment of the pharmacist). The prescriber is sent a questionnaire and asked to report all
events that have occurred (not only suspected adverse reactions) with no judgement regarding causality. Thus 'a
broken leg is an event. If more fractures were associated with this drug they could have been due to hypotension,
CNS effects or metabolic disease'.* By linking general practice and hospital records and death certificates, both
prospective and retrospective studies can be done and unsuspected effects detected. Prescription event monitoring
can be used routinely on newly licensed drugs, especially those likely to be widely prescribed in general practice, and
it can also be implemented quickly in response to a suspicion raised, e.g. by spontaneous reports.



Medical record linkage allows computer correlation in a population of life and health events (birth, marriage, death,
hospital admission) with history of drug use. It is being developed as far as resources permit. It includes prescription
event monitoring (above). The largest UK medical record linkage is the General Practitioner Research Data Base at
the Medicines Healthcare Products Regulatory Agency.

Population statistics e.g. birth defect registers and cancer registers. These are insensitive unless a drug-induced
event is highly remarkable or very frequent. If suspicions are aroused then case-control and observational cohort
studies will be initiated.

STRENGTH OF EVIDENCE

A number of types of clinical investigation are described in this chapter, and elsewhere in the book. When making
clinical decisions about a course of therapeutic action, it is obviously relevant to judge the strength of evidence
generated by different types of study. This has been summarised as follows, in rank order:*'

1. Systematic reviews and meta-analysis.

2. Randomised controlled trials with definitive results (confidence intervals that do not overlap the threshold of
the clinically significant effect).*?

Randomised controlled trials with non-definitive results (a difference that suggests a clinically significant effect
but with confidence intervals overlapping the threshold of this effect).

Cohort studies.

Case-control studies.

Cross-sectional surveys.

Case reports.

w

No oA

IN CONCLUSION®

Drug development is a high risk business. Early hopes and expectations can later be shattered by the realities of
clinical practice, when the risks as well as the benefits of a medicine emerge with the passage of time.

Gee it's wonderful!
It's simple, cheap and
cures magically.

Another one of his
fool ideas! He's a
crackpot.

Used carefully in selected
cases it is the best therapy
for G. disease. '

Death from agranulocytosis!
Its a poison! | wouldn't
give itto a dog

Bennet & Brown: Clinical Pharmacology, 10th Edition. Copyright @© 2008 by Churchill Livingstone

Figure 4.4 Oscillations in the development of a drug.44
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5 Official regulation of medicines

SYNOPSIS
This chapter describes the background to why it became necessary to regulate the use and
supply of drugs, and the ways in which these processes are managed.

e Basis for regulation: safety, efficacy, quality, supply
o Present medicines regulatory system
e Present-day requirements
o0 Counterfeit drugs
o0 Complementary and alternative medicine
0 Medicines regulation: the future

BASIS FOR REGULATION

Neither patients nor doctors are in a position to decide for themselves, across the range of medicines that they use,
which ones are pure and stable, and effective and safe. They need assurance that the medicines they are offered fulfil
these requirements and are supported by information that permits optimal use. The information about and the usage
of medicines gets out of date, and there is an obligation on licence holders continually to review their licence with
particular regard to safety. Marketing Authorisation Holders (MAHS), i.e. pharmaceutical companies, can also change
the efficacy claims to their licence (e.g. new indications, extension of age groups) or change the safety information
(e.g. add new warnings, or contraindications). The quality aspects may also need to be revised as manufacturing
practices change. MAHs have strong profit motives for making claims about their drugs. Only governments can
provide the assurance about all those aspects in the life of a medicine (in so far as it can be provided).

The principles of official (statutory) medicines regulation are that:

* No medicines will be marketed without prior licensing by the government.

e Alicence will be granted on the basis of scientific evaluation of:

1. Safety, in relation to its use: evaluation at the point of marketing is provisional in the sense that it is
followed in the community by a pharmacovigilance programme.

2. Efficacy (now often including quality of life).

3. Quality, i.e. purity, stability (shelf-life).

4. Supply, i.e. whether the drug is suitable to be unrestrictedly available to the public or whether it should
be confined to sales through pharmacies or on doctors' prescriptions; and what printed information
should accompany its sale (labelling, leaflets).

e Alicence shall specify the clinical indications that may be promoted and shall be for a limited period (5 years),
which is renewable on application. A regulatory authority may review the risk : benefit ratio or safety of a drug
at any time and restrict the licensing, or remove the drug from the market for good cause."

e Alicence may be varied (altered) by an application from the pharmaceutical company to update efficacy,
safety and quality sections; safety and (less commonly) efficacy variations may be initiated by the regulatory
authority.

Plainly manufacturers and developers are entitled to be told what substances are regulated and what are not®, and
what kinds and amounts of data are likely to persuade a regulatory authority to grant a marketing application (licence)
and for what medical purpose. In summary, medicines regulation aims to provide an objective, rigorous and
transparent assessment of efficacy, safety and quality in order to protect and promote public health but not to impede
the pharmaceutical industry. Inevitably, an interesting tension exists between regulators and regulated.3

HISTORICAL BACKGROUND

The beginning of substantial government intervention in the field of medicines paralleled the proliferation of synthetic
drugs in the early 20th century when the traditional and familiar pharmacopoeia* expanded slowly and then, in mid-
century, with enormous rapidity. The first comprehensive regulatory law that required pre-marketing testing was
passed in the USA in 1938, following the death of about 107 people due to the use of diethylene glycol (a constituent
of antifreeze) as a solvent for a stable liquid formulation of sulphanilamide for treating common infections.’

Other countries did not take on board the lesson provided by the USA and it took the thalidomide disaster®,” to make
governments all over the world initiate comprehensive control over all aspects of drug introduction, therapeutic claims
and supply. In 1960-1961 in (West) Germany, the incidence of phocomelia in newborns was noted. The term means
'seal extremities' and is a deformity in which the long bones of the limbs are defective and substally normal or
rudimentary hands and feet arise on, or nearly on, the trunk, like the flippers of a seal; other abnormalities may occur.
Phocomelia is ordinarily exceedingly rare. Case-control and prospective observational cohort studies in antenatal
clinics where women had yet to give birth provided evidence incriminating a sedative and hypnotic called thalidomide;



it was recommended for use in pregnant women, although it had not been tested on pregnant animals. The worst had
happened: a trivial new drug was the cause of the most grisly disaster in the short history of modern scientific drug
therapy. Many thalidomide babies died, but many live on with deformed limbs, eyes, ears, heart and alimentary and
urinary tracts. The world total of survivors was probably about 10 000.

In the UK, two direct consequences were the development of a spontaneous adverse drug reaction reporting scheme
(the Yellow Card system) and legislation to provide regulatory control on the safety, quality and efficacy of medicines
through the systems of standards, authorisation, pharmacovigilance (see p. 58) and inspection (Medicines Act 1968).
A further landmark was the establishment of the Committee on Safety of Medicines in 1971 (from 2006 renamed the
Commission on Human Medicines) to advise the Licensing Authority in the UK. In 1995, the new European regulatory
system was introduced (see below).

Despite these protective systems, other drug disasters occurred. In 1974 the (B-blocking agent practolol was
withdrawn because of a rare but severe syndrome affecting the eyes and other mucocutaneous regions in the body
(not detected by animal tests), and in 1982 benoxaprofen, a non-steroidal anti-inflammatory drug, was found to cause
serious adverse effects including onycholysis and photosensitivity in elderly patients. More recent examples that have
gained wide public notice include the association of serotonin-specific reuptake inhibitors with the occurrence of
suicide and that of cyclo-oxygenase | and Il inhibitors with cardiovascular disease.

CURRENT MEDICINES REGULATORY SYSTEMS

All countries where medicines are licensed for use have a regulatory system. When a pharmaceutical company seeks
worldwide marketing rights, its programmes must satisfy the Food and Drug Administration (FDA) of the USA, the
European Medicines Agency8 (EMA) and the Japanese Pharmaceutical Affairs Bureau. The national regulatory bodies
of the individual European Union members remain in place but work with the EMA, which acts as a single source of
authority. National licences can still be granted through individual member states, which maintain particular
responsibility for their own public health issues. Significant harmonisation of practices and procedures at a global level
was also achieved through the International Conferences on Harmonisation (ICH) involving Europe, Japan and the
USA.

In the European Union drugs can be licensed in three ways:

1. The centralised procedure allows applications to be made directly to the EMA,; applications are allocated for
assessment to one member state (the rapporteur) assisted by a second member state (co-rapporteur).
Approval of the licence is then binding on all member states. This approach is mandatory for biotechnology
products and for certain new medicinal products.

2. The mutual recognition (or decentralised) procedure allows applicants to nominate one member state (known
as a reference member state), which assesses the application and seeks opinion from the other (concerned)
member states. Granting the licence will ensure simultaneous mutual recognition in these other states,
provided agreement is reached among them. There is an arbitration procedure to resolve disputes.

3. A product to be marketed in a single country can have its licence applied for through the national route.

The European systems are conducted according to strict timelines and written procedures. Once a medicine has been
licensed for sale by one of the above procedures, its future regulatory life remains within that procedure. Licences
have to be reviewed every 6 months for the first 2 years, then annually until 5 years. Thereafter, there may be a
second renewal at 10 years, if safety issues demand.” The renewal of a licence is primarily the responsibility of the
pharmaceutical company, but requires approval from the regulatory authority. This provides the opportunity for
companies to review, in particular, the safety aspects to keep the licence in line with current clinical practice. Any
major changes to licences must be made by variation of the original licence (safety, efficacy or quality; see below) and
supported by data, which for a major indication can be substantial.

REQUIREMENTS

AUTHORISATION FOR CLINICAL TRIALS IN THE UK

The EU Clinical Trial Directive 2001/20/EC harmonised the laws and administrative procedures relating to the
regulation of clinical trials across Europe and replaced the previous legislation in each of the separate member states.
It is implemented in the UK through the Medicines for Human Use (Clinical Trials) Regulations.9 All clinical trials,
including human volunteer trials, require regulatory approval through a Clinical Trial Authorisation (CTA) application
that must include summaries of preclinical, clinical and pharmaceutical data. For most trials a response must be
provided by the regulatory authority within 30 days, with a maximum of up to 60 days. There is a complementary
process to allow for amendments to the original application, and there is a requirement to notify each involved
regulatory agency when the trial is completed.

REGULATORY REVIEW OF A NEW DRUG APPLICATION



A drug regulatory authority requires the following:

e Preclinical tests
o tests carried out in animals to allow some prediction of potential efficacy and safety in humans (see
Chapter 4)
o0 chemical and pharmaceutical quality checks, e.g. purity, stability, formulation.

e Clinical (human) tests (Phases 1, 2, 3).

o Knowledge of the environmental impact of pharmaceuticals. Regulatory authorities expect manufacturers to
address this concern in their application to market new chemical entities. Aspects include manufacture
(chemical pollution), packaging (waste disposal), pollution in immediate use, e.g. antimicrobials and, more
remotely, drugs or metabolites entering the food chain or water where use may be massive, e.g. hormones.

The full process of regulatory review of a truly novel drug (new chemical entity) may take months.

Regulatory review
Using one of the regulatory systems described above, an authority normally conducts a review in two stages:

1. Examination of preclinical data to determine whether the drug is safe enough to be tested for (predicted)
human therapeutic efficacy.'

2. Examination of the clinical studies to determine whether the drug has been shown to be therapeutically
effective with safety appropriate to its use."

If the decision is favourable, the drug is granted a marketing authorisation (for 5 years: renewable), which allows it to
be marketed for specified therapeutic uses. The authority must satisfy itself of the adequacy of the information to be
provided to prescribers in a Summary of Product Characteristics (SPC) and also a Patient Information Leaflet (PIL).

The PIL must also be approved by the licensing authority, be deemed fairly to represent the SPC, and be
comprehensive and understandable to patients and carers. Where a drug has special advantage, but also has special
risk, restrictions on its promotion and use can be imposed, e.g. isotretinoin and clozapine (see Index).

Central to the decision to grant a marketing authorisation is the assessment procedure undertaken by professional
medical, scientific, statistical and pharmaceutical staff at one of the national agencies. In the UK these are employed
as civil servants within the Medicines Healthcare products Regulatory Agency (MHRA) and are advised by various
independent expert committees."?

When a novel drug is granted a marketing authorisation it is recognised as a medicine by independent critics and
there is rejoicing amongst those who have spent many years developing it. But the testing is not over: the most
stringent test of all is about to begin. It will be used in all sorts of people of all ages and sizes, and having all sorts of
other conditions. Its use can no longer be supervised so closely as hitherto. Doctors will prescribe it and patients will
use it correctly and incorrectly. It will have effects that have not been anticipated. It will be taken in overdose. It has to
find its place in therapeutics, through extended comparisons with other drugs available for the same diseases.

Drugs used to prevent a long-term morbidity, e.g. stroke in hypertensive patients, can be proven effective only in
outcome trials that are usually considered too expensive even to start until marketing of the drug is guaranteed. The
effect of a drug at preventing rare occurrences requires many thousands of patients, more than are usually studied
during development. Similarly rare adverse events cannot be detected prior to marketing, and it would be unethical to
expose large numbers of trial patients to a novel drug for purely safety reasons.”

Post-licensing responsibilities

The pharmaceutical company is predominantly interested in gaining as widespread usage as fast as possible, based
on the efficacy of the drug demonstrated in pre-registration trials. The regulatory authorities are more concerned with
the safety profile of the drug and protection of public health. The most important source of safety data once the drug is
in clinical use is spontaneous reporting of adverse events, which will qenerate 'signals' and raise suspicion of
infrequent but potentially serious adverse events caused by the drug. 4 Proving the causal link from sporadic signals
can be extremely difficult, and is entirely dependent on the number and quality of these spontaneous reports. In the
UK, these reports are captured through the Yellow Card system (see p. 58), which may be completed by doctors,
nurses or pharmacists and, most recently, by patients. Other countries have their own systems. The importance of

encouraging accurate spontaneous reporting of adverse events cannot be overemphasised.

Post-marketing (Phase 4) studies are not generally regulated by legislation, although in the EU, in exceptional
circumstances, they may be a condition of the marketing authorisation. Voluntary guidelines are in use for post-
marketing studies agreed between industry and the regulatory authorities. All company-sponsored trials that are
relevant to the safety of a marketed medicine are included; they clearly state that such studies should not be



conducted for the purposes of promotion. Other studies investigating the safety of a medicine that are not directly
sponsored by the manufacturer may be identified from various organisations, e.g. the Drug Safety Research Unit
(Southampton, UK) using Prescription Event Monitoring (PEM), the Medicines Monitoring Unit (MEMO) (Tayside, UK),
and the use of computerised record linkage schemes (in place in the USA for many years) such as the UK General
Practice Research Database at the MHRA. All these systems have the important capacity to obtain information on
very large numbers of patients (10 000 to 20 000) in observational cohort studies and case-control studies,
complementing the spontaneous reporting system (see Chapter 4).

In the UK, many new drugs are highlighted as being under special consideration by the regulatory authorities, by
marking the drug with a symbol, the inverted black triangle (0), in formularies. The regulatory authority communicates
emerging data on safety of drugs to doctors through letters or papers in journals, through specialist journals, e.g.
Current Problems in Pharmacovigilance, in the UK, and for very significant issues by direct ('Dear Doctor') letters and
fax messages.

Two other important regulatory activities that affect marketed drugs are:

e Variations to licences.
e Reclassifications.

Variations are substantial changes instigated usually by pharmaceutical companies, but sometimes by the regulatory
authority, to the efficacy, safety or quality aspects of the medicine. Most significant variations involve additions to
indications or dosing regimens, or to the warnings and contraindication sections of the SPC. They need to be
supported by evidence and undergo formal assessment.

Reclassification means change in the legal status of a medicine and is the process by which a prescription-only
medicine can be converted to one that is available directly to the public through pharmacies and shops. It follows a
rigorous assessment process with a particular stress on safety aspects of the medicine; it involves advice from the
Commission on Human Medicines and requires a change in secondary legislation. The purpose of reclassification is to
allow easier access of the general public to effective and safe medicines. In the UK, emergency contraception
('morning after' pill), simvastatin and omeprazole have been reclassifications to be available from pharmacies without
prescription.

DISCUSSION

It may be wondered why post-licensing/marketing surveillance and pharmacovigilance should be necessary. Common
sense would seem to dictate that safety and efficacy of a drug should be fully defined before it is granted marketing
authorisation. Pre-licensing trials with very close supervision are commonly limited to hundreds of patients and this is
unavoidable, chiefly because this close supervision is impracticable on a large scale for a very long time. Post-
licensing studies are increasingly regarded as essential to complete the definitive evaluation of drugs under conditions
of ordinary use on a large scale, these programmes being preferable to attempts to enlarge and prolong formal
therapeutic trials.

It would also seem sensible to require developers to prove that a new drug is not only effective but is actually needed
in medicine before it is licensed. Strong voices are now arguing that a risk : benefit assessment of new (candidate)
medicines against old medicines should be part of a regulatory applic:ation.“",16 It is argued that a novel drug finds its
place only after several, sometimes many, years, and to delay licensing is simply impracticable on financial grounds.
Thus a 'need clause' in licensing is not generally practicable if drug developers are to stay in that business. This is
why comparative therapeutic studies of a new drug with existing drugs are not required for licensing in countries
having a research-based pharmaceutical industry. A 'need clause' is, however, appropriate for economically deprived
countries (see World Health Organization Essential Drugs Programme); indeed, such countries have no alternative.

The licensing authority in the UK is not concerned with the pricing of drugs or their cost-effectiveness. The cost of
medicines does, however, concern all governments, as part of the rising costs of national health services. A serious
attempt to control costs on drug usage by the introduction of national guidelines on disease management (including
the use of individual drugs) and the appraisal of new and established medicines for cost-effectiveness now operate
through a government-funded body called the National Institute for Health and Clinical Excellence (NICE). Where
relevant, elements of guidance notes are issued by NICE appear within this book.

Licensed medicines for unlicensed indications

Doctors may generally prescribe any medicine for any legitimate medical purpose.17 But if they use a drug for an
indication that is not formally included in the product licence (‘off-label' use) they would be wise to think carefully and
to keep particularly good records for, if a patient is dissatisfied, prescribers may find themselves having to justify the
use in a court of law. (Written records made at the time of a decision carry substantial weight, but records made later,
when trouble is already brewing, lose much of their power to convince, and records that have been altered later are
quite fatal to any defence.) Manufacturers are not always willing to go to the trouble and expense of the rigorous



clinical studies required to extend their licence unless a new use is likely to generate significant profits. They are
prohibited by law from promoting an unlicensed use. Much prescribing for children is in fact 'off licence' because
clinical trials are usually conducted in adults and information sufficient for regulatory purposes in children does not
exist. Paediatricians have to use adult data, scaled by body-weight or surface area, together with their clinical
experience; this deficiency is being actively addressed in Europe and the USA.

Unlicensed medicines and accelerated licensing

Regulatory systems make provision for the supply of an unlicensed medicine, e.g. one that has not yet completed its
full programme of clinical trials, for patients who, on the judgement of their doctors, have no alternative amongst
licensed drugs. The doctor must apply to the manufacturer, who may supply the drug for that particular patient and at
the doctor's own responsibility. Various terms are used, e.g. supply on a 'named patient' basis (UK); 'compassionate’
drug use (USA). It is illegal to exploit this sensible loophole in supply laws to conduct research. Precise record-
keeping of such use is essential. But there can be desperate needs involving large numbers of patients, e.g. AIDS,
and regulatory authorities may respond by licensing a drug before completion of the usual range of studies (making it
clear that patients must understand the risks they are taking). Unfortunately such well intentioned practice discourages
patients from entering formal trials and may, in the long run, actually delay the definition of life-saving therapies.

Decision-taking
It must be remembered always that, although there are risks in taking drugs, there are also
risks in not taking drugs, and there are risks in not developing new drugs.

The responsibility to protect public health on the one hand, yet to allow timely access to novel medicines on the other,
is one shared by drug regulators, expert advisory bodies and developers. It is complicated by an ever-increasing
awareness of the risks and benefits (real or perceived) of medicines by the general public. Some new medicines are
registered with the high expectation of effectiveness and with very little safety information; rare and unpredictable
adverse events may take years to appear with sufficient conviction that causality is accepted. In taking decisions
about drug regulation, it has been pointed out that there is uncertainty in three areas:'®

e Facts.
e Public reaction to the facts.
e Future consequences of decisions.

Regulators are influenced not only to avoid risk but also to avoid regret later (regret avoidance), and this consideration
has a profound effect whether or not the decision-taker is conscious of it; it promotes defensive regulation. Regulatory
authorities are frequently accused of being too cautious, and responsible, at least in part, for the stagnation in new
drug development.

It is self-evident that it is much harder to detect and quantitate a good that is not done than it is to detect and
quantitate a harm that is done. Therefore, although it is part of the decision-taker's job to facilitate the doing of good,
the avoidance of harm looms larger. Attempts to blame regulators for failing to do good due to regulatory
procrastination, the 'drug Iag”g, do not induce the same feelings of horror in regulators and their advisory committees
as are induced by the prospect of finding they have approved a drug that has, or may have, caused serious injury and
that the victims are about to appear on television.? The bitterness of people injured by drugs, whether or not there is
fault, could be much reduced by the institution of simple non-adversarial arrangements for compensation. This is not
to ridicule the regulators and their advisers. They are doing their best, and commonly make good and sensible
decisions that receive no congratulations.

COUNTERFEIT DRUGS

Fraudulent medicines make up as much as 6% of pharmaceutical sales worldwide. They present a serious health (and
economic) problem in countries with weak regulatory authorities and lacking money to police drug quality. In these
countries counterfeit medicines may comprise 20-50% of available products. The trade may involve false labelling of
legally manufactured products, in order to play one national market against another; also low-quality manufacture of
correct ingredients; wrong ingredients, including added ingredients (such as corticosteroids added to herbal medicine
for arthritis); no active ingredient; false packaging. The trail from raw material to appearance on a pharmacy shelf may
involve as many as four countries, with the final stages (importer, wholesaler) quite innocent, so well has the process
been obscured. Developed countries have inspection and enforcement procedures to detect and take appropriate
action on illegal activities.

COMPLEMENTARY AND ALTERNATIVE MEDICINE
(See also p. 13.)

The broad term complementary and alternative medicine (CAM) covers a range of widely varied diagnostic and



therapeutic practices; it includes herbal and traditional (mainly Chinese) medicines, homoeopathic remedies and
dietary supplements.21 The public demand for these substances is substantial and the financial interests are huge:
annual USA sales of herbal medicines reached an estimated US$4 billion in 1998. The efficacy, safety and quality of
herbal®* and homoeopathic®® preparations have been critically reviewed. Physicians need to be aware that their
patients may be taking CAM preparations, not least because of the risk of adverse reactions and drug-drug
interactions, e.g. enzyme induction with St John's Wort (Hypericum perforatum).?*

In the UK, largely for historical reasons, the regulation of CAM is problematic and rife with inconsistencies. Some
herbal medicines are licensed as such; some are exempt from licensing; some are sold as food supplements; and
some products are available in all three categories. Herbal products were granted a Product Licence of Right (PLR)
when the licensing system was introduced in the 1970s. Proof of efficacy, safety and quality (mandatory for 'regular’
chemical and biologically developed medicinal products) is usually absent. European legislation is currently being
introduced for CAM using a modified licensing procedure; manufacturers will be obliged to report adverse reactions.

MEDICINES REGULATION: THE FUTURE

In the UK, the principal responsibilities of medicine regulation, i.e. for safe and effective medicines of high quality, will
remain the same but the following themes will provide special attention:

e The promotion and protection of public health: the obligations to ministers, the public and industry are
unchanged but regulators will operate in an environment in which the public increasingly expects more
effective medicines without sacrifice of safety. Some results of this are already apparent.

e A wider and more rapid international pharmacovigilancc—:‘.25

e Greater transparency in regulatory decision-making.

e The results of assessed applications for new medicines will see a shift from complex technical to patient-
oriented documents with clear expressions of risk and benefit.

o A widening of the availability of medicines for chronic disorders through pharmacies, by nurses and other non-
medical professionals, and directly to the public.

e Attention to the regulation of medicines for special populations, e.g. the licensing of old and new medicines for
children.

e The regulation of complementary medicines.
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6 Classification and naming of drugs

SYNOPSIS
In any science there are two basic requirements, classification and nomenclature (names):

o Classification - drugs cannot be classified and named according to a single rational
system because the requirements of chemists, pharmacologists and doctors differ

o Nomenclature - nor is it practicable always to present each drug under a single name
because the formulations in which they are presented as prescribable medicines may
vary widely and commercial considerations are too often paramount

Generic (non-proprietary) names should be used as far as possible when prescribing except
where pharmaceutical bioavailability differences have overriding importance.

The wider availability of proprietary medicines through pharmacy sale and direct to the public has the potential for
greater confusion to consumers (patients) and doctors.

CLASSIFICATION

It is evident from the way this book is organised that there is no homogeneous system for classifying drugs that suits
the purpose of every user. Drugs are commonly categorised according to the convenience of who is discussing them:
clinicians, pharmacologists or medicinal chemists.

Drugs may be classified by:

Body system, e.g. alimentary, cardiovascular.
Therapeutic use, e.g. receptor blockers, enzyme inhibitors, carrier molecules, ion channels.
Mode or site of action

0 molecular interaction, e.g. glucoside, alkaloid, steroid

o cellular site, e.g. loop diuretic, catecholamine uptake inhibitor (imipramine).
Molecular structure, e.g. glycoside, alkaloid, steroid.’

NOMENCLATURE (NAMES)

Any drug may have names in all three of the following classes:

1. The full chemical name.

2. A non-proprietary (official, approved, generic) name used in pharmacopoeias and chosen by official bodies;
the World Health Organization (WHO) chooses recommended International Non-proprietary Names (rINNs).
The harmonisation of names began 50 years ago, and most countries have used rINNs for many years. The
USA is an exception, but even here most USA National Names are the same as their rINN counterparts. In
the UK, since 1 December 2003, where there is a difference between the rINN and the British Approved
Name (BAN), the rINN is the correct name. This is a requirement in both European and UK legislation, and
applies to all health-care professionals who prescribe, dispense or administer medicines. In most cases the
changes are minor, for example amoxycillin (BAN) and amoxicillin (rINN). Some differences are more
substantial, e.g. bendrofluazide and bendroflumethiazide, and in a few cases the name is changed
completely, e.g. benzhexol to trihexyphenidyl. There are two exceptions to the policy: adrenaline (rINN
epinephrine) and noradrenaline (rINN norepinephrine). Manufacturers are advised to use both names on the
product packaging and information literature. Prescribers and dispensers are recommended to retain the
BANs adrenaline and noradrenaline. In general we use rINNSs in this book and aim to minimise some
unavoidable differences with, where appropriate, alternative names in the text and index (in brackets).

3. A proprietary (brand) name that is the commercial property of a pharmaceutical company or companies. In
this book proprietary names are distinguished by an initial capital letter.

Example: One drug - three names
1. 3-(10,11-dihydro-5H-dibenz[b.f]-azepin-5-yl) propyldimethylamine

2. imipramine
3. Tofranil (UK), Melipramine, Novopramine, Pryleugan, Surplix, etc. (various countries)

The full chemical name describes the compound for chemists. It is obviously unsuitable for prescribing.



Three principles remain supreme and unchallenged in importance: the need for distinction in sound and spelling,
especially when the name is handwritten; the need for freedom from confusion with existing names, both non-
proprietary and proprietary, and the desirability of indicating relationships between similar substances.’

A non-proprietary (generic,” approved) name is given by an official (pharmacopoeia) agency, e.g. WHO. The generic
names diazepam, nitrazepam and fluraze-pam are all of benzodiazepines. Their proprietary names are Valium,
Mogadon and Dalmane respectively. Names ending in -olol are adrenoceptor blockers; those ending in -pril are
angiotensin-converting enzyme (ACE) inhibitors; and those in -floxacin are quinolone antimicrobials. Any
pharmaceutical company may manufacture a drug that has a well established use and is no longer under patent
restriction, in accordance with official pharmacopoeial quality criteria, and may apply to the regulatory authority for a
licence to market. The task of authority is to ensure that these generic or multi-source pharmaceuticals are
interchangeable, i.e. they are pharmaceutically and biologically equivalent, so that a formulation from one source will
be absorbed and give the same blood concentrations and have the same therapeutic efficacy as that from another.
(Further formal therapeutic trials are not demanded for these well established drugs.) A prescription for a generic drug
formulation may be filled for any officially licensed product that the dispensing pharmacy has chosen to purchase (on
economic criteria; see 'generic substitution' below).*

The proprietary name is a trademark applied to particular formulation(s) of a particular substance by a particular
manufacturer. Manufacture is confined to the owner of the trademark or to others licensed by the owner. It is designed
to maximise the difference between the names of similar drugs marketed by rivals for obvious commercial reasons. To
add confusion, some companies give their proprietary products the same names as their generic products in an
attempt to capture the prescription market, both proprietary and generic, and some market lower-priced generics of
their own proprietaries. When a prescription is written for a proprietary product, pharmacists under UK law must
dispense that product only. But, by agreement with the prescribing doctor, they may substitute an approved generic
product (generic substitution). What is not permitted is the substitution of a different molecular structure deemed to be
pharmacologically and therapeutically equivalent (therapeutic substitution).

NON-PROPRIETARY NAMES

The principal reasons for advocating the habitual use of non-proprietary (generic) names in prescribing are described
below.

Clarity

Non-proprietary names give information on the class of drug; for example, nortriptyline and amitriptyline are plainly
related, but their proprietary names, Allegron and Triptafen, are not. It is not unknown for prescribers, when one drug
has failed, unwittingly to add or substitute another drug of the same group (or even the same drug), thinking that
different proprietary names must mean different classes of drugs. Such occurrences underline the wisdom of
prescribing generically, so that group similarities are immediately apparent, but highlight the requirement for brand
names to be as distinct from one another as possible. Relationships cannot, and should not, be shown by brand
names.

Economy

Drugs sold under non-proprietary names are usually, but not always, cheaper than those sold under proprietary
names.

Convenience

Pharmacists may supply whatever version they stock,” whereas if a proprietary name is used they are obliged to
supply that preparation alone. They may have to buy in the preparation named even though they have an equivalent
in stock. Mixtures of drugs are sometimes given non-proprietary names, having the prefix co- to indicate more than
one active ingredient, e.g. co-amoxiclav for Augmentin, but many are not because they exist for commercial
advantage rather than for therapeutic need.® No prescriber can be expected to write out the ingredients, so proprietary
names are used in many cases, there being no alternative. International travellers with chronic illnesses will be
grateful for rINNs (see above), as proprietary names often differ from country to country. The reasons are linguistic as
well as commercial (see below).

PROPRIETARY NAMES

The principal non-commercial reason for advocating the use of proprietary names in prescribing is consistency of the
product, so that problems of quality, especially of bioavailability, are reduced. There is substance in this argument,
though it is often exaggerated.

It is reasonable to use proprietary names when dosage, and therefore pharmaceutical bioavailability, is critical, so that
small variations in the amount of drug available for absorption may have a big effect on the patient, e.g. drugs with a
low therapeutic ratio, digoxin, hormone replacement therapy, adrenocortical steroids (oral), antiepileptics, cardiac
antiarrhythmics, warfarin. In addition, with the introduction of complex formulations, e.g. sustained release, it is
important clearly to identify these, and the use of proprietary names has a role.



The present situation is that the pharmaceutical industry spends an enormous amount of money promoting its many
names for the same article, and the community, as represented in the UK by the Department of Health, spends a
relatively small sum trying to persuade doctors to use non-proprietary names. Ordinary doctors who prescribe for their
ordinary patients are the targets of both sides. Fortunately, the position is eased by the now widespread use of
computer programs for prescribing, which prompt the doctor to use non-proprietary names.

Generic names are intentionally longer than trade names to minimise the risk of confusion, but the use of accepted
prefixes and stems for generic names works well and the average name length is four syllables, which is manageable.
The search for proprietary names is a 'major problem' for pharmaceutical companies, increasing, as they are, their
output of new preparations. A company may average 30 new preparations (not new chemical entities) a year, another
warning of the urgent necessity for the doctor to cultivate a sceptical habit of mind. The names that 'look and sound
medically seductive' are being picked out. '"Words that survive scrutiny will go into a stock-pile and await inexorable
proliferation of new drugs'.7 One firm (in the USA) commissioned a computer to produce a dictionary of 42 000
nonsense words of an appropriately scientific look and sound.

A more recent cause for confusion for patients (consumers) in purchasing proprietary medicines is the use by
manufacturers of a well established 'brand' name that is associated in the mind of the purchaser with a particular
therapeutic effect, e.g. analgesia, when in fact the product may contain a quite different pharmacological entity. By a
subtle change or addition to the brand name of the original medicine, the manufacturer aims to establish 'brand
loyalty'. This unsavoury practice is called 'umbrella branding'. It is also important to doctors to be aware of what over-
the-counter (OTC) medicines their patients are taking, as proprietary products that were at one time familiar to them
may contain other ingredients, with the increased risk of adverse events and drug interactions.

For the practising doctor (in the UK) the British National Formulary provides a regularly updated and comprehensive
list of drugs in their non-proprietary (generic) and proprietary names. 'The range of drugs prescribed by any individual
is remarkably narrow, and once the decision is taken to "think generic" surely the effort required is small'.® And, we
would add, worthwhile.

Confusing names

The need for both clear thought and clear handwriting is shown by medicines of totally different class that have similar
names. Serious events have occurred as a result of the confusion of names and dispensing the wrong drug, e.g. Lasix
(furosemide) for Losec (omeprazole) (death); AZT (intending zidovudine) was misinterpreted in the pharmacy and
azathiorine was dispensed (do not use abbreviations for drug names); Daonil (glibenclamide) for De-nol (bismuth
chelate) and for Danol (danazol). It will be noted that non-proprietary names are less likely to be confused with other
classes of drugs.
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Section 2 FROM PHARMACOLOGY TO TOXICOLOGY

7 General pharmacology

SYNOPSIS

How drugs act and interact, how they enter the body, what happens to them inside the body,
how they are eliminated from it; the effects of genetics, age and disease on drug action -
these topics are important. Although they will generally not be in the front of the conscious
mind of the prescriber, an understanding of them will enhance rational decision taking.

Knowledge of the requirements for success and the explanations for failure and for adverse
events will enable the doctor to maximise the benefits and minimise the risks of drug therapy.
It is self-evident that knowledge of pharmacodynamics is essential to the choice of drug
therapy. But the well chosen drug may fail to produce benefit or may be poisonous because
too little or too much is present at the site of action for too short or too long a time. Drug
therapy can fail for pharmacokinetic as well as for pharmacodynamic reasons.

Pharmacodynamics

e Qualitative aspects: receptors, enzymes, selectivity
e Quantitative aspects: dose-response, therapeutic efficacy, potency, tolerance

Pharmacokinetics

o Time course of drug concentration: drug passage across cell membranes; order of
reaction; plasma half-life and steady-state concentration; therapeutic drug monitoring

e Individual processes: absorption, distribution, metabolism, elimination

e Drug dosage: dosing schedules

e Chronic pharmacology: the consequences of prolonged drug administration and drug
discontinuation syndromes

¢ Individual or biological variation: variability due to inherited influences, environmental
and host influences

e Drug interactions: outside the body, at site of absorption, at transporters, enzymes
and receptorsPharmacodynamics is what drugs do to the body; pharmacokinetics is
what the body does to drugs.

Pharmacodynamics is what drugs do to the body; pharmacokinetics is what the body does to
drugs.

The practice of drug therapy entails more than remembering an apparently arbitrary list of actions or indications.
Scientific incompetence in the modern doctor is inexcusable and, contrary to some assertions, scientific competence
is wholly compatible with a humane approach.

PHARMACODYNAMICS

Understanding how drugs act is not only an objective of the pharmacologist who seeks to
develop new and better therapies, it is also the basis of intelligent use of medicines.

QUALITATIVE ASPECTS

The starting point is to consider what drugs do and how they do it, i.e. the nature of drug action. The body functions
through control systems that involve chemotransmitters or local hormones, receptors, enzymes, carrier molecules and
other specialised macromolecules such as DNA.

Most medicinal drugs act by altering the body's control systems and, in general, they do so by binding to some
specialised constituent of the cell, selectively to alter its function and consequently that of the physiological or
pathological system to which it contributes. Such drugs are structurally specific in that small modifications to their
chemical structure may profoundly alter their effect.

MECHANISMS



An overview of the mechanisms of drug action shows that drugs act on specific receptors in the cell membrane and
interior by:

e Ligand-gated ion channels, i.e. receptors coupled directly to membrane ion channels; neurotransmitters act on
such receptors in the postsynaptic membrane of a nerve or muscle cell and give a response within
milliseconds.

e  G-protein-coupled receptor systems, i.e. receptors bound to the cell membrane and coupled to intracellular
effector systems by a G-protein. For instance, catecholamines (the first messenger) activate $-adrenoceptors
through a coupled G-protein system. This increases the activity of intracellular adenylyl cyclase, increasing
the rate of formation of cyclic AMP (the second messenger), a modulator of the activity of several enzyme
systems that cause the cell to act. The process takes seconds.

e Protein kinase receptors, so called because the structure incorporates a protein kinase, are targets for peptide
hormones involved in the control of cell growth and differentiation, and the release of inflammatory mediators
over a course of hours.

e Cytosolic (nuclear) receptors, i.e. within the cell itself, regulate DNA transcription and, thereby, protein
synthesis, e.g. by steroid and thyroid hormones, a process that takes hours or days.

Drugs also act on processes within or near the cell by:

e Enzyme inhibition, e.g. platelet cyclo-oxygenase by aspirin, cholinesterase by pyridostigmine, xanthine
oxidase by allopurinol.

¢ Inhibition or induction of transporter processes that carry substances into, across and out of cells, e.g.
blockade of anion transport in the renal tubule cell by probenecid is used to protect against the nephrotoxic
effects of cidofovir (used for cytomegalovirus retinitis).

e Incorporation into larger molecules, e.g. 5-fluorouracil, an anticancer drug, is incorporated into messenger
RNA in place of uracil.

¢ In the case of successful antimicrobial agents, altering metabolic processes unique to microorganisms, e.g.
penicillin interferes with formation of the bacterial cell wall; or by showing enormous quantitative differences in
affecting a process common to both humans and microbes, e.g. inhibition of folic acid synthesis by
trimethoprim.

Outside the cell drugs act by:

e Direct chemical interaction, e.g. chelating agents, antacids.

e Osmosis, as with purgatives, e.g. magnesium sulfate, and diuretics, e.g. mannitol, which are active because
neither they nor the water in which they are dissolved is absorbed by the cells lining the gut and kidney
tubules respectively.

RECEPTORS

Most receptors are protein macromolecules. When the agonist binds to the receptor, the proteins undergo an
alteration in conformation, which induces changes in systems within the cell that in turn bring about the response to
the drug over differing time courses. Many kinds of effector response exist, but those indicated above are the four
basic types.

Radioligand binding studies’ have shown that the receptor numbers do not remain constant but change according to
circumstances. When tissues are continuously exposed to an agonist, the number of receptors decreases (down-
regulation) and this may be a cause of tachyphylaxis (loss of efficacy with frequently repeated doses), e.g. in
asthmatics who use adrenoceptor agonist bronchodilators excessively. Prolonged contact with an antagonist leads to
formation of new receptors (up-regulation). Indeed, one explanation for the worsening of angina pectoris or cardiac
ventricular arrhythmia in some patients following abrupt withdrawal of a 3-adrenoceptor blocker is that normal
concentrations of circulating catecholamines now have access to an increased (up-regulated) population of -
adrenoceptors (see Chronic pharmacology, p. 103).

Agonists

Drugs that activate receptors do so because they resemble the natural transmitter or hormone, but their value in
clinical practice often rests on their greater capacity to resist degradation and so to act for longer than the natural
substances (endogenous ligands) they mimic; for this reason, bronchodilatation produced by salbutamol lasts longer
than that induced by adrenaline (epinephrine).



Antagonists (blockers) of receptors are sufficiently similar to the natural agonist to be 'recognised' by the receptor
and to occupy it without activating a response, thereby preventing (blocking) the natural agonist from exerting its
effect. Drugs that have no activating effect whatever on the receptor are termed pure antagonists. A receptor occupied
by a low-efficacy agonist is inaccessible to a subsequent dose of a high-efficacy agonist, so that, in this specific
situation, a low-efficacy agonist acts as an antagonist. This can happen with opioids.

Partial agonists

Some drugs, in addition to blocking access of the natural agonist to the receptor, are capable of a low degree of
activation, i.e. they have both antagonist and agonist action. Such substances show partial agonist activity (PAA). The
B-adrenoceptor antagonists pindolol and oxprenolol have partial agonist activity (in their case it is often called intrinsic
sympathomimetic activity, ISA), whilst propranolol is devoid of agonist activity, i.e. it is a pure antagonist.

A patient may be as extensively 'B-blocked' by propranolol as by pindolol, i.e. with eradication of exercise tachycardia,
but the resting heart rate is lower on propranolol; such differences can have clinical importance.

Inverse agonists

Some substances produce effects that are specifically opposed to those of the agonist. The agonist action of
benzodiazepines on the benzodiazepine receptor in the central nervous system produces sedation, anxiolysis, muscle
relaxation and controls convulsions; substances called B-carbolines, which also bind to this receptor, cause
stimulation, anxiety, increased muscle tone and convulsions; they are inverse agonists. Both types of drug act by
modulating the effects of the neurotransmitter y-aminobutyric acid (GABA).

Receptor binding (and vice versa). If the forces that bind drug to receptor are weak (hydrogen bonds, van der Waals'
bonds, electrostatic bonds), the binding will be easily and rapidly reversible; if the forces involved are strong (covalent
bonds), then binding will be effectively irreversible.

An antagonist that binds reversibly to a receptor can by definition be displaced from the receptor by mass action (see
p. 84) of the agonist (and vice versa). A sufficient increase of the concentration of agonist above that of the antagonist
restores the response. B-blocked patients who increase their low heart rate with exercise are demonstrating a rise in
sympathetic drive and releasing enough catecholamine (agonist) to overcome the prevailing degree of receptor
blockade.

Raising the dose of 3-adrenoceptor blocker will limit or abolish exercise-induced tachycardia, showing that the degree
of blockade is enhanced as more drug becomes available to compete with the endogenous transmitter.

As agonist and antagonist compete to occupy the receptor according to the law of mass action, this type of drug action
is termed competitive antagonism.

When receptor-mediated responses are studied either in isolated tissues or in intact humans, a graph of the logarithm
of the dose given (horizontal axis) plotted against the response obtained (vertical axis) commonly gives an S-shaped
(sigmoid) curve, the central part of which is a straight line. If the measurements are repeated in the presence of an
antagonist, and the curve obtained is parallel to the original but displaced to the right, then antagonism is said to be
competitive and the agonist to be surmountable.

Drugs that bind irreversibly to receptors include phenoxybenzamine (to the a-adrenoceptor). Because the drug fixes to
the receptor, increasing the concentration of agonist does not fully restore the response, and antagonism of this type
is described as insurmountable.

The log dose-response curves for the agonist in the absence of, and in the presence of, a non-competitive antagonist
are not parallel. Some toxins act in this way; for example, a-bungarotoxin, a constituent of some snake and spider
venoms, binds irreversibly to the acetylcholine receptor and is used as a tool to study it.

Restoration of the response after irreversible binding requires elimination of the drug from the body and synthesis of
new receptor, and for this reason the effect may persist long after drug administration has ceased. Irreversible agents
find little place in clinical practice.

Physiological (functional) antagonism

An action on the same receptor is not the only mechanism by which one drug may oppose the effect of another.
Extreme bradycardia following overdose of a -adrenoceptor blocker can be relieved by atropine, which accelerates
the heart by blockade of the parasympathetic branch of the autonomic nervous system, the cholinergic tone of which
(vagal tone) operates continuously to slow it.

Adrenaline (epinephrine) and theophylline counteract bronchoconstriction produced by histamine released from mast
cells in anaphylactic shock by relaxing bronchial smooth muscle (B2-adrenoceptor effect). In both cases, a second



drug overcomes the pharmacological effect, by a different physiological mechanism, i.e. there is physiological or
functional antagonism.

ENZYMES

Interaction between drug and enzyme is in many respects similar to that between drug and receptor. Drugs may alter
enzyme activity because they resemble a natural substrate and hence compete with it for the enzyme. For example,
enalapril is effective in hypertension because it is structurally similar to the part of angiotensin | that is attacked by
angiotensin-converting enzyme (ACE); enalapril prevents formation of the pressor angiotensin Il by occupying the
active site of the enzyme and so inhibiting its action.

Carbidopa competes with levodopa for dopa decarboxylase, and the benefit of this combination in Parkinson's disease
is reduced metabolism of levodopa to dopamine in the blood (but not in the brain because carbidopa does not cross
the blood-brain barrier).

Ethanol prevents metabolism of methanol to its toxic metabolite, formic acid, by competing for occupancy of the
enzyme alcohol dehydrogenase; this is the rationale for using ethanol in methanol poisoning. The above are examples
of competitive (reversible) inhibition of enzyme activity.

Irreversible inhibition occurs with organophosphorus insecticides and chemical warfare agents (see p. 395), which
combine covalently with the active site of acetylcholinesterase; recovery of cholinesterase activity depends on the
formation of new enzyme. Covalent binding of aspirin to cyclo-oxygenase (COX) inhibits the enzyme in platelets for
their entire lifespan because platelets have no system for synthesising new protein; this is why low doses of aspirin
are sufficient for antiplatelet action.

SELECTIVITY

The pharmacologist who produces a new drug and the doctor who gives it to a patient share the desire that it should
possess a selective action so that additional and unwanted (adverse) effects do not complicate the management of
the patient. Approaches to obtaining selectivity of drug action include the following.

Modification of drug structure

Many drugs have in their design a structural similarity to some natural constituent of the body, e.g. a neurotransmitter,
a hormone, a substrate for an enzyme; replacing or competing with that natural constituent achieves selectivity of
action. Enormous scientific effort and expertise go into the synthesis and testing of analogues of natural substances in
order to create drugs capable of obtaining a specified effect and that alone (see Therapeutic index, p. 79). The
approach is the basis of modern drug design and it has led to the production of adrenoceptor antagonists, histamine
receptor antagonists and many other important medicines.

But there are biological constraints to selectivity. Anticancer drugs that act against rapidly dividing cells lack selectivity
because they also damage other tissues with a high cell replication rate, such as bone marrow and gut epithelium.

Selective delivery (drug targeting)

Simple topical application, e.g. skin and eye, and special drug delivery systems, e.g. intrabronchial administration of
B2-adrenoceptor agonist or corticosteroid (inhaled, pressurised, metered aerosol for asthma) can achieve the
objective of target tissue selectivity. Selective targeting of drugs to less accessible sites of disease offers considerable
scope for therapy as technology develops, e.g. attaching drugs to antibodies selective for cancer cells.

Stereoselectivity

Drug molecules are three-dimensional and many drugs contain one or more asymmetrical or chiraF centres in their
structures, i.e. a single drug can be, in effect, a mixture of two non-identical mirror images (like a mixture of left- and
right-handed gloves). The two forms, which are known as enantiomorphs, can exhibit very different
pharmacodynamic, pharmacokinetic and toxicological properties.

For example, (1) the S form of warfarin is four times more active than the R form,’ (2) the peak plasma concentration
of S fenoprofen is four times that of R fenoprofen after oral administration of RS fenoprofen, and (3) the S, but not the
R, enantiomorph of thalidomide is metabolised to primary toxins.

Many other drugs are available as mixtures of enantiomorphs (racemates). Pharmaceutical development of drugs as
single enantiomers rather than as racemic mixtures offers the prospect of greater selectivity of action and lessens risk
of toxicity.

QUANTITATIVE ASPECTS

That a drug has a desired qualitative action is obviously all important, but is not by itself enough. There are also
quantitative aspects, i.e. the right amount of action is required, and with some drugs the dose has to be adjusted very
precisely to deliver this, neither too little nor too much, to escape both inefficacy and toxicity, e.g. digoxin, lithium,



gentamicin. Whilst the general correlation between dose and response may evoke no surprise, certain characteristics
of the relation are fundamental to the way drugs are used, as described below.

DOSE-RESPONSE RELATIONSHIPS

Conventionally, the horizontal axis shows the dose and the response appears on the vertical axis. The slope of the
dose-response curve defines the extent to which a desired response alters as the dose is changed. A steeply rising
and prolonged curve indicates that a small change in dose produces a large change in drug effect over a wide dose
range, e.g. with the loop diuretic, furosemide (used in doses from 20 mg to over 250 mg/day). By contrast, the dose-
response curve for thiazide diuretics soon reaches a plateau, and the clinically useful dose range for
bendroflumethiazide, for example, extends from 5 to 10 mg; increasing the dose beyond this produces no added
diuretic effect, although it adds to toxicity.

Dose-response curves for wanted and unwanted effects can illustrate and quantify selective and non-selective drug
action (see Fig. 7.1 below).

POTENCY AND EFFICACY

A clear distinction between potency and efficacy is pertinent, particularly in relation to claims made for usefulness in
therapeutics.

Potency is the amount (weight) of drug in relation to its effect, e.g. if weight-for-weight drug A has a greater effect
than drug B, then drug A is more potent than drug B, although the maximum therapeutic effect obtainable may be
similar with both drugs.

The diuretic effect of bumetanide 1 mg is equivalent to that of furosemide 50 mg; thus bumetanide is more potent than
furosemide but both drugs achieve about the same maximum effect. The difference in weight of drug administered is
of no clinical significance unless it is great.

Pharmacological efficacy refers to the strength of response induced by occupancy of a receptor by an agonist
(intrinsic activity); it is a specialised pharmacological concept. But clinicians are concerned with therapeutic efficacy,
as follows.

Therapeutic efficacy, or effectiveness, is the capacity of a drug to produce an effect and refers to the maximum such
effect. For example, if drug A can produce a therapeutic effect that cannot be obtained with drug B, however much of
drug B is given, then drug A has the higher therapeutic efficacy. Differences in therapeutic efficacy are of great clinical
importance.

Amiloride (low efficacy) can at best effect excretion of no more than 5% of the sodium load filtered by the glomeruli;
there is no point in increasing the dose beyond that which achieves this, as this is its maximum diuretic effect.
Bendroflumethiazide (moderate efficacy) can effect excretion of no more than 10% of the filtered sodium load no
matter how large the dose. Furosemide can effect excretion of 25% and more of filtered sodium; it is a high-efficacy
diuretic.

Therapeutic index. With progressive increases in dose, the desired response in the patient usually rises to a
maximum beyond which further increases elicit no greater benefit but induce unwanted effects. This is because most
drugs do not have a single dose-response curve, but a different curve for each action, wanted as well as unwanted.
Increases in dose beyond that which gives the maximum wanted response recruit only new and unwanted actions.

A sympathomimetic bronchodilator might exhibit one dose-response relation for decreasing airway resistance
(wanted) and another for increase in heart rate (unwanted). Clearly, the usefulness of any drug relates closely to the
extent to which such dose-response relations overlap.

Ehrlich (see p. 175) introduced the concept of the therapeutic index or ratio as the maximum tolerated dose divided by
the minimum curative dose, but the index is never calculated thus as such single doses cannot be determined
accurately in humans. More realistically, a dose that has some unwanted effect in 50% of humans, e.g. in the case of
an adrenoceptor agonist bronchodilator a specified increase in heart rate, is compared with that which is therapeutic in
50% (EDsp), e.9. a specified decrease in airways resistance.

In practice, such information is not available for many drugs but the therapeutic index does embody a concept that is
fundamental in comparing the usefulness of one drug with another, namely, safety in relation to efficacy. Figure 7.1
expresses the concept diagrammatically.
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Figure 7.1 Dose-response curves for two hypothetical drugs. For drug A, the dose that brings about the maximum wanted effect is
less than the lowest dose that produces the unwanted effect. The ratio EDsg (unwanted effect)/EDso (wanted effect) indicates that
drug A has a large therapeutic index; it is thus highly selective in its wanted action. Drug B causes unwanted effects at doses well
below producing its maximum benefit. The ratio EDso (unwanted effect)/EDso (wanted effect) indicates that the drug has a small
therapeutic index: it is thus non-selective.

TOLERANCE

Continuous or repeated administration of a drug is often accompanied by a gradual diminution of the effect it
produces. A state of tolerance exists when it becomes necessary to increase the dose of a drug to get an effect
previously obtained with a smaller dose, i.e. reduced sensitivity. By contrast, the term tachyphylaxis describes the
phenomenon of progressive lessening of effect (refractoriness) in response to frequently administered doses (see
Receptors, p. 76); it tends to develop more rapidly than tolerance.

The use of opioids readily illustrates tolerance, as witnessed by the huge doses of morphine that may be necessary to
maintain pain relief in terminal care; the effect is due to reduced pharmacological efficacy (see p. 79) at receptor sites
or to down-regulation of receptors. Tolerance is acquired rapidly with nitrates used to prevent angina, possibly
mediated by the generation of oxygen free radicals from nitric oxide; it can be avoided by removing transdermal nitrate
patches for 4-8 h, e.g. at night, to allow the plasma concentration to fall.

Accelerated metabolism by enzyme induction (see p. 97) also leads to tolerance, as experience shows with alcohol,
taken regularly as opposed to sporadically. There is commonly cross-tolerance between drugs of similar structure.

Failure of certain individuals to respond to normal doses of a drug, e.g. resistance to warfarin, vitamin D, constitutes a
form of natural tolerance (see Pharmacogenetics, p. 105).

BIOASSAY AND STANDARDISATION

Biological assay (bioassay) is the process by which the activity of a substance (identified or unidentified) is measured
on living material: e.g. contraction of bronchial, uterine or vascular muscle. It is used only when chemical or physical
methods are not practicable as in the case of a mixture of active substances, or of an incompletely purified
preparation, or where no chemical method has been developed. The activity of a preparation is expressed relative to
that of a standard preparation of the same substance.

Biological standardisation is a specialised form of bioassay. It involves matching of material of unknown potency with
an international or national standard with the objective of providing a preparation for use in therapeutics and research.
The results are expressed as units of a substance rather than its weight, e.g. insulin, vaccines.



PHARMACOKINETICS

To initiate a desired drug action is a qualitative choice but, when the qualitative choice is
made, considerations of quantity immediately arise; it is possible to have too much or too little
of a good thing. To obtain the right effect at the right intensity, at the right time, for the right
duration, with minimal risk of unpleasantness or harm, is what pharmacokinetics is about.

Dosage regimens of long-established drugs grew from trial and error. Doctors learned by experience the dose, the
frequency of dosing and the route of administration that was most likely to benefit and least likely to harm. But this
empirical ('suck it and see') approach is no longer tenable. We now have an understanding of how drugs cross
membranes to enter the body, how they are distributed round it in the blood and other body fluids, how they are bound
to plasma proteins and tissues (which act as stores), and how they are eliminated from the body. Quantification of
these processes paves the way for efficient development of dosing regimens.

Pharmacokinetics* is concerned with the rate at which drug molecules cross cell membranes
to enter the body, to distribute within it and to leave the body, as well as with the structural
changes (metabolism) to which they are subject within it.

The discussion covers the following topics:

Drug passage across cell membranes.
Order of reaction or process (first and zero order).
Time course of drug concentration and effect:
o plasma half-life and steady-state concentration
o therapeutic monitoring.
The individual processes: absorption, distribution, metabolism (biotransformation), elimination.

DRUG PASSAGE ACROSS CELL MEMBRANES

Certain concepts are fundamental to understanding how drug molecules make their way around the body to achieve
their effect. The first concerns the modes by which drugs cross cell membranes and cells.

Our bodies are labyrinths of fluid-filled spaces. Some, such as the lumina of the kidney tubules or intestine, are
connected to the outside world; the blood, lymph and cerebrospinal fluid are enclosed. Sheets of cells line these
spaces, and the extent to which a drug can cross epithelia or endothelia is fundamental to its clinical use, determining
whether a drug can be taken orally for systemic effect, and whether within the glomerular filtrate it will be reabsorbed
or excreted in the urine.

Cell membranes are essentially bilayers of lipid molecules with 'islands' of protein, and they preserve and regulate the
internal environment. Lipid-soluble substances diffuse readily into cells and therefore throughout body tissues.
Adjacent epithelial or endothelial cells are linked by tight junctions, some of which are traversed by water-filled
channels that allow the passage of water-soluble substances of small molecular size.

The jejunum and proximal renal tubule contain many such channels and are leaky epithelia, whereas the tight
junctions in the stomach and urinary bladder do not have these channels and water cannot pass; they are termed tight
epithelia. Special protein molecules within the lipid bilayer allow specific substances to enter or leave the cell
preferentially, i.e. energy-utilising transporter processes, described later. The natural processes of passive diffusion,
filtration and carrier-mediated transport determine the passage of drugs across membranes and cells and their
distribution round the body.

PASSIVE DIFFUSION

This is the most important means by which a drug enters the tissues and distributes through them. It refers simply to
the natural tendency of any substance to move passively from an area of high concentration to one of low
concentration. In the context of an individual cell, the drug moves at a rate proportional to the concentration difference
across the cell membrane, i.e. it shows first-order kinetics (see p. 84); cellular energy is not required, which means
that the process does not become saturated and is not inhibited by other substances.

The extent to which drugs are soluble in water or lipid is central to their capacity to cross cell membranes and
depends on environmental pH and the structural properties of the molecule.

Lipid solubility is promoted by the presence of a benzene ring, a hydrocarbon chain, a steroid
nucleus or halogen (-Br, -Cl, -F) groups. Water solubility is promoted by the presence of
alcoholic (-OH), amide (-CO-NH,) or carboxylic (-COOH) groups, or the formation of
glucuronide and sulphate conjugates.



It is useful to classify drugs in a physicochemical sense into:

o Those that are variably ionised according to environmental pH (electrolytes) (lipid soluble or water soluble).

e Those that are incapable of becoming ionised whatever the environmental pH (un-ionised, non-polar
substances) (lipid soluble).

e Those that are permanently ionised whatever the environmental pH (ionised, polar substances) (water
soluble).

DRUGS THAT IONISE ACCORDING TO ENVIRONMENTAL PH

Many drugs are weak electrolytes, i.e. their structural groups ionise to a greater or lesser extent, according to
environmental pH. Most such molecules are present partly in the ionised and partly in the un-ionised state. The
degree of ionisation influences lipid solubility (and hence diffusibility) and so affects absorption, distribution and
elimination.

lonisable groups in a drug molecule tend either to lose a hydrogen ion (acidic groups) or to add a hydrogen ion (basic
groups). The extent to which a molecule has this tendency to ionise is given by the dissociation (or ionisation)
constant (K,), expressed as the pK,, i.e. the negative logarithm of the K, (just as pH is the negative logarithm of the
hydrogen ion concentration). In an acidic environment, i.e. one already containing many free hydrogen ions, an acidic
group tends to retain a hydrogen ion and remains un-ionised; a relative deficit of free hydrogen ions, i.e. a basic
environment, favours loss of the hydrogen ion from an acidic group, which thus becomes ionised. The opposite is the
case for a base. The issue may be summarised:

e Acidic groups become less ionised in an acidic environment.
e Basic groups become less ionised in a basic (alkaline) environment and vice versa.

This in turn influences diffusibility because:

e Un-ionised drug is lipid soluble and diffusible.
e lonised drug is lipid insoluble and non-diffusible.

Quantifying the degree of ionisation helps to express the profound effect of environmental pH. Recall that when the pH
of the environment is the same as the pKj, of a drug within it, then the ratio of un-ionised to ionised molecules is 1 : 1.
But for every unit by which pH is changed, the ratio of un-ionised to ionised molecules changes 10-fold. Thus, when
the pH is 2 units less than the pK,, molecules of an acid become 100 times more un-ionised and when the pH is 2
units more than the pK,, molecules of an acid become 100 more ionised. Such pH change profoundly affects drug
kinetics.

pH variation and drug kinetics

The pH partition hypothesis expresses the separation of a drug across a lipid membrane according to differences in
environmental pH. There is a wide range of pH in the gut (pH 1.5 in the stomach, 6.8 in the upper and 7.6 in the lower
intestine). But the pH inside the body is maintained within a limited range (pH 7.46 £ 0.04), so that only drugs that are
substantially un-ionised at this pH will be lipid soluble, diffuse across tissue boundaries and so be widely distributed,
e.g. into the CNS. Urine pH varies between the extremes of 4.6 and 8.2, and the prevailing pH affects the amount of
drug reabsorbed from the renal tubular lumen by passive diffusion.

In the stomach, aspirin (acetylsalicylic acid, pK, 3.5) is un-ionised and thus lipid soluble and diffusible. When aspirin
enters the gastric epithelial cells (pH 7.4) it will ionise, become less diffusible and so will localise there. This ion
trapping is one mechanism whereby aspirin is concentrated in, and so harms, the gastric mucosa. In the body aspirin
is meta-bolised to salicylic acid (pK, 3.0), which at pH 7.4 is highly ionised and thus remains in the extracellular fluid.
Eventually the molecules of salicylic acid in the plasma are filtered by the glomeruli and pass into the tubular fluid,
which is generally more acidic than plasma and causes a proportion of salicylic acid to become un-ionised and lipid
soluble so that it diffuses back into the tubular cells. Alkalinising the urine with an intravenous infusion of sodium
bicarbonate causes more salicylic acid to become ionised and lipid insoluble so that it remains in the tubular fluid, and
is then eliminated in the urine. Treatment for salicylate (aspirin) overdose utilises this effect.

Conversely, acidifying the urine increases the elimination of the base amfetamine (pK, 9.9) (see Acidification of urine,
Chapter 9, p. 134).

DRUGS THAT ARE INCAPABLE OF BECOMING IONISED



These include digoxin and steroid hormones such as prednisolone. Effectively lacking any ionisable groups, they are
unaffected by environmental pH, are lipid soluble and so diffuse readily across tissue boundaries. These drugs are
also referred to as non-polar.

PERMANENTLY IONISED DRUGS

Drugs that are permanently ionised contain groups that dissociate so strongly that they remain ionised over the range
of the body pH. Such compounds are termed polar, for their groups are either negatively charged (acidic, e.g. heparin)
or positively charged (basic, e.g. ipratropium, tubocurarine, suxamethonium) and all have a very limited capacity to
cross cell membranes. This is a disadvantage with heparin, which the gut does not absorb so that it is given
parenterally. Conversely, heparin is a useful anticoagulant in pregnancy because it does not cross the placenta (which
the orally effective warfarin does and is liable to cause fetal haemorrhage as well as being teratogenic).

The following are particular examples of the relevance of drug passage across membranes.

Brain and cerebrospinal fluid (CSF)

The capillaries of the cerebral circulation differ from those in most other parts of the body in that they lack the filtration
channels between endothelial cells through which substances in the blood normally gain access to the extracellular
fluid. Tight junctions between adjacent capillary endothelial cells, together with their basement membrane and a thin
covering from the processes of astrocytes, separate the blood from the brain tissue, forming the blood-brain barrier.
Compounds that are lipid insoluble do not cross it readily, e.g. atenolol, compared with propranolol (lipid soluble), and
unwanted CNS effects are more prominent with the latter. Therapy with methotrexate (lipid insoluble) may fail to
eliminate leukaemic deposits in the CNS.

Conversely lipid-soluble substances enter brain tissue with ease; thus diazepam (lipid soluble) given intravenously is
effective within 1 min for status epilepticus, and effects of alcohol (ethanol) by mouth are noted within minutes; the
level of general anaesthesia can be controlled closely by altering the concentration of inhaled anaesthetic gas (lipid
soluble).

Placenta

Maternal blood bathes the chorionic villi, which consist of a layer of trophoblastic cells that enclose fetal capillaries.
Their large surface area and the high placental blood flow (500 mL/min) are essential for gas exchange, uptake of
nutrients and elimination of waste products. Thus a lipid barrier separates the fetal and maternal bloodstreams,
allowing the passage of lipid-soluble substances but excluding water-soluble compounds, especially those with a
molecular weight exceeding 600.°

This exclusion is of particular importance with short-term use, e.g. tubocurarine (mol. wt. 772) (lipid insoluble) or
gallamine (mol. wt. 891) used as a muscle relaxant during caesarean section do not affect the infant; with prolonged
use, however, all compounds will eventually enter the fetus to some extent (see Index).

FILTRATION

Aqueous channels in the tight junctions between adjacent epithelial cells allow the passage of some water-soluble
substances. Neutral or uncharged, i.e. non-polar, molecules pass most readily because the pores are electrically
charged. Within the alimentary tract, channels are largest and most numerous in jejunal epithelium, and filtration
allows for rapid equilibration of concentrations and consequently of osmotic pressures across the mucosa. lons such
as sodium enter the body through the aqueous channels, the size of which probably limits passage to substances of
low molecular weight, e.g. ethanol (mol. wt. 46). Filtration seems to play at most a minor role in drug transfer within the
body except for glomerular filtration, which is an important mechanism of drug excretion.

CARRIER-MEDIATED TRANSPORT

The membranes of many cells incorporate carrier-mediated transporter processes that control the entry and exit of
endogenous molecules, and show a high degree of specificity for particular compounds because they have evolved
from biological needs for the uptake of essential nutrients or elimination of metabolic products. Drugs that bear some
structural resemblance to natural constituents of the body are likely to utilise these mechanisms.

Some carrier-mediated transport processes operate passively, i.e. do not require cellular energy, and this is facilitated
diffusion, e.g. vitamin B4, absorption. Other, energy-requiring processes move substrates into or out of cells against a
concentration gradient very effectively, i.e. by active transport; they are subject to saturation, inhibition and induction
(see p. 97).

THE ORDER OF REACTION OR PROCESS

In the body, drug molecules reach their sites of action after crossing cell membranes and cells, and many are
metabolised in the process. The rate at which these movements or changes take place is subject to important



influences called the order of reaction or process. In biology generally, two orders of such reactions are recognised,
and are summarised as follows:

o First-order processes by which a constant fraction of drug is transported/metabolised in unit time.
e Zero-order processes by which a constant amount of drug is transported/metabolised in unit time.

FIRST-ORDER (EXPONENTIAL) PROCESSES

In the majority of instances, the rates at which absorption, distribution, metabolism and excretion of a drug occur are
directly proportional to its concentration in the body. In other words, transfer of drug across a cell membrane or
formation of a metabolite is high at high concentrations and falls in direct proportion to be low at low concentrations
(an exponential relationship).

This is because the processes follow the Law of Mass Action, which states that the rate of reaction is directly
proportional to the active masses of reacting substances. In other words, at high concentrations there are more
opportunities for crowded molecules to interact with one another or to cross cell membranes than at low, uncrowded
concentrations. Processes for which the rate of reaction is proportional to the concentration of participating molecules
are first order.

In doses used clinically, most drugs are subject to first-order processes of absorption, distribution, metabolism and
elimination, and this knowledge is useful. The current chapter later describes how the rate of elimination of a drug
from the plasma falls as the concentration in plasma falls, and the time for any plasma concentration to fall by 50%
(t4, the plasma half-life) is always the same. Thus it becomes possible to quote a constant value for the £, of the drug.
This occurs because rate and concentration are in proportion, i.e. the process obeys first-order kinetics.

Knowing that first-order conditions apply to a drug allows the performance of accurate calculations that depend on its
t,,, i.e. time to achieve steady-state plasma concentration, time to elimination, and the construction of dosing
schedules.

ZERO-ORDER PROCESSES (SATURATION KINETICS)

As the amount of drug in the body rises, metabolic reactions or processes that have limited capacity become
saturated. In other words, the rate of the process reaches a maximum amount at which it stays constant, e.g. due to
limited activity of an enzyme, and any further increase in rate is impossible despite an increase in the dose of drug. In
these circumstances, the rate of reaction is no longer proportional to dose, and exhibits rate-limited or dose-
dependent6 or zero-order or saturation kinetics. In practice, enzyme-mediated metabolic reactions are the most likely
to show rate limitation because the amount of enzyme present is finite and can become saturated. Passive diffusion
does not become saturated. There are some important consequences of zero-order kinetics.

Alcohol (ethanol) (see also p. 148) is a drug whose kinetics has considerable implications for society as well as for
the individual, as follows.

Alcohol is subject to first-order kinetics with a t,, of about 1 h at plasma concentrations below 10 mg/dL (attained after
drinking about two-thirds of a unit [glass] of wine or beer). Above this concentration the main enzyme (alcohol
dehydrogenase) that converts the alcohol into acetaldehyde approaches and then reaches saturation, at which point
alcohol metabolism cannot proceed any faster than about 10 mL or 8 g/h for a 70-kg man. If the subject continues to
drink, the blood alcohol concentration rises disproportionately, for the rate of metabolism remains the same, as alcohol
shows zero-order kinetics.

An illustration

Consider a man of average size whose life is unhappy to a degree where he drinks about half (375 mL) a standard
bottle of whisky (40% alcohol), i.e. 150 mL alcohol, over a short period, absorbs it and goes drunk to bed at midnight
with a blood alcohol concentration of about 250 mg/dL. /f alcohol metabolism were subject to first-order kinetics, with a
t,, of 1 h throughout the whole range of social consumption, the subject would halve his blood alcohol concentration
each hour (see Fig. 7.2). It is easy to calculate that, when he drives his car to work at 08.00 hours the next morning,
he has a negligible blood alcohol concentration (less than 1 mg/dL) though, no doubt, a hangover might reduce his
driving skill.

But at these high concentrations, alcohol is subject to zero-order kinetics and so, metabolising about 10 mL alcohol
per hour, after 8 h the subject has eliminated only 80 mL, leaving 70 mL in his body and giving a blood concentration
of about 120 mg/dL. At this level, his driving skill is seriously impaired. The subject has an accident on his way to work
despite his indignant protests that he last touched a drop before midnight. Banned from the road, on his train journey
to work he has leisure to reflect on the difference between first-order and zero-order kinetics.

In practice
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Figure 7.2 Changes in plasma concentration following an intravenous bolus injection of a drug in the elimination phase (the
distribution phase, see text, is not shown). As eIiminatign is a first-order process, the time for any concentration point to fall by 50%
(t/z) is always the same.

The instance above describes an imagined event but similar cases occur in everyday therapeutics. Phenytoin, at low
dose, exhibits a first-order elimination process and there is a directly proportional increase in the steady-state plasma
concentration with increase in dose. But gradually the enzymatic elimination process approaches and reaches
saturation, the process becoming constant and zero order. While the dosing rate can be increased, the metabolism
rate cannot, and the plasma concentration rises steeply and disproportionately, with danger of toxicity. Salicylate
metabolism also exhibits saturation kinetics but at high therapeutic doses. Clearly saturation kinetics is a significant
factor in delay of recovery from drug overdose, e.g. with aspirin or phenytoin.

Order of reaction and ty,

When a drug is subject to first-order kinetics, the t,, is a constant characteristic, i.e. a constant value can be quoted
throughout the plasma concentration range (accepting that there will be variation in t,, between individuals), and this is
convenient. But if the rate of a process is not directly proportional to plasma concentration, then the t,, cannot be
constant. Consequently, no single value for t., describes overall elimination when a drug exhibits zero-order kinetics.
In fact, t,, decreases as plasma concentration falls and the calculations on elimination and dosing that are so easy
with first-order elimination (see below) become more complicated.

Zero-order absorption processes apply to iron, to depot intramuscular formulations and to drug implants, e.g.
antipsychotics and sex hormones.

TIME COURSE OF DRUG CONCENTRATION AND EFFECT
PLASMA HALF-LIFE AND STEADY-STATE CONCENTRATION

The manner in which plasma drug concentration rises or falls when dosing begins, alters or ceases follows certain
simple rules, which provide a means for rational control of drug effect. Central to understanding these is the concept of
half-life (t.,) or half-time.

Decrease in plasma concentration after an intravenous bolus injection

Following an intravenous bolus injection (a single dose injected in a period of seconds as distinct from a continuous
infusion), plasma concentration rises quickly as drug enters the blood to reach a peak. There is then a sharp drop as
the drug distributes round the body (distribution phase), followed by a steady decline as drug is removed from the
blood by the liver or kidneys (elimination phase). If the elimination processes are first order, the time taken for any
concentration point in the elimination phase to fall to half its value (the t.,) is always the same; see Figure 7.2. Note
that the drug is virtually eliminated from the plasma in five t,, periods.

The t* is the one pharmacokinetic value of a drug that it is most useful to know.
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Figure 7.3 Changes in plasma concentration during the course of a constant-rate intravenous infusion. (a) The infusion commences and plasma
concentration rises to reach a steady-state (plateau) in about 5 x t* periods. (b) The infusion rate is increased by 50% and the plasma concentration
rises further to reach a new steady state that is 50% higher than the original steady state; the process takes another 5 x t* periods. (c) The infusion

is decreased to the original rate and the plasma concentration returns to the original steady state in 5 x t” periods. (d) The infusion is discontinued
and the plasma concentration falls to virtually zero in 5 x t* periods.

With a constant rate infusion, the amount of drug in the body and with it the plasma concentration rise until a state is
reached at which the rate of administration to the body is exactly equal to the rate of elimination from it: this is called
the steady state. The plasma concentration is then on a plateau, and the drug effect is stable. Figure 7.3 depicts the
smooth changes in plasma concentration that result from a constant intravenous infusion. Clearly, giving a drug by
regularly spaced oral or intravenous doses will result in plasma concentrations that fluctuate between peaks and
troughs, but in time all of the peaks will be of equal height and all of the troughs will be of equal depth; this is also
called a steady-state concentration, as the mean concentration is constant.”

Time to reach steady state

It is important to know when a drug administered at a constant rate achieves a steady-state plasma concentration, for
maintaining the same dosing schedule then ensures a constant amount of drug in the body and the patient will
experience neither acute toxicity nor decline of effect. The t* provides the answer. Taking ultimate steady state
attained as 100%:

in 1 x t,,, the concentration will be (100/2) 50%

in 2 x t* (50 + 50/2) 75%

in 3 x t* (75 + 25/2) 87.5%

in 4 x t*, (87.5 + 12.5/2) 93.75%

in 5 x t*, (93.75 + 6.25/2) 96.875% of the ultimate steady state.

When a drug is given at a constant rate (continuous or repeated administration), the time to
reach steady state depends only on the t,, and, for all practical purposes, after 5 x t,, periods
the amount of drug in the body is constant and the plasma concentration is at a plateau (a-b in
Fig. 7.3).

Change in plasma concentration with change or cessation of dosing
The same principle holds for change from any steady-state plasma concentration to a new steady state brought about



by increase or decrease in the rate of drug administration. Provided the kinetics remain first order, increasing or
decreasing the rate of drug administration (b and ¢ in Fig. 7.3) gives rise to a new steady-state concentration in a time
equal to 5 x t* periods.

Similarly, starting at any steady-state plasma concentrahon (100%), discontinuing the dose (d in Fig. 7.3) will cause
the plasma concentration to fall to virtually zero in 5 x t* periods, as described in Figure 7.2.

Note that the difference between the rate of drug administration (input) and the rate of elimination (output) determines

the actual level of any steady-state plasma concentration (as opposed to the time taken to reach it). If drug elimination
remains constant and administration increases by 50%, in time the plasma concentration will reach a new steady-state
concentration, which will be 50% greater than the original.

The relation between t* and time to reach steady -state plasma concentration applies to all drugs that obey first-order
kinetics. This holds as much to dobutamine (t 2 min), when it is useful to know that an alteration of infusion rate will
reach a plateau within 10 min, as to digoxin (£* 36 h), when a constant daily oral dose will give a steady-state plasma
concentration only after 7.5 days This book quotes plasma t* values where they are relevant. Inevitably, natural
variation within the population produces a range in t* values for any drug and the text quotes only single average t*
values while recognising that the population range may be as much as 50% from the stated figure in either direction.

Some t” values are listed in Table 7.1 to illustrate their range and implications for dosing in clinical practice.

Table 7-1. Plasma t+, of some drugs

Drug ty,
adenosine <2s
dobutamine 2 min
benzylpenicillin 30 min
amoxicillin 1h
paracetamol 2h
midazolam 3h
tolbutamide 6h
atenolol 7h
dosulepin 25h
diazepam 40 h
piroxicam 45h
ethosuximide 54 h

Biological effect t., is the time in which the biological effect of a drug declines by one-half. With drugs that act
competitively on receptors (a- and $-adrenoceptor agomsts and antagonists) the biological effect t* can be estimated
with reasonable accuracy. Sometimes the biological effect t* cannot be provided, e.g. with antimicrobials when the
number of infecting organisms and their sensitivity determine the outcome.

THERAPEUTIC DRUG MONITORING

Patients differ greatly in the dose of drug required to achieve the same response. The dose of warfarin that maintains
a therapeutic concentration may vary as much as five-fold between individuals. This is a consequence of variation in
rates of drug metabolism, disposition and tissue responsiveness, and it raises the question of how optimal drug effect
can be achieved quickly for the individual patient.

In principle, drug effect relates to free (unbound) concentration at the tissue receptor site, which in turn reflects (but is
not necessarily the same as) the concentration in the plasma. For many drugs, correlation between plasma
concentration and effect is indeed better than that between dose and effect. Yet monitoring therapy by measuring drug
in plasma is of practical use only in selected instances. The underlying reasons repay some thought.

Plasma concentration may not be worth measuring where dose can be titrated against a quickly and easily
measured effect such as blood pressure (antihypertensives), body-weight (diuretics), INR (oral anticoagulants) or
blood sugar (hypoglycaemics).

Plasma concentration has no correlation with effect with drugs that act irreversibly (named 'hit and run drugs'
because their effect persists long after the drug has left the plasma). Such drugs destroy or inactivate target tissue
(enzyme, receptor) and restoration of effect occurs only after days or weeks, when resynthesis takes place, e.g. some
monoamine oxidase inhibitors, aspirin (on platelets), some anticholinesterases and anticancer drugs.



Plasma concentration may correlate poorly with effect

When a drug is metabolised to several products, active to varying degree or inactive, the assay of the parent drug
alone is unlikely to reflect its activity, e.g. some benzodiazepines. Similarly binding of basic drugs, e.g. lidocaine, to
acute phase proteins, e.g. as-acid glycoprotein, spuriously increases the total concentration in plasma. The best
correlation is likely to be achieved by measurement of free (active) drug in plasma water, but this is technically more
difficult and total drug in plasma is usually monitored in routine clinical practice.

Plasma concentration may correlate well with effect

Plasma concentration monitoring has proved useful:

e As a guide to the effectiveness of therapy, e.g. plasma gentamicin and other antimicrobials against sensitive
bacteria, plasma theophylline for asthma, plasma ciclosporin to avoid transplant rejection, lithium for mood
disorder.

e To reduce the risk of adverse drug effects when therapeutic doses are close to toxic doses (low therapeutic
index), e.g. otic damage with aminoglycoside antibiotics; adverse CNS effects of lithium, nephrotoxicity with
ciclosporin.

¢ When the desired effect is suppression of infrequent sporadic events such as epileptic seizures or episodes of
cardiac arrhythmia.

e To check patient compliance on a drug regimen, when there is failure of therapeutic effect at a known
effective dose, e.g. antiepilepsy drugs.

e To diagnose and manage drug overdose.

o When lack of therapeutic effect and toxicity may be difficult to distinguish. Digoxin is both a treatment for, and
sometimes the cause of, cardiac supraventricular tachycardia; a plasma digoxin measurement will help to
distinguish whether an arrhythmia is due to too little or too much digoxin.

Interpreting plasma concentration measurements

Recommended plasma concentrations for drugs appear throughout this book where these are relevant but the
following points ought to be kept in mind:

e The target therapeutic concentration range for a drug is a guide to optimise dosing together with other clinical
indicators of progress.

e Take account of the time needed to reach steady-state dosing conditions (see above). Additionally, some
drugs alter their own rates of metabolism by enzyme induction, e.g. carbamazepine and phenytoin, and it is
best to allow 2-4 weeks between change in dose and meaningful plasma concentration measurement.

e As ageneral rule, when a drug has a short t* it is desirable to know both peak (15 min after an intravenous
dose) and trough (just before the next dose) concentrations to provide efficacy without toxicity, as with
gentamicin (tyz 2.5 h). For a drug with a long t itis usually best to sample just before a dose is due; effective
immunosuppression with ciclosporin (£* 27 h) is obtained with trough concentrations of 50-200 micrograms/L
when the drug is given by mouth.

INDIVIDUAL PHARMACOKINETIC PROCESSES
Drug absorption into, distribution around, metabolism by and eliminated from the body are reviewed.
ABSORPTION

Commonsense considerations of anatomy, physiology, pathology, pharmacology, therapeutics and convenience
determine the routes by which drugs are administered. Usually these are:

e Enteral: by mouth (swallowed) or by sublingual or buccal absorption; by rectum.

e Parenteral: by intravenous injection or infusion, intramuscular injection, subcutaneous injection or infusion,
inhalation, topical application for local (skin, eye, lung) or for systemic (transdermal) effect.

o Other routes, e.g. intrathecal, intradermal, intranasal, intratracheal, intrapleural, are used when appropriate.

The features of the various routes, their advantages and disadvantages are relevant.

ABSORPTION FROM THE GASTROINTESTINAL TRACT

The small intestine is the principal site for absorption of nutrients and it is also where most orally administered drugs



enter the body. This part of the gut has an enormous surface area due to the intestinal villi, and an epithelium through
which fluid readily filters in response to osmotic differences caused by the presence of food. Disturbed alimentary
motility can reduce drug absorption, i.e. if gastric emptying is slowed by food, or intestinal transit is accelerated by gut
infection. Additionally, it is becoming apparent that uptake and efflux transporters in enterocytes (see p. 97) play a
substantial role in controlling the absorption of certain drugs, e.g. digoxin, ciclosporin. Many sustained-release
formulations probably depend on absorption from the colon.

Absorption of ionisable drugs from the buccal mucosa responds to the prevailing pH, which is 6.2-7.2. Lipid-soluble
drugs are rapidly effective by this route because blood flow through the mucosa is abundant; these drugs enter
directly into the systemic circulation, avoiding the possibility of first-pass (presystemic) inactivation by the liver and gut
(see below).

The stomach does not play a major role in absorbing drugs, even those that are acidic and thus un-ionised and lipid
soluble at gastric pH, because its surface area is much smaller than that of the small intestine and gastric emptying is
speedy (t* 30 min).

ENTEROHEPATIC CIRCULATION

This system is illustrated by the bile salts which are formed in the liver, then conserved by circulating round liver,
intestine and portal blood about eight times a day. Several drugs form conjugates with glucuronic acid in the liver and
enter the bile. Too polar (ionised) to be reabsorbed, the glucuronides remain in the gut, are hydrolysed by intestinal
enzymes and bacteria, and the parent drug, thus released, is reabsorbed and reconjugated in the liver. Enterohepatic
recycling appears to help sustain the plasma concentration and thus the effect of sulindac, pentaerithrityl tetranitrate
and ethinylestradiol (in many oral contraceptives).

SYSTEMIC AVAILABILITY AND BIOAVAILABILITY

A drug that is injected intravenously enters the systemic circulation and thence gains access to the tissues and to
receptors, i.e. 100% is available to exert its therapeutic effect. If the same quantity of the drug is swallowed, it does
not follow that the entire amount will reach first the portal blood and then the systemic blood, i.e. its availability for
therapeutic effect via the systemic circulation may be less than 100%. The anticipated response to a drug must take
account of its availability to the systemic circulation.

While considerations of reduced availability attach to any drug given by any route other than intravenously, and
intended for systemic effect, in practice the issue concerns enteral administration. The extent of systemic availability is
ordinarily calculated by relating the area under the plasma concentration-time curve (AUC) after a single oral dose to
that obtained after intravenous administration of the same amount (by which route a drug is 100% systemically
available). Calculation of AUCs after oral doses also allows a comparison of the bioavailability of different
pharmaceutical formulations of the same drug. Factors influencing systemic availability present in three main ways, as
described below.

Pharmaceutical factors®

The amount of drug released from a dose form (and so becoming available for absorption) is referred to as its
bioavailability. This is highly dependent on its pharmaceutical formulation. With tablets, for example, particle size
(surface area exposed to solution), diluting substances, tablet size and pressure used in the tabletting process can
affect disintegration and dissolution and so the bioavailability of the drug. Manufacturers must test their products to
ensure that their formulations release the same amount of drug at the same speed from whatever manufactured batch
or brand the patient may be taking.

Differences in bioavailability are prone to occur with modified-release (m/r) formulations, i.e. where the rate or place of
release of the active ingedients has been modified (also called sustained, controlled or delayed release) (see p. 102).
Modified-release preparations from different manufacturers may differ in their bioavailability profiles despite containing
the same amount of drug, i.e. there is neither bioequivalence nor therapeutic equivalence, and the problem is
particularly acute where the therapeutic ratio is narrow. In this case, 'brand name prescribing', i.e. using only a
particular brand name for a particular patient is justified, e.g. for m/r preparations of theophylline, lithium, nifedipine
and diltiazem.

A very unfortunate case occurred some time ago in a doctor who had prescribed aconitine to a patient and gradually
increased the dose. He thought he was quite certain that he knew what he was doing. The druggist's supply of
aconitine ran out, and he procured some new aconitine from a different maker. This turned out to be many times
stronger than the other, and the patient unfortunately became very ill. The doctor said, 'lt cannot be the medicine', and
to show that this was true, he drank off a dose himself with the result that he died. So you must remember the
difference in the different preparations of aconitine®

Physicians tend to ignore pharmaceutical formulation as a factor in variable or unexpected responses because they
do not understand it and feel entitled to rely on reputable manufacturers and official regulatory authorities to ensure
provision of reliable formulations. Good pharmaceutical companies reasonably point out that, having a reputation to



lose, they take much trouble to make their preparations consistently reliable. This is a matter of great importance
when dosage must be precise (anticoagulants, antidiabetics, adrenal corticosteroids). The following account by the
physician Lauder Brunton in 1897 indicates that the phenomenon of variable bioavailability is not recent: i.e. they had
different bioavailability and so lacked therapeutic equivalence.

Biological factors

Biological factors related to the gut include limitation of drug absorption by drug transporter systems (see p. 97),
destruction of drug by gastric acid, e.g. benzylpenicillin, and impaired absorption due to rapid intestinal transit, which
is important for all drugs that are absorbed slowly. Drugs may also bind to food constituents, e.g. tetracyclines to
calcium (in milk), and to iron, or to other drugs (e.g. acidic drugs to colestyramine), and the resulting complex is not
absorbed.

Presystemic (first pass) elimination

Some drugs readily enter gut mucosal cells, yet appear in low concentration in the systemic circulation. The reason
lies in the considerable extent to which such drugs are metabolised in a single passage through the gut mucosa and
(principally) the liver. As little as 10-20% of the parent drug may enter the systemic circulation unchanged. By contrast,
after intravenous administration, 100% becomes systemically available and the patient experiences higher
concentrations with greater, but more predictable, effect. Dosing, particularly initial doses, must take account of
discrepancy in anticipated plasma concentrations between the intravenous and oral routes. The difference is less if a
drug produces active metabolites.

Once a drug is in the systemic circulation, irrespective of which route is used, about 20% is subject to the hepatic
metabolic processes in each circulation time because that proportion of cardiac output passes to the liver.

As the degree of presystemic elimination differs much between drugs and individuals, the phenomenon of first-pass
elimination adds to variation in systemic plasma concentrations, and thus particularly in initial response to the drugs
that are subject to this process. In drug overdose, decreased presystemic elimination with increased bioavailability
may account for the rapid onset of toxicity with antipsychotic drugs.

Drugs for which presystemic elimination is significant include:"

Analgesics Adrenoceptor blockers Others
dextropropoxy phene labetalol clomethiazole

propranolol chlorpromazine
morphine metoprolol isosorbide dinitrate
pentazocine oxprenolol nortriptyline
pethidine

In severe hepatic cirrhosis with both impaired liver cell function and well developed channels shunting blood into the
systemic circulation without passing through the liver, first-pass elimination reduces and systemic availability is
increased. The result of these changes is an increased likelihood of exaggerated response to normal doses of drugs
having high hepatic clearance and, on occasion, frank toxicity.

Drugs that exhibit the hepatic first-pass phenomenon do so because of the rapidity with which they are metabolised.
The rate of delivery to the liver, i.e. blood flow, is then the main determinant of its rate of metabolism. Many other
drugs are completely metabolised by the liver but at a slower rate and consequently loss in the first pass through the
liver is unimportant. Dose adjustment to account for presystemic elimination is unnecessary, e.g. for diazepam,
phenytoin, theophylline, warfarin.

ADVANTAGES AND DISADVANTAGES OF ENTERAL ADMINISTRATION
By swallowing
For systemic effect. Advantages are convenience and acceptability.

Disadvantages are that absorption may be delayed, reduced or even enhanced after food, or slow or irregular after
drugs that inhibit gut motility (antimuscarinic, opioid). Differences in presystemic elimination are a cause of variation in
drug effect between patients. Some drugs are not absorbed (gentamicin) and some drugs are destroyed in the gut
(insulin, oxytocin, some penicillins). Tablets taken with too small a quantity of liquid and in the supine position, can
lodge in the oesophagus with delayed absorption' and may even cause ulceration (sustained-release potassium
chloride and doxycycline tablets), especially in the feeble elderly and those with an enlarged left atrium which
impinges on the oesophagus.

For effect in the gut



Advantages are that the drug is placed at the site of action (neomycin, anthelminthics), and with non-absorbed drugs
the local concentration can be higher than would be safe in the blood.

Disadvantages are that drug distribution may be uneven, and in some diseases of the gut the whole thickness of the
wall is affected (severe bacillary dysentery, typhoid) and effective blood concentrations (as well as luminal
concentrations) may be needed.

Sublingual or buccal for systemic effect

Advantages are that the effect is quick, e.g. with glyceryl trinitrate as an aerosol spray, or as sublingual tablets that are
chewed, giving greater surface area for solution. Spitting out the tablet will terminate the effect.

Disadvantages are the inconvenience if use has to be frequent, irritation of the mucous membrane and excessive
salivation, which promotes swallowing, so losing the advantages of bypassing presystemic elimination.

Rectal administration
For systemic effect (suppositories or solutions)

The rectal mucosa has a rich blood and lymph supply and, in general, dose requirements are either the same or
slightly greater than those needed for oral use. Drugs chiefly enter the portal system, but those that are subject to
hepatic first-pass elimination may escape this if they are absorbed from the lower rectum, which drains directly to the
systemic circulation. The degree of presystemic elimination thus depends on distribution within the rectum and this is
somewhat unpredictable.

Advantages are that a suppository can replace a drug that irritates the stomach (aminophylline, indometacin); the
route is suitable in vomiting, motion sickness, migraine or when a patient cannot swallow, and when cooperation is
lacking (sedation in children).

Disadvantages are psychological in that the patient may be embarrassed or may like the route too much; rectal
inflammation may occur with repeated use and absorption can be unreliable, especially if the rectum is full of faeces.

For local effect, e.g. in proctitis or colitis, is an obvious use. A survey in the UK showed that a substantial proportion
of patients did not remove the wrapper before inserting the suppository.

ADVANTAGES AND DISADVANTAGES OF PARENTERAL ADMINISTRATION
(for systemic and local effect)

Intravenous (bolus or infusion)

An intravenous bolus, i.e. rapid injection, passes round the circulation being progressively diluted each time; it is
delivered principally to the organs with high blood flow (brain, liver, heart, lung, kidneys).

Advantages are that the intravenous route gives swift, effective and highly predictable blood concentration and allows
rapid modification of dose, i.e. immediate cessation of administration is possible if unwanted effects occur during
administration. The route is suitable for administration of drugs that are not absorbed from the gut or are too irritant
(anticancer agents) to be given by other routes.

Disadvantages are the hazard if drug administration too rapid, as plasma concentration may rise at a rate such that
normal mechanisms of distribution and elimination are outpaced. Some drugs will act within one arm-to-tongue (brain)
circulation time, which is 13 £ 3 s; with most drugs an injection given over four or five circulation times seems sufficient
to avoid excessive plasma concentrations. Local venous thrombosis is liable to occur with prolonged infusion and with
bolus doses of irritant formulations, e.g. diazepam, or microparticulate components of infusion fluids, especially if
small veins are used. Infection of the intravenous catheter and the small thrombi on its tip are also a risk during
prolonged infusions.

Intramuscular injection
Blood f|0\1N is greater in the muscles of the upper arm than in the gluteal mass and thigh, and increases with physical
exercise.

Advantages are that the route is reliable, suitable for irritant drugs, and depot preparations (neuroleptics, hormonal
contraceptives) are suitable for administration at monthly or longer intervals. Absorption is more rapid than following
subcutaneous injection (soluble preparations are absorbed within 10-30 min).

Disadvantages are that the route is not acceptable for self-administration, it may be painful, and if any adverse effects
occur with a depot formulation, it may not be removable.

Subcutaneous injection



Advantages are that the route is reliable and is acceptable for self-administration.

Disadvantages are poor absorption in peripheral circulatory failure. Repeated injections at one site can cause
lipoatrophy, resulting in erratic absorption (see Insulin, Chapter 35).

By inhalation
As a gas, e.g. volatile anaesthetics.

As an aerosol, e.g. 3,-adrenoceptor agonist bronchodilators. Aerosols are particles dispersed in a gas, the particles
being small enough to remain in suspension for a long time instead of sedimenting rapidly under the influence of
gravity; the particles may be liquid (fog) or solid (smoke).

As a powder, e.g. sodium cromoglicate. Particle size and air-flow velocity are important. Most particles greater than 5
micrometres in diameter impact in the upper respiratory areas; particles of about 2 micrometres reach the terminal
bronchioles; a large proportion of particles less than 1 micrometre are exhaled. Air-flow velocity diminishes
considerably as the bronchi progressively divide, promoting drug deposition peripherally.

Advantages are the rapid uptake or elimination of drugs as gases, giving the close control that has marked the use of
this route in general anaesthesia from its earliest days. Self-administration is practicable. Aerosols and powders
provide high local concentration for action on bronchi, minimising systemic effects.

Disadvantages are that special apparatus is needed (some patients find pressurised aerosols difficult to use to best
effect) and a drug must be non-irritant if the patient is conscious. Obstructed bronchi (mucous plugs in asthma) may
cause therapy to fail.

Topical application
For local effect, e.g. to skin, eye, lung, anal canal, rectum, vagina.

Advantage is the provision of high local concentration without systemic effect (usually”).

Disadvantage is that absorption can occur, especially when there is tissue destruction so that systemic effects result,
e.g. adrenal corticosteroids and neomycin to the skin, atropine to the eye. Ocular administration of a f-adrenoceptor
blocker may cause systemic effects (bypassing first-pass elimination) and such eye-drops are contraindicated in
asthma or chronic lung disease. ® There is extensive literature on this subject characterised by expressions of
astonishment that serious effects, even death, can occur.

For systemic effect

Transdermal delivery systems release drug through a rate-controlling membrane into the skin and so into the systemic
circulation. This avoids the fluctuations in plasma concentration associated with other routes of administration, as is
first-pass elimination in the liver. Glyceryl trinitrate and postmenopausal hormone replacement therapy may be given
this way, in the form of a sticking plaster attached to the skin'® or as an ointment (glyceryl trinitrate). One treatment for
migraine is a nasal spray containing sumatriptan.

DISTRIBUTION

If a drug is required to act throughout the body or to reach an organ inaccessible to topical administration, it must get
into the blood and other body compartments. Most drugs distribute widely, in part dissolved in body water, in part
bound to plasma proteins, in part to tissues. Distribution is often uneven, for drugs may bind selectively to plasma or
tissue proteins or be localised within particular organs. Clearly, the site of localisation of a drug is likely to influence its
action, e.g. whether it crosses the blood-brain barrier to enter the brain; the extent (amount) and strength (tenacity) of
protein or tissue binding (stored drug) will affect the time it spends in the body and thereby its duration of action.

DISTRIBUTION VOLUME

The pattern of distribution from plasma to other body fluids and tissues is a characteristic of each drug that enters the
circulation, and it varies between drugs. Precise information on the concentration of drug attained in various tissues
and fluids is usually not available for humans."” What is sampled readily in humans is blood plasma, the drug
concentration in which, taking account of the dose given, is a measure of whether a drug tends to remain in the
circulation or to distribute from the plasma into the tissues. In other words:

e If a drug remains mostly in the plasma, its distribution volume will be small.
e If adrug is present mainly in other tissues, the distribution volume will be large.

Such information can be useful. In drug overdose, if a major proportion of the total body load is known to be in the
plasma, i.e. the distribution volume is small, then haemodialysis/filtration is likely to be a useful option (as is the case



with severe salicylate poisoning), but it is an inappropriate treatment for overdose with dosulepin (see Table 7.2).

Table 7-2. Apparent distribution volume of some drugs (values are in litres for a 70-kg person
who would displace about 70 L)*

Drug Distribution volume Drug Distribution volume
Evans blue 3 (plasma volume) atenolol 77

heparin 5 diazepam 140
salicylate 9 pethidine 280

inulin 15 (extracellular water) digoxin 420
gentamicin 18 nortriptyline 1000
furosemide 21 dosulepin 4900
amoxicillin 28 chloroquine 13 000
antipyrine 43 (total body water)

* Litres per kilogram are commonly used, but give a less vivid image of the implication of the term 'apparent’, e.g. chloroquine.

The principle for measuring the distribution volume is essentially that of using a dye to find the volume of a container
filled with liquid. The weight of added dye divided by the concentration of dye once mixing is complete gives the
distribution volume of the dye, which is the volume of the container. Similarly, the distribution volume of a drug in the
body may be determined after a single intravenous bolus dose by dividing the dose given by the concentration
achieved in plasma.18

The result of this calculation, the distribution volume, in fact only rarely corresponds with a physiological body space
such as extracellular water or total body water, for it is a measure of the volume a drug would apparently occupy
knowing the dose given and the plasma concentration achieved, and assuming the entire volume is at that
concentration. For this reason, the term apparent distribution volume is often preferred. Indeed, the apparent
distribution volume of some drugs that bind extensively to extravascular tissues, which is based on the resulting low
plasma concentration, is many times total body volume.

The distribution volume of a drug is the volume in which it appears to distribute (or which it
would require) if the concentration throughout the body were equal to that in plasma, i.e. as if
the body were a single compartment.

The list in Table 7.2 illustrates a range of apparent distribution volumes. The names of those substances that
distribute within (and have been used to measure) physiological spaces are printed in italics.

Selective distribution within the body occurs because of special affinity between particular drugs and particular body
constituents. Many drugs bind to proteins in the plasma; phenothiazines and chloroquine bind to melanin-containing
tissues, including the retina, which may explain the occurrence of retinopathy. Drugs may also concentrate selectively
in a particular tissue because of specialised transport mechanisms, e.g. iodine in the thyroid.

PLASMA PROTEIN AND TISSUE BINDING

Many natural substances circulate around the body partly free in plasma water and partly bound to plasma proteins;
these include cortisol, thyroxine, iron, copper and, in hepatic or renal failure, byproducts of physiological intermediary
metabolism.

Drugs, too, circulate in the protein-bound and free states, and the significance is that the free fraction is
pharmacologically active whereas the protein-bound component is a reservoir of drug that is inactive because of this
binding. Free and bound fractions are in equilibrium, and free drug removed from the plasma by metabolism, renal
function or dialysis is replaced by drug released from the bound fraction.

Albumin is the main binding protein for many natural substances and drugs. Its complex structure has a net negative
charge at blood pH and a high capacity but low (weak) affinity for many basic drugs, i.e. a lot is bound but it is readily
released. Two particular sites on the albumin molecule bind acidic drugs with high affinity (strongly), but these sites
have low capacity. Saturation of binding sites on plasma proteins in general is unlikely in the doses in which most
drugs are used.

Other binding proteins in the blood include lipoprotein and a;-acid glycoprotein, both of which carry basic drugs such
as quinidine, chlorpromazine and imipramine. Thyroxine and sex hormones are bound in the plasma to specific
globulins.



Disease may modify protein binding of drugs to an extent that is clinically relevant, as Table 7.3 shows. In chronic
renal failure, hypoalbuminaemia and retention of products of metabolism that compete for binding sites on protein are
both responsible for the decrease in protein binding of drugs. Most affected are acidic drugs that are highly protein
bound, e.g. phenytoin, and initiating or modifying the dose of such drugs for patients with renal failure requires special
attention (see also Prescribing in renal disease, p. 489).

Chronic liver disease also leads to hypoalbuminaemia and an increase of endogenous substances such as bilirubin
that may compete for binding sites on protein. Drugs that are normally extensively protein bound should be used with
special caution, for increased free concentration of diazepam, tolbutamide and phenytoin have been demonstrated in
patients with this condition (see also Prescribing for patients with liver disease, p. 583).

The free, unbound, and therefore pharmacologically active percentages of some drugs are listed in Table 7.3 to
illustrate the range and, in some cases, changes recorded in disease.

Tissue binding

Some drugs distribute readily to regions of the body other than plasma, as a glance at Table 7.2 will show. These
include many lipid-soluble drugs, which may enter fat stores, e.g. most benzodiazepines, verapamil and lidocaine.
There is less information about other tissues, e.g. muscle, than about plasma protein binding because solid tissue
samples require invasive biopsy. Extensive binding to tissues delays elimination from the body and accounts for the
long t* of chloroquine and amiodarone.

Table 7-3. Examples of plasma protein binding of drugs and effects of disease

Drug % Unbound (free)
warfarin 1
diazepam 2 (6% in liver disease)
furosemide 2 (6% in nephrotic syndrome)
tolbutamide 2
amitriptyline 5
phenytoin 9 (19% in renal disease)
triamterene 19 (40% in renal disease)
trimethoprim 30
theophylline 35 (71% in liver disease)
morphine 65
digoxin 75 (82% in renal disease)
amoxicillin 82
ethosuximide 100

METABOLISM

The body treats most drugs as foreign substances (xenobiotics) and subjects them to various mechanisms for
eliminating chemical intruders.

Metabolism is a general term for chemical transformations that occur within the body and its processes change drugs
in two major ways by:

¢ reducing lipid solubility
e altering biological activity.

REDUCING LIPID SOLUBILITY
Metabolic reactions tend to make a drug molecule progressively more water soluble and so
favour its elimination in the urine.

Drug-metabolising enzymes developed during evolution to enable the bodg/ to dispose of lipid-soluble substances
such as hydrocarbons, steroids and alkaloids that are ingested with food." Some environmental chemicals may
persist indefinitely in our fat deposits, e.g. dicophane (DDT), with consequences that are currently unknown.

ALTERING BIOLOGICAL ACTIVITY



The end-result of metabolism usually is the abolition of biological activity, but various steps in between may have the
following consequences:

1. Conversion of a pharmacologically active to an inactive substance - this applies to most drugs.
Conversion of one pharmacologically active to another active substance - this has the effect of prolonging
drug action, as shown below.

3. Conversion of a pharmacologically inactive to an active substance (then called a prodrug). The process then
follows 1 or 2, above.

Active drug Active metabolite

amitriptyline nortriptyline

codeine morphine

chloroquine hydroxychloroquine

diazepam oxazepam

spironolactone canrenone

Inactive

substance Active metabolite(s) Comment

aciclovir aciclovir triphosphate |see p. 225

colecalciferol calcitriol and highly active metabolites of vitamin D 3; see p. 663
alfacalcidol

cyclophosphamide |phosphoramide another metabolite, acrolein, causes the bladder toxicity; see
mustard p. 544

perindopril perindoprilat less risk of first dose hypotension (applies to all ACE inhibitors

except captopril)

levodopa dopamine levodopa, but not dopamine, can cross the blood-brain barrier

sulindac sulindac sulphide possibly reduced gastric toxicity

sulfasalazine 5-aminosalicylic acid |see p. 577

zidovudine zidovudine see p. 228
triphosphate

THE METABOLIC PROCESSES

The liver is by far the most important drug-metabolising organ, although a number of tissues, including the kidney, gut
mucosa, lung and skin, also contribute. It is useful to think of drug metabolism in two broad phases.

Phase | metabolism brings about a change in the drug molecule by oxidation, reduction or hydrolysis and usually
introduces or exposes a chemically active site on it. The new metabolite often has reduced biological activity and
different pharmacokinetic properties, e.g. a shorter t*.

The principal group of reactions is the oxidations, in particular those undertaken by the (microsomal) mixed-function
oxidases which, as the name indicates, are capable of metabolising a wide variety of compounds. The most important
of these is a large 'superfamily' of haem proteins, the cytochrome P450 enzymes, which metabolise chemicals from
the environment, the diet and drugs. By a complex process, the drug molecule incorporates one atom of molecular
oxygen (O,) to form a (chemically active) hydroxyl group and the other oxygen atom converts to water.

The following explanation provides a background to the P450 nomenclature that accompanies accounts of the
metabolism of several individual drugs in this book. The many cytochrome P450 isoenzymes20 are indicated by the
letters CYP (from cytochrome P450) followed by a number denoting a family group, then a subfamily letter, and then a
number for the individual enzyme within the family: for example, CYP 2E1 is an isoenzyme that catalyses a reaction
involved in the metabolism of alcohol, paracetamol, estradiol and ethinylestradiol.

The enzymes of families CYP 1, 2 and 3 meta-bolise 70-80% of clinically used drugs as well as many other foreign
chemicals and, within these, CYP 3A, CYP 2D and CYP 2C are the most important.21 The very size and variety of the
P450 superfamily ensures that we do not need new enzymes for every existing or yet-to-be synthesised drug.
Induction and inhibition of P450 enzymes is a fruitful source of drug-drug interactions.*

Each P450 enzyme protein is encoded by a separate gene (57 have been identified in humans), and variation in
genes leads to differences between individuals, and sometimes between ethnic groups, in the ability to metabolise
drugs. Persons who exhibit polymorphisms (see p. 105) inherit diminished or increased ability to metabolise substrate



drugs, predisposing to toxicity or lack of efficacy.

Phase | oxidation of some drugs results in the formation of epoxides, which are short-lived and highly reactive
metabolites that bind irreversibly through covalent bonds to cell constituents and are toxic to body tissues. Glutathione
is a tripeptide that combines with epoxides, rendering them inactive, and its presence in the liver is part of an
important defence mechanism against hepatic damage by halothane and paracetamol.

Note that some drug oxidation reactions do not involve the P450 system: several biologically active amines are
inactivated by monoamine oxidase (see p. 339) and methylxanthines (see p. 169); mercaptopurine by xanthine
oxidase (see p. 272); ethanol by alcohol dehydrogenase (see p. 149).

Hydrolysis (Phase 1) reactions create active sites for subsequent conjugation of, e.g. aspirin, lidocaine.

Phase Il metabolism involves combination of the drug with one of several polar (water soluble) endogenous molecules
(products of intermediary metabolism), often at the active site (hydroxyl, amino, thiol) created by Phase | metabolism.
The kidney readily eliminates the resulting water-soluble conjugate, or the bile if the molecular weight exceeds 300.
Morphine, paracetamol and salicylates form conjugates with glucuronic acid (derived from glucose); oral contraceptive
steroids form sulphates; isoniazid, phenelzine and dapsone are acetylated. Conjugation with a more polar molecule is
also an elimination mechanism for natural substances, e.g. bilirubin as glucuronide, oestrogens as sulphates.

Phase |l metabolism almost invariably terminates biological activity.

Transporters®

It is convenient here to introduce the subject of carrier mediated transporter processes whose physiological functions
include the passage of amino acids, lipids, sugars, hormones and bile acids across cell membranes, and the
protection of cells against environmental toxins.

There is an emerging understanding that membrane transporters have a key role in the overall disposition of drugs to
their targeted organs. There are broadly two types: uptake transporters, which facilitate, for example, the passage of
organic anions and cations into cells, and efflux transporters, which transport substances out of cells, often against
high concentration gradients. Some transporters possess both influx and efflux properties.

Most efflux transporters are members of the ATP-binding cassette (ABC) superfamily that utilises energy derived from
the hydrolysis of ATP; they include the P-glycoprotein family that expresses multidrug resistance protein 1 (MDR1)
(see p. 549).

Their varied locations illustrate the potential for transporters widely to affect the distribution of drugs, namely in:

Enterocytes of the small intestine, controlling absorption and thus bioavailability, e.g. of ciclosporin, digoxin.
Liver cells, controlling uptake from the blood and excretion into the bile, e.g. of pravastatin.

¢ Renal tubular cells, controlling uptake from the blood, secretion into tubular fluid (and thus excretion) of
organic anions, e.g. B-lactam antibiotics, diuretics, non-steroidal anti-inflammatory drugs.

¢ Brain capillary endothelial cells, controlling passage across the blood-brain barrier, e.g. of levodopa (but not
dopamine) for benefit in Parkinson's disease (see p. 381).

In time, it is likely that drug occupancy of transporter processes will provide explanations for drug-induced toxicities
and for a number of drug-drug interactions.

ENZYME INDUCTION

The mechanisms that the body evolved over millions of years to metabolise foreign substances now enable it to meet
the modern environmental challenges of tobacco smoke, hydrocarbon pollutants, insecticides and drugs. At times of
high exposure, our enzyme systems respond by increasing in amount and so in activity, i.e. they become induced;
when exposure falls off, enzyme production lessens.

For example, a first alcoholic drink taken after a period of abstinence from alcohol may have a noticeable effect on
behaviour, but the same drink taken at the end of 2 weeks of regular imbibing may pass almost unnoticed because the
individual's liver enzyme activity is increased (induced), and alcohol is metabolised more rapidly, having less effect,
i.e. tolerance is acquired.

Inducing substances in general share some important properties: they tend to be lipid soluble, are substrates,
though sometimes only minor ones, e.g. DDT, for the enzymes they induce, and generally have a long t*. The time for
onset and offset of induction depends on the rate of enzyme turnover, but significant induction generally occurs within
a few days and it passes off over 2-3 weeks following withdrawal of the inducer.



Thus, certain drugs can alter the capacity of the body to metabolise other substances including drugs, especially in
long-term use; this phenomenon has implications for drug therapy. More than 200 substances induce enzymes in
animals but the list of proven enzyme inducers in humans is more restricted, as set out below.

Table 100-4. Substances that cause enzyme induction in humans

barbecued meats
barbiturates
Brussels sprouts
carbamazepine

DDT (dicophane, and other insecticides)
ethanol (chronic use)
glutethimide
griseofulvin
meprobamate
nevirapine
phenobarbital
phenytoin

primidone

rifampicin

St John's Wort
sulfinpyrazone
tobacco smoke

Enzyme induction is relevant to drug therapy because:

e Clinically important drug-drug (and drug-herb®*) interactions may result, for example, in failure of oral
contraceptives, loss of anticoagulant control, failure of cytotoxic chemotherapy.

o Disease may result. Antiepilepsy drugs accelerate the breakdown of dietary and endogenously formed vitamin
D, producing an inactive metabolite - in effect a vitamin D deficiency state, which can result in osteomalacia.
The accompanying hypocalcaemia can increase the tendency to fits and a convulsion may lead to fracture of
the demineralised bones.

e Tolerance to drug therapy may result in and provide an explanation for suboptimal treatment, e.g. with an
antiepilepsy drug.

e Variability in response to drugs is increased. Enzyme induction caused by heavy alcohol drinking or heavy
smoking may be an unrecognised cause for failure of an individual to achieve the expected response to a
normal dose of a drug, e.g. warfarin, theophylline.

e Drug toxicity may occur. A patient who becomes enzyme induced by taking rifampicin is more likely to develop
liver toxicity after paracetamol overdose by increased production of a hepatotoxic metabolite. (Such a patient
will also present with a deceptively low plasma concentration of paracetamol due to accelerated metabolism;
see p. 258).

ENZYME INHIBITION

The consequences of inhibiting drug metabolism can be more profound and more selective than enzyme induction
because the outcome is prolongation of action of a drug or metabolite. Consequently, enzyme inhibition offers more
scope for therapy (Table 7.4).

Enzyme inhibition by drugs is also the basis of a number of clinically important drug interactions (see p. 112).
ELIMINATION

Table 7-4. Some drugs that act by enzyme inhibition

Drug Enzyme inhibited In treatment of
acetazolamide carbonic anhydrase glaucoma
allopurinol xanthine oxidase gout

benserazide DOPA decarboxylase Parkinson's disease
disulfiram aldehyde dehydrogenase alcoholism

enalapril angiotensin converting enzyme  |hypertension, cardiac failure



moclobemide monoamine oxidase, A type depression
non-steroidal anti-inflammatory drugs  |cyclo-oxygenase pain, inflammation
selegiline monoamine oxidase, B type Parkinson's disease

The body eliminates drugs following their part or complete conversion to water-soluble metabolites or, in some cases,
without their being metabolised. To avoid repetition the following account refers to drug whereas the processes deal
with both drug and metabolites.

RENAL ELIMINATION
The following mechanisms are involved.

Glomerular filtration

The rate at which a drug enters the glomerular filtrate depends on the concentration of free drug in plasma water and
on its molecular weight. Substances having a molecular weight in excess of 50 000 do not cross into the glomerular
filtrate, whereas those of molecular weight less than 10 000 (which includes almost all drugs)25 pass easily through the
pores of the glomerular membrane.

Renal tubular transport

Uptake and efflux transporters in proximal renal tubule cells transfer organic anions and cations between the plasma
and the tubular fluid (see p. 97).

Renal tubular diffusion

The glomerular filtrate contains drug at the same concentration as it is free in the plasma, but the fluid is concentrated
progressively as it flows down the nephron so that a gradient develops, drug in the tubular fluid becoming more
concentrated than in the blood perfusing the nephron. As the tubular epithelium has the properties of a lipid
membrane, the extent to which a drug diffuses back into the blood will depend on its lipid solubility, i.e. on its pKj, in
the case of an electrolyte, and on the pH of tubular fluid. If the fluid becomes more alkaline, an acidic drug ionises,
becomes less lipid soluble and its reabsorption diminishes, but a basic drug becomes un-ionised (and therefore more
lipid soluble) and its reabsorption increases. Manipulation of urine pH gains useful expression with sodium
bicarbonate given to alkalinise the urine for salicylate overdose.

FAECAL ELIMINATION

When any drug, intended for systemic effect, is taken by mouth, a proportion may remain in the bowel and be
excreted in the faeces. Some drugs are intended not be absorbed from the gut, as an objective of therapy, e.g.
neomycin. The cells of the intestinal epithelium contain several carrier-mediated transporters that control the
absorption of drugs. The efflux transporter MDR1, for example, drives drug from the enterocyte into the gut lumen,
limiting its bioavailability (see p. 89). Drug in the blood may also diffuse passively into the gut lumen, depending on its
pK, and the pH difference between blood and gut contents. The effectiveness of activated charcoal by mouth for drug
overdose depends partly on its adsorption of such diffused drug, and subsequent eliminated in the faeces (see p.
130).

Biliary excretion

Transporters regulate the uptake of organic cations and anions from portal blood to hepatocyte, and thence to the bile
(see p. 97). The bile canaliculi tend to reabsorb small molecules and in general, only compounds having a molecular
weight greater than 300 pass into bile. (See also Enterohepatic circulation, p. 89.)

PULMONARY ELIMINATION

The lungs are the main route of elimination (and of uptake) of volatile anaesthetics. Apart from this, they play only a
trivial role in drug elimination. The route, however, acquires notable medicolegal significance when ethanol
concentration is measured in the air expired by vehicle drivers involved in road traffic accidents (via the breathalyser).

CLEARANCE

Elimination of a drug from the plasma is quantified in terms of its clearance. The term has the same meaning as the
familiar renal creatinine clearance, which is a measure of removal of endogenous creatinine from the plasma.
Clearance values can provide useful information about the biological fate of a drug. There are pharmacokinetic
methods for calculating fotal body and renal clearance, and the difference between these represents hepatic
clearance. The renal clearance of a drug eliminated only by filtration by the kidney obviously cannot exceed the
glomerular filtration rate (adult male 124 mL/min, female 109 mL/min). If a drug has a renal clearance in excess of
this, then the kidney tubules must actively secrete it, e.g. benzylpenicillin (renal clearance 480 mL/min).

BREAST MILK
Most drugs that are present in a mother's plasma appear to some extent in her milk, although the amounts are so



small that loss of drug in milk is of no significance as a mechanism of elimination.?® Even small amounts, however,
may sometimes be of significance for the suckling child, whose drug metabolic and eliminating mechanisms are
immature.

Whilst most drugs taken by the mother pose no hazard to the child, exceptions to this observation occur because
some drugs are inherently toxic, or transfer to milk in significant amounts, or there is a record of adverse effects, as
below.

DRUGS AND BREAST FEEDING?”

o Alimentary tract. Sulfasalazine may cause adverse effects and mesalazine appears preferable.

e Anti-asthma. The neonate eliminates theophylline and diprophylline slowly; observe the infant for irritability or

disturbed sleep.

Anticancer. Regard as unsafe because of inherent toxicity.

Antidepressants. Avoid doxepin, a metabolite of which may cause respiratory depression.

Anti-arrhythmics (cardiac). Amiodarone is present in high and disopyramide in moderate amounts.

Antiepilepsy. General note of caution: observe the infant for sedation and poor suckling. Primidone,

ethosuximide and phenobarbital are present in milk in high amounts; phenytoin and sodium valproate less so.

Anti-inflammatory. Regard aspirin (salicylates) as unsafe (possible association with Reye's syndrome).

e Antimicrobials. Metronidazole is present in milk in moderate amounts; avoid prolonged exposure. Avoid
nalidixic acid and nitrofurantoin where glucose-6-phosphate dehydrogenase deficiency is prevalent. Avoid
clindamycin, dapsone, lincomycin, sulphonamides. Regard chloramphenicol as unsafe.

o Antipsychotics. Phenothiazines, butyrophenones and thioxanthenes are best avoided unless the indications
are compelling: amounts in milk are small but animal studies suggest adverse effects on the developing
nervous system. In particular, moderate amounts of sulpiride enter milk. Avoid lithium if possible.

e Anxiolytics and sedatives. Benzodiazepines are safe if use is brief but prolonged use may cause somnolence
or poor suckling.

e [(-Adrenoceptor blockers. Neonatal hypoglycaemia may occur. Sotalol and atenolol are present in the highest
amounts in this group.

e Hormones. Oestrogens, progestogens and androgens suppress lactation in high dose. Oestrogen-
progestogen oral contraceptives are present in amounts too small to be harmful, but may suppress lactation if
it is not well established.

e Miscellaneous. Bromocriptine suppresses lactation. Caffeine may cause infant irritability in high doses.

DRUG DOSAGE

Drug dosage can be of five main kinds.

Fixed dose

The effect that is desired can be obtained at well below the toxic dose (many mydriatics, analgesics, oral
contraceptives, antimicrobials) and enough drug can be given to render individual variation clinically insignificant.

Variable dose - with crude adjustments. Here fine adjustments make comparatively insignificant differences and the
therapeutic endpoint may be hard to measure (depression, anxiety), may change only slowly (thyrotoxicosis), or may
vary because of pathophysiological factors (analgesics, adrenal corticosteroids for suppressing disease).

Variable dose - with fine adjustments. Here a vital function (blood pressure, blood sugar level), which often changes
rapidly in response to dose changes and can easily be measured repeatedly, provides the endpoint. Adjustment of
dose must be accurate. Adrenocortical replacement therapy falls into this group, whereas adrenocortical
pharmacotherapy falls into the group above.

Maximum tolerated dose is used when the ideal therapeutic effect cannot be achieved because of the occurrence of
unwanted effects (anticancer drugs; some antimicrobials). The usual way of finding this is to increase the dose until
unwanted effects begin to appear and then to reduce it slightly, or to monitor the plasma concentration.

Minimum tolerated dose. This concept is less common than the one above, but it applies to long-term adrenocortical
steroid therapy against inflammatory or immunological conditions, e.g. in asthma and some cases of rheumatoid

arthritis, when the dose that provides symptomatic relief may be so high that serious adverse effects are inevitable if it
is continued indefinitely. The compromise is incomplete relief on the grounds of safety. This can be difficult to achieve.

DOSING SCHEDULES

Dosing schedules are simply schemes aimed at achieving a desired effect whilst avoiding toxicity. The following
discussion assumes that drug effect relates closely to plasma concentration, which in turn relates closely to the



amount of drug in the body. The objectives of a dosing regimen where continuing effect is required are:

To specify an initial dose that attains the desired effect rapidly without causing toxicity. Often the dose that is
capable of initiating drug effect is the same as that which maintains it. On repeated dosing however, it takes 5x ¢,
periods to reach steady-state concentration in the plasma and this lapse of time may be undesirable. The effect may
be achieved earlier by giving an initial dose that is larger than the maintenance dose; the initial dose is then called the
priming or loading dose, i.e. the dose that will acheive a therapeutic effect in an individual whose body does not
already contain the drug.

To specify a maintenance dose: amount and frequency. Intuitively, the maintenance dose might be half of the
initial/priming dose at intervals equal to its plasma t.,, for this is the time by which the plasma concentration that
achieves the desired effect declines by half. Whether or not this approach is satisfactory or practicable, however,
depends very much on the t, itself, as is illustrated by the following cases:

1. Half-life 6-12 h. In this instance, replacing half the initial dose at intervals equal to the t,, can indeed be a
satisfactory solution because dosing every 6-12 h is acceptable.

2. Half-life greater than 24 h. With once-daily dosing (which is desirable for compliance), giving half the priming
dose every day means that more drug is entering the body than is leaving it each day, and the drug will
accumulate to give unwanted effects. The solution is to replace only the amount of drug that leaves the body
in 24 h, calculated from the inital dose, dose interval, and t,.

3. Half-life less than 3 h. Dosing at intervals equal to the t,, would be so frequent as to be unacceptable. The
answer is to use continuous intravenous infusion if the t., is very short, e.g. dopamine t,, 2 min (steady-state
plasma concentration will be reached in 5 x t,, = 10 min), or, if the t,, is longer, e.g. lidocaine (t,, 90 min), to
use a priming dose as an intravenous bolus followed by a constant intravenous infusion. Intermittent
administration of a drug with short t., is nevertheless reasonable provided large fluctuations in plasma
concentration are acceptable, i.e. that the drug has a large therapeutic index. Benzylpenicillin has a t,, of 30
min but is effective in a 6-hourly regimen because the drug is so non-toxic that it is possible safely to give a
dose that achieves a plasma concentration many times in excess of the minimum inhibitory concentration for
sensitive organisms.

DOSE CALCULATION BY BODY-WEIGHT AND SURFACE AREA

A uniform, fixed drug dose is likely to be ineffective or toxic in several circumstances, e.g. cytotoxic chemo-therapy,
aminoglycoside antibiotics. It is usual then to calculate the dose according to body-weight. Adjustment according to
body surface area is also used and may be more appropriate, for this correlates better with many physiological
phenomena, e.g. metabolic rate.

The relationship between body surface area and weight is curvilinear, but a reasonable approximation is that a 70-kg
human has a body surface area of 1.8 m?. A combination of body-weight and height gives a more precise value for
surface area (obtained from standard nomograms) and other more sophisticated methods.*

The issue takes on special significance for children, if the only dose known is that for the adult; adjustment is then
commonly made by body-weight, or body surface area, amongst other factors (see p. 109).

PROLONGATION OF DRUG ACTION

Giving a larger dose is the most obvious way to prolong a drug action but this is not always feasible, and other
mechanisms are used:

e Vasoconstriction will reduce local blood flow so that distribution of drug away from an injection site is retarded,
e.g. combination with epinephrine (adrenaline) prolongs local anaesthetic action.

e Slowing of metabolism may usefully extend drug action, as when a dopa decarboxylase inhibitor, e.g.
carbidopa, is combined with levodopa (as co-careldopa) for parkinsonism.

o Delayed excretion is seldom practicable, the only important example being the use of probenecid to block
renal tubular excretion of penicillin for single dose treatment of gonorrhoea.

e Altered molecular structure can prolong effect, e.g. the various benzodiazepines.

e Pharmaceutical formulation. Manipulating the form in which a drug is presented by modified-release® systems
can achieve the objective of an even as well as a prolonged effect.

Sustained-release (oral) preparations can reduce the frequency of medication to once a day, and compliance
becomes easier for the patient. The elderly can now receive most long-term medication as a single morning dose. In
addition sustained-release preparations may avoid bowel toxicity due to high local concentrations, e.g. ulceration of
the small intestine with potassium chloride tablets, and may also avoid the toxic peak plasma concentrations that can



occur when dissolution of the formulation, and so absorption of the drug, is rapid. Some sustained-release
formulations also contain an immediate-release component to provide rapid, as well as sustained, effect.

Depot (injectable) preparations are more reliable because the environment in which they are deposited is more
constant than can ever be the case in the alimentary tract, and medication can be given at longer intervals, even
weeks. In general, such preparations are pharmaceutical variants, e.g. microcrystals, or the original drug in oil, wax,
gelatin or synthetic media. They include phenothiazine neuroleptics, the various insulins and penicillins, prepa-rations
of vasopressin, and medroxyprogesterone (intramusclar, subcutaneous). Tablets of hormones can be implanted
subcutaneously. The advantages of infrequent administration and better patient compliance in a variety of situations
are obvious.

REDUCTION OF ABSORPTION TIME

A soluble salt of the drug may be effective by being rapidly absorbed from the site of administration. In the case of
subcutaneous or intramusclar injections, the same objective may be obtained with hyaluronidase, an enzyme that
depolymerises hyaluronic acid, a constituent of connective tissue that prevents the spread of foreign substances, e.g.
bacteria, drugs. Hyaluronidase combined with an intramusclar injection, e.g. a local anaesthetic, or a subcutaneous
infusion leads to increased permeation with more rapid absorption. Hyaluronidase also promotes resorption of tissue
accumulation of blood and fluid.

FIXED-DOSE DRUG COMBINATIONS

This section refers to combinations of drugs in a single pharmaceutical formulation. It does not mean concomitant
drug therapy, e.g. in infections, hypertension and in cancer, when several drugs are given separately. Therapeutic
aims should be clear. Combinations are logical if there is good reason to consider that the patient needs all the drugs
in the formulation and that the doses are appropriate and will not need adjustment separately. Fixed-dose drug
combinations are appropriate for:

e Convenience, with improved patient compliance, is appropriate with two drugs used at constant dose, long
term, for an asymptomatic condition, e.g. a thiazide plus an ACE inhibitor in mild or moderate hypertension.

e Enhanced effect. Single-drug treatment of tuberculosis leads to the emergence of resistant mycobacteria and
is prevented or delayed by using two or more drugs simultaneously. Combining isoniazid with rifampicin
(Rifinah, Rimactazid) ensures that single drug treament cannot occur; treatment has to be two drugs or no
drug at all. An oestrogen and progestogen combination provides effective oral contraception, for the same
reason.

e Minimisation of unwanted effects. Levodopa combined with benserazide (Madopar) or with carbidopa
(Sinemet) slows its metabolism outside the CNS so that smaller amounts of levodopa can be used, reducing
its adverse effects.

CHRONIC PHARMACOLOGY

The pharmacodynamics and pharmacokinetics of many drugs differ according to whether their use is in a single dose,
or over a brief period (acute pharmacology), or long term (chronic pharmacology). An increasing proportion of the
population take drugs continuously for large portions of their lives as tolerable suppressive and prophylactic remedies
for chronic or recurrent conditions are developed; e.g. for arterial hypertension, diabetes mellitus, mental diseases,
epilepsies. In general, the dangers of a drug therapy are not markedly greater if therapy lasts for years rather than
months, but long-term treatment can introduce significant hazard into patients' lives unless management is skilful.

INTERFERENCE WITH SELF-REGULATING SYSTEMS

When self-regulating physiological systems (generally controlled by negative feedback systems, e.g. endocrine,
cardiovascular) are subject to interference, their control mechanisms respond to minimise the effects of the
interference and to restore the previous steady state or rhythm; this is homeostasis. The previous state may be a
normal function, e.g. ovulation (a rare example of a positive feedback mechanism), or an abnormal function, e.g. high
blood pressure. If the body successfully restores the previous steady state or rhythm then the subject has become
tolerant to the drug, i.e. needs a higher dose to produce the desired previous effect.

In the case of hormonal contraceptives, persistence of suppression of ovulation occurs and is desired, but persistence
of other effects, e.g. on blood coagulation and metabolism, is not desired.

In the case of arterial hypertension, tolerance to a single drug commonly occurs, e.g. reduction of peripheral
resistance by a vasodilator is compensated by an increase in blood volume that restores the blood pressure; this is
why a diuretic is commonly used together with a vasodilator in therapy.

Feedback systems

The endocrine system serves fluctuating body needs. Glands are therefore capable either of increasing or decreasing



their output by means of negative (usually) feedback systems. An administered hormone or hormone analogue
activates the receptors of the feedback system so that high doses cause suppression of natural production of the
hormone. On withdrawal of the administered hormone, restoration of the normal control mechanism takes time, e.g.
the hypothalamic-pituitary-adrenal cortex system can take months to recover full sensitivity, and sudden withdrawal of
administered corticosteroid can result in an acute deficiency state that may be life endangering.

Regulation of receptors

The number (density) of receptors on cells (for hormones, autacoids or local hormones, and drugs), the number
occupied (receptor occupancy) and the capacity of the recegtor to respond (affinity, efficacy) can change in reponse to
the concentration of the specific binding molecule or ligand, % whether this be agonist or antagonist (blocker). The
effects always tend to restore cell function to its normal or usual state. Prolonged high concentrations of agonist
(whether administered as a drug or over-produced in the body by a tumour) cause a reduction in the number of
receptors available for activation (down-regulation); changes in receptor occupancy and affinity and the prolonged
occupation of receptors antagonists lead to an increase in the number of receptors (up-regulation). At least some of
this may be achieved by receptors moving inside the cell and out again (internalisation and externalisation).

Down-regulation and the accompanying receptor changes may explain the 'on-off phenomenon in Parkinson's
disease (see p. 384) and the action of luteinising hormone releasing hormone (LHRH) super-agonists in reducing
follicle stimulating hormone (FSH) concentrations for treating endocrine-sensitive prostate cancer.

Up-regulation

The occasional exacerbation of ischaemic cardiac disease on sudden withdrawal of a 3-adrenoceptor blocker may be
explained by up-regulation during its administration, so that, on withdrawal, an above-normal number of receptors
suddenly becomes accessible to the normal chemo-transmitter, i.e. noradrenaline (norepinephrine).

Up-regulation with rebound sympathomimetic effects may be innocuous to a moderately healthy cardiovascular
system, but the increased oxygen demand of these effects can have serious consequences where ischaemic disease
is present and increased oxygen need cannot be met (angina pectoris, arrhythmia, myocardial infarction). Unmasking
of a disease process that has worsened during prolonged suppressive use of the drug, i.e. resurgence, may also
contribute to such exacerbations.

The rebound phenomenon is plainly a potential hazard and the use of a B-adrenoceptor blocker in the presence of
ischaemic heart disease would be safer if rebound could be eliminated. B-Adrenoceptor blockers that are not pure
antagonists but have some agonist (sympathomimetic ischaemic) activity, i.e. partial agonists, may prevent the
generation of additional adrenoceptors (up-regulation). Indeed there is evidence that rebound is less or is absent with
pindolol, a partial agonist f-adrenoceptor blocker.

Sometimes a distinction is made between rebound (recurrence at intensified degree of the symptoms for which the
drug was given) and withdrawal syndrome (appearance of new additional symptoms). The distinction is quantitative
and does not imply different mechanisms.

Rebound and withdrawal phenomena occur erratically. In general, they are more likely with drugs having a short t,
(abrupt drop in plasma concentration) and pure agonist or antagonist action. They are less likely to occur with drugs
having a long t, and (probably) with those having a mixed agonist-antagonist (partial agonist) action on receptors.

ABRUPT WITHDRAWAL

Clinically important consequences occur, and might occur for a variety of reasons, e.g. a patient interrupting drug
therapy to undergo surgery. The following are examples:

e Cardiovascular system: B-adrenoceptor blockers, antihypertensives (especially clonidine).

e Nervous system: all depressants (hypnotics, sedatives, alcohol, opioids), antiepileptics, antiparkinsonian
agents, tricyclic antidepressants.

e Endocrine system: adrenal corticosteroids.

e Immune inflammation: adrenal corticosteroids.

Resurgence of chronic disease, which has progressed in severity although its consequences have been wholly or
partly suppressed, i.e. a catching-up phenomenon, is a possible outcome of discontinuing effective therapy, e.g.
levodopa in Parkinson's disease. Corticosteroid withdrawal in autoimmune disease may cause both resurgence and
rebound.

Drug discontinuation syndromes, i.e. rebound, withdrawal and resurgence (defined above) are phenomena that are
to be expected. The exact mechanisms may remain obscure but clinicians have no reason to be surprised when they
occur, and in the case of rebound they may wish to use gradual withdrawal wherever drugs are used to modify



complex self-adjusting systems, and to suppress (without cure) chronic diseases.

OTHER ASPECTS OF CHRONIC DRUG USE

Metabolic changes over a long period may induce disease, e.g. thiazide diuretics (diabetes mellitus), adrenocortical
hormones (osteoporosis), phenytoin (osteomalacia). Drugs may also enhance their own metabolism, and that of other
drugs (enzyme induction).

Specific cell injury or cell functional disorder occur with individual drugs or drug classes, e.g. tardive dyskinesia
(dopamine receptor blockers), retinal damage (chloroquine, phenothiazines), retroperitoneal fibrosis (methysergide),
non-steroidal anti-inflammatory drugs (nephropathy). Cancer may occur, e.g. with oestrogens (endometrium) and with
immunosuppressive (anticancer) drugs.

Drug holidays

The term means the deliberate interruption of long-term therapy in order to restore sensitivity (which has been lost) or
to reduce the risk of toxicity. Plainly, the need for holidays is a substantial disadvantage for any drug. Patients
sometimes initiate their own drug holidays (see Patient compliance, concordance p. 22).

Dangers of intercurrent iliness are particularly notable with anticoagulants, adrenal corticosteroids and
immunosuppressives.

Dangers of interactions with other drugs, herbs or food: see index for individual drugs.

CONCLUSIONS
Drugs not only induce their known listed primary actions, but:

e evoke compensatory responses in the complex interrelated physiological systems
they perturb, and these systems need time to recover on withdrawal of the drug
(gradual withdrawal is sometimes mandatory and never harmful)

e induce metabolic changes that may be trivial in the short term, but serious if they
persist for a long time

e may produce localised effects in specially susceptible tissues and induce serious cell
damage or malfunction

e increase susceptibility to intercurrent iliness and to interaction with other drugs that
may be taken for new indications.

That such consequences occur with prolonged drug use need evoke no surprise. But a knowledge of physiology,
pathology and pharmacology, combined with awareness that the unexpected can occur, will allow patients who
require long-term therapy may be managed safely, or at least with minimum risk of harm, and enabled to live happy
lives.

INDIVIDUAL OR BIOLOGICAL VARIATION
PRESCRIBING FOR SPECIAL RISK GROUPS

That individuals respond differently to drugs, both from time to time and from other individuals, is a matter of everyday
experience. Doctors need to accommodate for individual variation, for it may explain both adverse response to a drug
and failure of therapy. Sometimes there are obvious physical characteristics such as age, race (genetics) or disease
that warn the prescriber to adjust drug dose, but there are no external features that signify, e.g. pseudocholinesterase
deficiency, which causes prolonged paralysis after suxamethonium. An understanding of the reasons for individual
variation in response to drugs is relevant to all who prescribe. Both pharmacodynamic and pharmacokinetic effects
are involved, and the issues fall in two general categories: inherited influences and environmental and host influences.

INHERITED INFLUENCES: PHARMACOGENETICS

Human beings are 99.9% genetically identical. The differences that reside in the remaining 0.1% determine our
experience of health and disease, and our reactions to the environment, including drugs. Think how individuals in a
population might respond to a fixed dose of a drug: some would show less than the usual response, most would show
the usual response and some would show more than the usual response. This type of variation is described as
continuous and, presented graphically, the result would appear as a normal or gaussian (bell shaped) distribution
curve, similar to the type of curve that describes the distribution of height, weight or metabolic rate in a population. The
curve is the result of a multitude of factors, some genetic (multiple genes) and some environmental, that contribute
collectively to the response of the individual to the drug; they include race, sex, diet, weight, environmental and body



temperature, circadian rhythm, pharmacokinetics and receptor density, but no single factor has a predominant effect.

Less commonly, variation is discontinuous when some people respond disparately from the majority, a condition that
occurs most commonly when a single gene controls the response. These differences arise because of various
combinations of alleles®' at the same chromosome locus, and result is a genetic polymorphism.32

'In general, four phenotypes can be identified: poor metabolisers who lack the functional enzyme, intermediate
metabolisers, who are heterozygous for one deficient allele or carry two alleles that cause reduced activity, extensive
metabolisers who have two normal alleles, and ultra-rapid metabolisers who have multiple gene copies, a trait that is
dominantly inherited."

The P450 enzymes (see p. 96) provide an illustration. All of the genes that encode for families 1-3 are polymorphic
and their capacity to metabolise drugs depends on the functional importance and frequency of the variant alleles,
which often differ with ethnic group and: Clearly, any single dose of a drug used within the general population can
elicit a variety of responses among individuals, provided the P450 system is significantly involved in terminating its
activity.

Pharmacogenetics is the study of genetically determined variation in response to drugs. These commonly have a
biochemical basis. Single genes encode for particular enzymes, and variant alleles produce enzymes of differing
metabolic capacity that induce increased, decreased and bizarre (idiosyncratic) responses to drugs, i.e.
pharmacogenetic polymorphisms. But variation also occurs from genes that encode for other proteins that influence
drug responses, e.g. the drug transporters, which profoundly influence drug disposition (see p. 97), and the targets of
drug action, the receptors; new polymorphisms of both these entities are recognised (see below).

As the components of the human genome and their functions are uncovered, the responses to drugs of particular
molecular structures become predictable in individuals. New dimensions offered by pharmacogenetics, allied with
pharmacogenomics and pharmacoproteomics (see p. 32), allow the prospect of identifying individuals who are
susceptible to unwanted effects, i.e. part of a 'discontinuous variation', so to maximise benefit and minimise risk. The
advantage is economic as well as clinical, for targeting of drugs only to those most likely to benefit and avoiding
people who will not to respond or experience adverse effects has important implications for the use of health
resources.

A few illustrative examples of pharmacological polymorphisms are set out below.*

Psychosis

Many antipsychotic drugs are substrates for CYP 2D6. Poor metabolisers® experienced more adverse effects
(parkinsonism, sedation) than did ultra-rapid metabolisers (see also Chapter 19).

Depression

Tricyclic antidepressants depend almost entirely on metabolism by CYP 2D6 to terminate their action. Ultra-rapid
metabolisers needed a 10-fold larger dose of nortriptyline than did poor metabolisers to achieve the same plasma
concentration. Correspondingly, failure to respond to nortriptyline is 10-fold more common in ultra-rapid than in poor
metabolisers (see also Chapter 19 p. 334).

Peptic ulcer

Plasma concentrations of the proton pump inhibitor, omeprazole, are very dependent on the patient's CYP 2C19
phenotype. Ulcer cure rates reflect differences in capacity to metabolise omeprazole 20 mg/day, and were low in
extensive, intermediate in intermediate and complete in poor metabolisers. Higher doses provided effective therapy for
all groups.

Cancer
The anti-oestrogen, tamoxifen, is meta-bolised to its active form by CYP 2D6. Poor metabolisers with breast cancer
experience a lesser therapeutic response than other patients.

Pseudocholinesterase deficiency

Plasma pseudo-cholinesterase terminates the neuromuscular blocking action of suxamethonium. 'True' cholinesterase
(acetylcholinesterase) hydrolyses acetylcholine released by nerve endings, whereas various tissues and plasma
contain other non-specific, hence 'pseudo’, esterases. Affected individuals form so little plasma pseudocholinesterase
that metabolism of suxamethonium is seriously reduced.

The deficiency characteristically declares itself when a patient fails to breathe spontaneously after surgical
anaesthesia and requires assisted ventilation for hours. It is prudent to check relatives of an affected individual. The
prevalence of pseudocholinesterase deficiency in the UK population is about 1 in 2500.

Resistance to suxamethonium



This rare condition is characterised by increased pseudocholinesterase activity and failure of normal doses of
suxamethonium to cause muscular relaxation.

Acetylation is an important route of metabolism for many drugs that possess an amide (-NH;) group. Most individuals
are either rapid or slow acetylators but the proportion varies greatly between races, e.g. some 90% of Japanese are
rapid acetylators whereas in Western populations the proportion is 50% or less. Sulfasalazine (salicylazosulfapyridine)
(used for rheumatoid arthritis) causes adverse effects probably because of slow acetylation of the sulfapyridine
component. Dapsone appears to cause more red cell haemolysis in slow acetylators; rapid acetylators may need
higher doses to control dermatitis herpetiformis and leprosy.

Glucose-6-phosphate dehydrogenase (G6PD) deficiency

G6PD activity is important to the integrity of the red blood cell. Individuals who are G6PD deficient may suffer from
acute haemolysis following exposure to certain oxidant substances, including drugs.

The condition is common in African, Mediterranean, Middle Eastern and South East Asian races and in their
descendants, and throughout the world affects some 100 million people. As deficiency may result from inheritance of
any one of numerous variants of G6PD, affected individuals exhibit differing susceptibility to haemolysis, i.e. a
substance that affects one G6PD-deficient subject adversely may be harmless in another. It is usually dose related.
The following guidelines apply:37

o Drugs that carry a definite risk of haemolysis in most G6PD-deficient subjects include: dapsone (and other
sulphones), methylene blue, niridazole, nitrofurantoin, pamaquin, primaquine, quinolone antimicrobials, some
sulphonamides.

o Drugs that carry a possible risk of haemolysis in some G6PD-deficient subjects include: aspirin (when dosage
exceeds 1 g/day), menadione, probenecid, quinidine, chloroquine and quinine (both are acceptable in acute
malaria) rasburicase.

Affected individuals are also found to be susceptible to exposure to nitrates, anilines and naphthalenes (found in
moth-balls). Some individuals, particularly children, experience haemolysis after eating the raw broad bean, Vicia
faba, and hence the term 'favism'.*®

Anticoagulation with coumarins
Variant alleles of CYP 2C9 lead to polymorphisms that result in slow metabolism (and risk of toxicity) of warfarin (also
tolbutamide and losartan).

By contrast, a rare variant of the enzyme that converts vitamin K to its reduced and active form (normally inhibited by
coumarins) results in patients requiring 20 times or more of the usual dose to obtain an adequate response to
warfarin. A similar condition also occurs in rats and has practical importance as warfarin, a coumarin, is used as a rat
poison (rats with the gene are dubbed 'super-rats' by the mass media).

Anticoagulation with heparin
Patients with congenital deficiency of antithrombin (an inhibitor of activated coagulation proteases) require large doses

of heparin for anticoagulant effect. The action of heparin depends on the presence of antithrombin in the plasma.

Transporter polymorphisms37 (with resulting effects) include those of: the serotonin (5-hydroxytriptamine)
transporter (antidepressant response); sodium or potassium transporters (cardiac arrhythmias from drug-induced
long-QTc syndrome; MDR1 (P-glycoprotein) (humerous drugs).

Elsewhere in this book see: Malignant hyperthermia (p. 328), Porphyria (p. 120), Alcohol (p. 152). Bacterial resistance
to drugs is genetically determined and is of great clinical importance.

ENVIRONMENTAL AND HOST INFLUENCES

A multitude of factors related to both individuals and their environment contribute to differences in drug response.
Some of the more relevant influences are:

AGE
The neonate, infant and child®

Young human beings differ greatly from adults, not merely in size but also in the proportions and constituents of their
bodies and the functioning of their physiological systems. These differences influence the way the body handles and
responds to drugs:



e Rectal absorption is efficient with an appropriate formulation, e.g. of diazepam and theophyllines; this route
may be preferred with an uncooperative infant.

e The intramuscular or subcutaneous routes tend to give unpredictable plasma concentrations, e.g. of digoxin or
gentamicin, because of the relatively low proportion of skeletal muscle and fat. Intravenous administration is
preferred in the seriously ill newborn.

o Drugs or other substances that come in contact with the skin are readily absorbed as the skin is well hydrated
and the stratum corneum is thin; overdose toxicity may result, e.g. with hexachlorophene used in dusting
powders and emulsions to prevent infection.

An understandable reluctance to test drugs extensively in children means that reliable information is often lacking.
Many drugs do not have a licence to be used for children, and their prescription must be 'off licence', a practice that is
recognised as necessary, if not actually promoted, by the UK drug regulatory authorities.*’

Distribution
Total body water in the neonate amounts to 80%, compared with 65% of body-weight in older children. Consequently:

o Weight-related priming doses of aminoglycosides, aminophylline, digoxin and furosemide need to be larger for
neonates than for older children.

e Less extensive binding of drugs to plasma proteins is generally without clinical importance but there is a risk
of kernicterus in the jaundiced neonate following displacement of bilirubin from protein binding sites by vitamin
K, X-ray contrast media or indometacin.

Metabolism

Drug-inactivating enzyme systems are present at birth but are functionally immature (particularly in the preterm baby),
especially for oxidation and conjugation with glucuronic acid. Inadequate conjugation and thus inactivation of
chloramphenicol by neonates causes the fatal 'grey' syndrome. After the initial weeks of life, because their drug
metabolic capacity increases rapidly, young children may require a higher weight-related dose than adults.

Elimination

Glomerular filtration, tubular secretion and reabsorption are low in the neonate (even lower in preterm babies),
reaching adult values in relation to body surface area only at 2-5 months. Drugs that the kidney excretes, e.g.
aminoglycosides, penicillins, diuretics, are given in reduced dose; after about 6 months, body-weight or surface area
related daily doses are the same for all ages.

Pharmacodynamic responses

There is scant information about developmental effects of interaction between drugs and receptors. Other sources
suggest possible effects, e.g. thalidomide causes phocomelia only in the forming limb (see p. 62); tetracyclines stain
only developing enamel; young children are particularly sensitive to liver toxicity from valproate.

Dosage in the young

No single rule or formula suffices for all cases. Computation by body-weight may overdose an obese child, for whom
calculation of ideal weight from age and height is preferred. Doses based on body surface area are generally more
accurate, and preferably should take into account both body-weight and height.41 The fact that the surface area of a
70-kg adult human is 1.8 m? (see p. 102) may then be used for adjustment, as follows:

Approximate dose = Surface area of child(m?)
/1.8 x adult dose
General guidance is available from formularies, e.g. the British National Formulary, and specialist publica’[ions.“z,43
The elderly
The incidence of adverse drug reactions rises with age in the adult, especially after 65 years, because of:

e The increasing number of drugs that they need because they tend to have multiple diseases.
e Poor compliance with dosing regimens.
e Bodily changes of aging that require modified dosage regimens.

Absorption of drugs administered orally may be slightly slower because of reduced gastrointestinal blood flow and



motility but the effect is rarely important.

Distribution reflects the following changes:

Lean body mass is less and standard adult doses provide a greater amount of drug per kilogram.

Body fat increases and may act as a reservoir for lipid-soluble drugs.

Total body water is less and, in general, water-soluble drugs have a lower distribution volume. Standard
doses of drugs, especially the priming doses of those that are water soluble, may thus exceed the
requirement.

Plasma albumin concentration maintains well in the healthy elderly but may fall with chronic disease, giving
scope for a greater proportion of unbound (free) drug, which may be important when priming doses are given.

Metabolism reduces as liver mass and liver blood flow decline. Consequently:

Metabolic inactivation of drugs is slower, mostly for Phase | (oxidation) reactions; the capacity for Phase I
(conjugation) is better preserved.

Drugs normally extensively eliminated in first pass through the liver appear in higher concentration in the
systemic circulation and persist in it for longer. There is thus particular need initially to use lower doses of
most neuroleptics, tricyclic antidepressants and cardiac antiarrhythmic agents.

Capacity for hepatic enzyme induction appears less.

Elimination

Renal blood flow, glomerular filtration and tubular secretion decrease with age above 55 years, a decline that is not
signalled by raised serum creatinine concentration because production of this metabolite is diminished by the age-
associated diminution of muscle mass. Indeed, in the elderly, serum creatinine may be within the concentration range
for normal young adults even when the creatinine clearance is 50 mL/min (compared with 127 mL/min in adult males).
Particular risk of adverse effects arises with drugs that are eliminated mainly by the kidney and that have a small
therapeutic ratio, e.g. aminoglycosides, chlorpropamide, digoxin, lithium.

Pharmacodynamic response may alter with age, to produce either a greater or a lesser effect than is anticipated in
younger adults, for example:

Drugs that act on the CNS appear to produce an exaggerated response in relation to that expected from the
plasma concentration, and sedatives and hypnotics may have a pronounced hangover effect. These drugs are
also more likely to depress respiration because of reduced vital capacity and maximum breathing capacity in
the elderly.

Response to B-adrenoceptor agonists and antagonists may attenuate in old age, possibly through reduced
affinity for adrenoceptors.

Baroreceptor sensitivity reduces leading to the potential for orthostatic hypotension with drugs that reduce
blood pressure.

These pharmacokinetic and pharmacodynamic differences, together with broader issues particular to the elderly, find
expression in the choice and use of drugs for this age group, as follows.

Rules of prescribing for the elderly*

1.

2.

3.

Think about the necessity for drugs. Is the diagnosis correct and complete? Is the drug really necessary? Is
there a better alternative?

Do not prescribe drugs that are not useful. Think carefully before giving an old person a drug that may have
major side-effects, and consider alternatives.

Think about the dose. Is it appropriate to possible alterations in the patient's physiological state? Is it
appropriate to the patient's renal and hepatic function at the time?

Think about drug formulation. Is a tablet the most appropriate form of drug or would an injection, a suppository
or a syrup be better? Is the drug suitably packaged for the elderly patient, bearing in mind any disabilities?
Assume any new symptoms may be due to drug side-effects or, more rarely, to drug withdrawal. Rarely (if
ever) treat a side-effect of one drug with another.

Take a careful drug history. Bear in mind the possibility of interaction with substances the patient may be
taking without your knowledge, such as herbal or other non-prescribed remedies, old drugs taken from the
medicine cabinet or drugs obtained from friends.

Use fixed combinations of drugs only when they are logical and well studied, and they either aid compliance



or improve tolerance or efficacy. Few fixed combinations meet this standard.

When adding a new drug to the therapeutic regimen, see whether another can be withdrawn.

Attempt to check whether the patient's compliance is adequate, e.g. by counting remaining tablets. Has the
patient (or relatives) been properly instructed?

10. Remember that stopping a drug is as important as starting it.

8.
9.

The old (80 +years) are particulary intolerant of neuroleptics (given for confusion) and of diuretics (given for ankle
swelling that is postural and not due to heart failure), which cause adverse electrolyte changes. Both classes of drug
may result in admission to hospital of semi-comatose 'senior citizens' who deserve better treatment from their juniors.

PREGNANCY
As pregnancy evolves, profound changes occur in physiology, including fluid and tissue composition.

Absorption

Despite reduced gastrointestinal motility, there appears to be no major defect in drug absorption except that slow
gastric emptying delays the appearance in the plasma of orally administered drugs, especially during labour.
Absorption from an intramuscular site is likely to be efficient because vasodilatation increases tissue perfusion.

Distribution

Total body water increases by up to 8 L, creating a larger space within which water-soluble drugs may distribute.
Plasma albumin (normal 33-55 g/L) declines by some 10 g/L from haemodilution. While this gives scope for increased
free concentration of drugs that normally bind to albumin, unbound drug is also available to distribute, be metabolised
and excreted. With phenytoin, for example, the free (and pharmacologically active) concentration does not alter,
despite the dilutional fall in the total plasma concentration.

Thus therapeutic drug monitoring interpreted by concentrations appropriate for non-pregnant women may mislead. A
useful general guide during pregnancy is to maintain concentrations at the lower end of the recommended range.
Body fat increases by about 4 kg and provides a reservoir for lipid-soluble drugs.

Hepatic metabolism increases, although not blood flow to the liver. There is increased clearance of drugs such as
phenytoin and theophylline, whose elimination depends on liver enzyme activity. Drugs that are so rapidly metabolised
that elimination depends on delivery to the liver, i.e. on hepatic blood flow, have unaltered clearance, e.g. pethidine.

Elimination

Renal plasma flow almost doubles and there is more rapid loss of renally excreted drugs, e.g. amoxicillin, the dose of
which should be doubled for systemic infections (but not for urinary tract infections as penicillins are highly
concentrated in the urine).

Placenta - see p. 83.

DISEASE
Pharmacokinetic changes
Absorption

Resection and reconstruction of the gut may lead to malabsorption, e.g. of iron, folic acid and fat-soluble vitamins after
partial gastrectomy, and of vitamin B, after ileal resection. Delayed gastric emptying and intestinal stasis during an
attack of migraine interfere with drug absorption. Severe low-output cardiac failure or shock (with peripheral
vasoconstriction) delays absorption from subcutaneous or intramuscular sites; reduced hepatic blood flow prolongs
the presence in the plasma of drugs that are so rapidly extracted by the liver that removal depends on their rate of
presentation to it, e.g. lidocaine.

Distribution

Hypoalbuminaemia from any cause, e.g. burns, malnutrition, sepsis, allows a higher proportion of free (unbound) drug
in plasma. Although free drug is available for metabolism and excretion, there remains a risk of enhanced or adverse
responses especially with initial doses of those that are highly protein bound, e.g. phenytoin.

Metabolism

Acute inflammatory disease of the liver (viral, alcoholic) and cirrhosis affect both the functioning of the hepatocytes
and blood flow through the liver. Reduced extraction from the plasma of drugs that are normally highly cleared in first
pass through the liver results in increased systemic availability of drugs such as metoprolol, labetalol and
chlomethiazole. Many other drugs exhibit prolonged t,, and reduced clearance in patients with chronic liver disease,
e.g. diazepam, tolbutamide, rifampicin (see p. 90). Thyroid disease has the expected effects, i.e. drug metabolism



accelerates in hyperthyroidism and decelerates in hypothyroidism.

Elimination

Renal disease has profound effects on the elimination and thence duration of action of drugs eliminated by the kidney
(see p. 489).

Pharmacodynamic changes

o Asthmatic attacks can be precipitated by p-adrenoceptor blockers.

e Malfunctioning of the respiratory centre (raised intracranial pressure, severe pulmonary insufficiency) causes
patients to be intolerant of opioids, and indeed any sedative may precipitate respiratory failure.

e Myocardial infarction predisposes to cardiac arrhythmia with digitalis glycosides or sympathomimetics.

e Mpyasthenia gravis is aggravated by quinine and quinidine, and myasthenics are intolerant of competitive
neuromuscular blocking agents and aminoglycoside antibiotics.

FOOD

e The presence of food in the stomach, especially if it is fatty, delays gastric emptying and the absorption of
certain drugs, e.g. ampicillin and rifampicin. More specifically, calcium, for instance in milk, interferes with
absorption of tetracyclines and iron (by chelation).

e Substituting protein for fat or carbohydrate in the diet is associated with an increase in drug oxidation rates.
Some specific dietary factors induce drug metabolising enzymes, e.g. alcohol, charcoal grilled (broiled) beef,
cabbage and Brussels sprouts.

Protein malnutrition causes changes that are likely to influence pharmacokinetics, e.g. loss of body-weight, reduced
hepatic metabolising capacity, hypoproteinaemia.

Citrus flavinoids in grapefruit (but not orange) juice decrease hepatic metabolism and may lead to toxicity from
amiodarone, terfenadine (cardiac arrhythmia), benzodiazepines (increased sedation), ciclosporin, felodipine (reduced
blood pressure).

DRUG INTERACTIONS

When a drug is administered, a response occurs; if a second drug is given and the response to the first drug is
altered, a drug-drug interaction is said to have occurred.

Dramatic unintended interactions excite most notice but they should not distract attention from the many intended
interactions that are the basis of rational polypharmacy, e.g. multi-drug treatment of tuberculosis, naloxone for
morphine overdose.

For completeness, alterations in drug action caused by diet (above) are termed drug-food interactions, and those by
herbs drug-herb interactions.*

CLINICAL IMPORTANCE OF DRUG INTERACTIONS

The quantity of drugs listed in any national formulary provides ample scope for possible alteration in the disposition or
effect of one drug by another drug. But, in practice, clinically important adverse drug-drug interactions become likely
with:

¢ Drugs that have a steep dose-response curve and a small therapeutic index (see p. 79) because small
quantitative changes at the target site, e.g. receptor or enzyme, lead to substantial changes in effect, e.g.
digoxin or lithium.

e Drugs that are known enzyme inducers or inhibitors (see pp. 97, 98).

o Drugs that exhibit saturable metabolism (zero-order kinetics), when small interference with kinetics may lead
to large alteration of plasma concentration, e.g. phenytoin, theophylline.

o Drugs that are used long term, where precise plasma concentrations are required, e.g. oral contraceptives,
antiepilepsy drugs, cardiac antiarrhythmia drugs, lithium.

o Severely ill patients, for they may be receiving several drugs; signs of iatrogenic disease may be difficult to
distinguish from those of existing disease and the patients' condition may be such that they cannot tolerate
further adversity.

e Patients who have significantly impaired liver or kidney function, for these are the principal organs that
terminate drug action.

o The elderly, for they tend to have multiple pathology, and may receive several drugs concurrently (see p.



109).

PHARMACOLOGICAL BASIS OF DRUG INTERACTIONS

Listings of recognised or possible adverse drug-drug interactions are now readily available in national formularies, on
compact disk or as part of standard prescribing software. We provide here an overview of the pharmacological basis
for wanted and unwanted, expected and unexpected effects when drug combinations are used.

Interaction may result in antagonism or synergism.

Antagonism occurs when the action of one drug opposes that of another. The two drugs simply have opposite
pharmacodynamic effects, e.g. histamine and adrenaline (epinephrine) on the bronchi exhibit physiological or
functional antagonism;

Drug interactions are of two principal kinds:

e Pharmacodynamic interaction: both drugs act on the target site of clinical effect, exerting synergism (below) or
antagonism. The drugs may act on the same or different receptors or processes, mediating similar biological
consequences. Examples include: alcohol + benzodiazepine (to produce sedation), atropine + $-adrenoceptor
blocker (to reverse B-adrenoceptor blocker overdose).

e Pharmacokinetic interaction: the drugs interact remotely from the target site to alter plasma (and other tissue)
concentrations so that the amount of the drug at the target site of clinical effect is altered, e.g. enzyme
induction by rifampicin reduces the plasma concentration of warfarin; enzyme inhibition by ciprofloxacin
increases the concentration of theophylline.

or they compete reversibly for the same drug receptor, e.g. flumazenil and benzodiazepines exhibit competitive
antagonism.

Synergism* is of two sorts:

1. Summation or addition occurs when the effects of two drugs having the same action are additive, i.e.2+2 =4
(a B-adrenoceptor blocker plus a thiazide diuretic have an additive antihypertensive effect).

2. Potentiation (to make more powerful) occurs when one drug increases the action of another, i.e. 2 + 2 =5,
Sometimes the two drugs both have the action concerned (trimethoprim plus sulphonamide), and sometimes
one drug lacks the action concerned (benserazide plus levodopa), i.e. 0 + 2 =5,

In broad terms, it is useful to distinguish the drug-drug interactions that occur:

e before drugs enters the body
e at important points during their disposition and metabolism
e at receptor sites.

Before administration

Intravenous fluids offer special scope for interactions (incompatibilities). Drugs commonly are weak organic acids or
bases, presented as salts to improve their solubility. Plainly, the mixing of solutions of salts can result in instability,
which may or may not be evident from visible change in the solution, i.e. precipitation. While specific sources of
information are available in manufacturers' package inserts and formularies, issues of compatibility are complex and
lie within the professional competence of the hospital pharmacy, which should prepare drug additions to infused
solutions.

At the site of absorption

The complex environment of the gut provides opportunity for drugs to interfere with one another, both directly and
indirectly by altering gut physiology. Usually the result is to impair absorption.

By direct chemical interaction in the gut

Antacids that contain aluminium and magnesium form insoluble complexes with tetracyclines, iron and prednisolone.
Milk contains sufficient calcium to warrant its avoidance as a major article of diet with tetracyclines. Colestyramine
interferes with the absorption of levothyroxine, digoxin and some acidic drugs, e.g. warfarin. Separating the dosing of
interacting drugs by at least 2 h should largely avoid the problem.



By altering gut motility

Slowing of gastric emptying, e.g. opioid analgesics, tricyclic antidepressants (antimuscarinic effect), may delay and
reduce the absorption of other drugs. Purgatives reduce the time spent in the small intestine and give less opportunity
for the absorption of poorly soluble substances such as adrenal corticosteroids and digoxin.

By altering gut flora

Antimicrobials potentiate oral anticoagulants by reducing bacterial synthesis of vitamin K (usually only after
antimicrobials are given orally in high dose, e.g. to treat Helicobacter pylori).

Interactions other than in the gut

Hyaluronidase promotes dissipation of a subcutaneous injection, and vasoconstrictors, e.g. adrenaline, felypressin,
delay absorption of local anaesthetics, usefully to prolong local anaesthesia.

During distribution

Carrier-mediated transporters control processes such as bioavailability, passage into the CNS, hepatic uptake and
entry into bile, and renal tubular excretion (see p. 97). Inhibitors and inducers of drug transporters can profoundly
influence the disposition of drugs. The transporter MDR1 controls the entry of digoxin into cells; quinidine, verapamil
and ciclosporin inhibit this transporter and increase the plasma concentration of digoxin (with potentially toxic effects).
Probenecid inhibits the organic anion renal transporter, which decreases the renal clearance of penicillin (usefully
prolonging its effect) but also that of methotrexate (with danger of toxicity). Elucidation of the location and function of
transport systems will give the explanation for, and allow the prediction of, many more drug-drug interactions.

During metabolism

Enzyme induction (see p. 97) and, even more powerfully, enzyme inhibition (see p. 98) are important sources of drug-
drug interction.

At receptor sites

There are numerous examples. Beneficial interactions are sought in overdose, as with naloxone for morphine
overdose (opioid receptor), atropine for anticholinesterase, i.e. insecticide poisoning (acetylcholine receptor),
phentolamine for the monoamine oxidase inhibitor-sympathomimetic interaction (a-adrenoceptor). Unwanted
interactions include the loss of the antihypertensive effect of B-blockers with common cold remedies containing
ephedrine, phenylpropanolamine or phenylephrine, usually taken unknown to the doctor (their a-adrenoceptor agonist
action is unrestrained in the 3-blocked patient).
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8 Unwanted effects and adverse drug reactions

SYNOPSIS

As drugs are intended to relieve suffering, patients find it peculiarly offensive that they can
also cause disease (especially if they are not forewarned). Therefore it is important to know
how much disease drugs do cause and why they cause it, so that preventive measures can
be taken. The chapter will examine:

Background

Definitions

Attribution and degrees of certainty

Pharmacovigilance and pharmacoepidemiology

Sources of adverse drug reactions

Allergy in response to drugs

Effects of prolonged administration: chronic organ toxicity
Adverse effects on reproduction

BACKGROUND
Cured yesterday of my disease, | died last night of my physician.”

Nature is neutral, i.e. it has no 'intentions' towards humans, though it is often unfavourable to them. It is humankind, in
its desire to avoid suffering and death, that decides that some of the biological effects of drugs are desirable
(therapeutic) and others are undesirable (adverse). In addition to this arbitrary division, which has no fundamental
biological basis, unwanted effects of drugs are promoted, or even caused, by numerous non-drug factors. Because of
the variety of these factors, attempts to make a simple account of the unwanted effects of drugs must be imperfect.

There is general agreement that drugs prescribed for disease are themselves the cause of a serious amount of
disease (adverse reactions), ranging from mere inconvenience to permanent disability and death.

It is not enough to measure the incidence of adverse reactions to drugs, their nature and their severity, although
accurate data are obviously useful. It is necessary to take, or to try to take, into account which effects are avoidable
(by skilled choice and use) and which are unavoidable (inherent in drug or patient).

As there can be no hope of eliminating all adverse effects of drugs, it is necessary to evaluate patterns of adverse
reaction against one another. One drug may frequently cause minor ill-effects but pose no threat to life, though
patients do not like it and may take it irregularly, to their own detriment. Another drug may be pleasant to take, so that
patients take it consistently, with benefit, but it may rarely kill someone. It is not obvious which drug is to be preferred.

Some patients, e.g. those with a history of allergy or previous reactions to drugs, are up to four times more likely to
have another adverse reaction, so that the incidence does not fall evenly. It is also useful to discover the causes of
adverse reactions, e.g. individuals who lack certain enzymes, for such knowledge can be used to render avoidable
what are at present unavoidable reactions.

Avoidable adverse effects will be reduced by more skilful prescribing and this means that doctors, amongst all the
other claims on their time, must find time better to understand drugs, as well as to understand their patients and their
diseases.

DEFINITIONS

Many unwanted effects of drugs are medically trivial and, in order to avoid inflating the figures of drug-induced
disease, it is convenient to retain the term side-effects for minor reactions that occur at normal therapeutic doses, are
predictable and usually dose related.

The term adverse drug reaction (ADR) should be confined to: harmful or seriously unpleasant effects occurring at
doses intended for therapeutic (including prophylactic or diagnostic) effect and which call for reduction of dose or
withdrawal of the drug and/or forecast hazard from future administration; it is effects of this order that are of
importance in evaluating drug-induced disease in the community. The term adverse 'reaction' is almost synonymous
with adverse 'effect’, save that an 'effect’ relates to the drug and a 'reaction’ to the patient. Both terms should be
distinguished from an adverse 'event’, which is an adverse happening that occurs during exposure to a drug without
any assumption being made about its cause (see Prescription Event Monitoring. p. 59).

Toxicity implies a direct action of the drug, often at high dose, damaging cells, e.g. liver damage from paracetamol
overdose, eighth cranial nerve damage from gentamicin. All drugs, for practical purposes, are toxic in overdose?, and
overdose can be absolute or relative; in the latter case an ordinary dose may be administered but may be toxic due to



an underlying abnormality in the patient, e.g. disease of the kidney. Mutagenicity, carcinogenicity and teratogenicity
(see Index) are special cases of toxicity.

Secondary effects are the indirect consequences of a primary drug action. Examples are: vitamin deficiency or
opportunistic infection which may occur in patients whose normal bowel flora has been altered by antimicrobials;
diuretic-induced hypokalaemia causing digoxin intolerance.

Intolerance means a low threshold to the normal pharmacodynamic action of a drug. Individuals vary greatly in their
susceptibility to drugs, those at one extreme of the normal distribution curve being intolerant of the drugs, those at the
other, tolerant.

Idiosyncrasy (see Pharmacogenetics) implies an inherent qualitative abnormal reaction to a drug, usually due to
genetic abnormality, e.g. porphyria.

ATTRIBUTION AND DEGREES OF CONVICTION

When an unexpected event, for which there is no obvious cause, occurs in a patient already taking a drug, the
possibility that it is drug attributable must always be considered. Distinguishing between natural progression of a
disease and drug-induced deterioration is particularly challenging, e.g. sodium in antacid formulations may aggravate
cardiac failure, tricyclic antidepressants may provoke epileptic seizures, and bronchospasm may be caused by aspirin
in some asthmatics.

The following elements are useful in attributing the cause of an adverse event to a drug:

1. The time sequence in relation to taking the drug. The majority of reactions develop soon after exposure.
Anaphylactic reactions (within minutes or hours) and hypersensitivity reactions (within weeks) may readily
suggest an association, but delayed effects such as carcinogenesis or tardive dyskinesia (after years) present
more difficulty.

2. The effects of withdrawing or reintroducing the drug. Most reactions subside when the drug is discontinued,
unless an autoimmune reaction is established, when effects persist. Planned re-exposing a patient to a drug is
rarely indicated unless treatment with it is essential and there is no reliable alternative.

3. The relationship to what is already known about the drug. This evokes questions about consistency with the
established pharmacology and toxicology of the drug or related substances.

Degrees of conviction for attributing adverse reactions to drugs may be ascribed as:®

e Definite: time sequence from taking the drug is reasonable; event corresponds to what is known of the drug
and is not explicable by concurrent disease or drugs; event ceases on stopping the drug; event returns on
restarting the drug (rarely advisable).

e Probable: time sequence is reasonable; event corresponds to what is known of the drug; event ceases on
stopping the drug; event not reasonably explained by patient's disease or other drugs.

e Possible: time sequence is reasonable; event corresponds to what is known of the drug; uncertain relationship
to effect of stopping the drug; event could readily have been result of the patient's disease or other therapy.

e Conditional: time sequence is reasonable; event does not correspond to what is known of the drug; event
could not reasonably be explained by the patient's disease or other drugs.

o  Doubtful: event not meeting the above criteria.

Caution

About 80% of well people not taking any drugs admit on questioning to symptoms (often several) such as are
commonly experienced as lesser adverse reactions to drugs. These symptoms are intensified (or diminished) by
administration of a placebo. Thus, many (minor) symptoms may be wrongly attributed to drugs. Similarly, minor and
possibly transient abnormalities in laboratory results, e.g. liver function tests, are often recorded in apparently healthy
people.

PRACTICALITIES OF DETECTING RARE ADVERSE REACTIONS

For reactions with no background incidence, the number of patients required to give a good (95%) chance of detecting
the effect is given in Table 8.1. Assuming that three events are required before any regulatory or other action should
be taken, it shows the large number of patients that must be monitored to detect even a relatively high-incidence
adverse effect. The problem can be many orders of magnitude worse if the adverse reactions closely resemble
spontaneous disease with a background incidence in the population.



Table 8-1. Detecting rare adverse drug reactions*

Expected incidence of adverse reaction Required number of patients for event

1 event 2 events 3 events
1in 100 300 480 650
1in 200 600 960 1300
1in 1000 3000 4800 6500
1in 2000 6000 9600 13 000
1in 10 000 30 000 48 000 65 000

“By permission from: Dollery C D, Bankowski Z (eds) 1983 Safety requirements for the first use of new drugs and diagnostic agents
in man. CIOMS (WHO), Geneva.

PHARMACOVIGILANCE AND PHARMACOEPIDEMIOLOGY

The principal methods of collecting data on ADRs (pharmacovigilance) are:

o Experimental studies, i.e. formal therapeutic trials of Phases 1-3. These provide reliable data on only the
commoner events as they involve relatively small numbers of patients (hundreds); they detect an incidence of
up to about 1 in 200.

e Observational studies, where the drug is observed epidemiologically under conditions of normal use in the
community, i.e. pharmacoepidemiology and pharmacovigilance. Techniques used for post-marketing (Phase
4) studies include the observational cohort study and the case-control study. The surveillance systems are
described on page 58.

DRUG-INDUCED ILLNESS

The discovery of drug-induced illness can be analysed thus:®

e A drug commonly induces an otherwise rare illness: this effect is likely to be discovered by clinical observation
in the licensing (pre-marketing) formal therapeutic trials and the drug will almost always be abandoned; but
some patients are normally excluded from such trials, e.g. pregnant women, and detection will then occur
later.

e A drug rarely or uncommonly induces an otherwise common illness: this effect is likely to remain
undiscovered. Cardiovascular risk from coxibs (e.g. rofecoxib, Vioxx) approximates as an example, but the
degree of increased risk did become apparent after meta-analysis of several clinical trials and observational
studies.

e A drug rarely induces an otherwise rare illness: this effect is likely to remain undiscovered before the drug is
released for general prescribing; the effect could be detected by informal clinical observation or during any
special post-registration surveillance and confirmed by a case-control study (see p. 58); aplastic anaemia with
chloramphenicol® and the oculomucocutaneous syndrome with practolol were uncovered in this way.

e A drug commonly induces an otherwise common illness: this effect will not be discovered by informal clinical
observation. If very common, it may be discovered in formal therapeutic trials and in case-control studies, but
if only moderately common it may require observational cohort studies, e.g. proarrhythmic effects of
antiarrhythmic drugs.

o Drug adverse effects and illness incidence in an intermediate range: both case-control and cohort studies may
be needed.

Some impression of the features of drug-induced iliness can be gained from the following statistics:

¢ Inalarge UK study, the prevalence of ADRs as a cause of admission to hospital was 6.5%, with a median
bed stay 8 days (4% of hospital bed capacity); most reactions were definitely or possibly avoidable; the
commonest drugs were: low-dose aspirin, diuretics, warfarin, non-steroidal anti-inflammatory drugs (other than
aspirin); the commonest adverse reaction was gastrointestinal bleeding.”

e Opverall incidence in hospital inpatients is 10-20%, with possible prolongation of hospital stay in 2-10% of
patients in acute medical wards.

e ADRs cause 2-3% of consultations in general practice.

o A study of 661 ambulatory patients found that 25% experienced adverse events of which 13% were serious
and 11% were preven’[able.8

e Predisposing factors for ADRs are: age over 60 years or under 1 month, female sex, previous history of
adverse reaction, hepatic or renal disease, number of medications taken.

e Areview of records of Coroner's Inquests for a (UK) district with a population of 1.19 million during the period



1986-1991 found that, of 3277 inquests on deaths, 10 were due to errors of prescribing and 36 were caused
by adverse drug reactions.’® Nevertheless, 17 doctors in the UK were charged with manslaughter in the 1990s,
compared with two in each of the preceding decades, a reflection of 'a greater readiness to call the police or to
prosecute'.’

It is important to avoid alarmist or defeatist extremes of attitude. Many treatments are dangerous, e.g. surgery,
electroshock, drugs, and it is irrational to accept the risks of surgery for biliary stones or hernia and to refuse to accept
any risk at all from drugs for conditions of comparable severity.

Many patients whose death is deemed to be partly or wholly caused by drugs are dangerously ill already; justifiable
risks may be taken in the hope of helping them; ill-informed criticism in such cases can act against the interest of the
sick. On the other hand there is no doubt that some of these accidents are avoidable. This is often more obvious when
reviewing the conduct of treatment after the event, i.e. with the benefit of hindsight.

Sir Anthony Carlisle,"" in the first half of the 19th century, said that 'medicine is an art founded on conjecture and
improved by murder'. Although medicine has advanced rapidly, there is still a ring of truth in that statement to anyone
who follows the introduction of new drugs and observes how, after the early enthusiasm, the reports of serious toxic
effects appear. The challenge is to find and avoid these, and, indeed, the present systems for detecting adverse
reactions came into being largely in the wake of the thalidomide, practolol and benoxaprofen disasters (see Chapter
5); they are now an increasingly sophisticated and effective part of medicines development. It is an absolute obligation
on doctors to use only drugs about which they have troubled to inform themselves.

It is an absolute obligation on doctors to use only drugs about which they have troubled to
inform themselves.

DRUGS AND SKILLED TASKS

Many medicines affect performance, and it is relevant to review here some examples with their mechanisms of action.
As might be expected, centrally acting and psychotropic drugs are prominent, e.g. the sedative antidepressants,
benzodiazepines, non-benzodiazepine and other hypnotics, and antipsychotics (the 'classical' type more so than the
'atypicals'; see p. 342). Many drugs possess anticholinergic activity either directly (atropine, oxybutinin) or indirectly
(tricyclic antidepressants, antipsychotics), the central effects of which cause confusion and impaired ability to process
information. The first-generation H,-receptor antihistamines (chlorpheniramine, diphenhydramine) are notably
sedating and impair alertness and concentration, features that are often not recognised by the recipient. Drugs may
also affect performance through cerebral depression (anti-epileptics, opioids), hypoglycaemia (antidiabetics) and
hypotension (antihypertensives). Alcohol and cannabis are discussed on pages 148 and 164.

Car driving is a complex multifunction task that includes: visual search and recognition, vigilance, information
processing under variable demand, decision-making and risk-taking, and sensorimotor control. It is plain that
prescribers have a major responsibility here, both to warn patients and, in the case of those who need to drive for their
work, to choose medicines with a minimal liability to cause impairment.12 Patients who must drive when taking a drug
of known risk, e.g. benzodiazepine, should be specially warned of times of peak impairment.'

A patient who has an accident and was not warned of drug hazard, whether orally or by labelling, may successfully
sue the doctor in law. It is also necessary that patients be advised of the additive effect of alcohol with prescribed
medicines.

How the patient feels is not a reliable guide to recovery of skills, and drivers may be more than usually accident prone
without any subjective feeling of sedation or dysphoria. The criteria for safety in air-crew are more stringent than those
for car drivers.

Resumption of car driving or other skilled activity after anaesthesia is a special case, and an extremely variable one,
but where a sedative, e.g. intravenous benzodiazepine, opioid or neuroleptic, or any general anaesthetic, has been
used it seems reasonable not to drive for 24 h at least.

The emphasis on psychomotor and physical aspects (injury) should not distract from the possibility that those who live
by their intellect and imagination (politicians and even journalists may be included here) may suffer cognitive disability
from thoughtless prescribing.

SOURCES OF ADVERSE DRUG REACTIONS

The reasons why patients experience ADRs are varied and numerous, but reflection on the following may help a
prescriber to anticipate and avoid unwelcome events:



o The patient may be predisposed to an ADR by age, sex, genetic constitution, known tendency to allergy,
disease of drug eliminating organs (see Chapter 7), or social habits, e.g. use of tobacco, alcohol, other
recreational drugs (see Chapter 10).

e The known nature of the drug may forewarn. Some drugs, e.g. digoxin, have steep dose-response curves and
small increments of dose are more likely to induce adverse or toxic reactions (see p. 116). The capacity of the
body to eliminate certain drugs, e.g. phenytoin, may saturate within the therapeutic dose range so that
standard increases cause disproportionate rise in plasma concentration, risking toxic effects (see p. 80).
Some drugs, e.g. antimicrobials, have a tendency to cause allergy. Anticancer agents warrant special care as
they are by their nature cytotoxic (see Chapter 30). Use of these and other drugs may raise longer-term
issues of mutagenicity, carcinogenicity and teratogenicity. Ingredients of a formulation, rather than the active
drug may also cause adverse reactions. Examples include the high sodium content of some antacids, and
colouring and flavouring agents. The latter are designated in the list of contents by E numbers; tartrazine
(E102) may cause allergic reactions.

e The prescriber needs to be aware that adverse reactions may occur after a drug has been used for a long
time, at a critical phase in pregnancy, is abruptly discontinued (see p. 104) or given with other drugs (see
Drug interactions, Chapter 7).

Aspects of the above appear throughout the book as is indicated. Selected topics are now discussed.

AGE

The very old and the very young are liable to be intolerant of many drugs, largely because the mechanisms for
disposing of them in the body are less efficient. The young, it has been aptly said, are not simply 'small adults' and
'respect for their pharmacokinetic variability should be added to the list of our senior citizens' rights‘.14 The old are also
frequently exposed to multiple drug therapy which further predisposes to adverse effects (see Prescribing for the
elderly, p. 109).

SEX
Females are more likely to experience adverse reactions to certain drugs, e.g. mefloquine (neuropsychiatric effects).

GENETIC CONSTITUTION

Inherited factors that influence response to drugs are discussed in general under Pharmacogenetics (see p. 105). It is
convenient here to describe the porphyrias, a specific group of disorders for which careful prescribing in a subgroup,
the acute porphyrias, is vital.

Healthy people need to produce haem, e.g. for erythrocytes and haem-dependent enzymes. Haem is synthesised by
a sequence of enzymes and in non-erythroid cells (including the liver) the rate of the synthetic process is controlled by
the first of these, d-aminolaevulinic acid (ALA) synthase, upon which haem provides a negative feedback.

The porphyrias comprise a number of rare, genetically determined, single-enzyme defects in haem biosynthesis and
give rise to two main clinical manifestations: acute neurovisceral attacks and/or skin lesions. Non-acute porphyrias
(porphyria cutanea tarda, erythropoietic protoporphyria and congenital erythropoietic porphyria) present with
cutaneous photosensitivity that results from the overproduction of porphyrins, which are photosensitising. In porphyria
cutanea tarda, a mainly acquired disorder of hepatic enzyme function, one of the main provoking agents is alcohol
(and prescribed oestrogens in women).

The acute hepatic porphyrias (acute intermittent porphyria, variegate porphyria and hereditary co-proporphyria) are
characterised by severe attacks of neurovisceral dysfunction precipitated principally by a wide variety of drugs (and
also by alcohol, fasting and infection). Clinical effects arise from the accumulation of the precursors of haem
synthesis, d-ALA, porphobilinogen.

The exact precipitating mechanisms are uncertain. Induction of the haem-containing hepatic oxidising enzymes of the
cytochrome P450 group causes an increased demand for haem. Therefore drugs that induce these enzymes would be
expected to precipitate acute attacks of porphyria, and they do so; tobacco smoking and alcohol excess may also act
via this mechanism. Apparently unexplained attacks of porphyria should be an indication for close enquiry into all
possible chemical intake, including recreational substances such as marijuana, cocaine, amfetamines and ecstasy.
Patients must be educated to understand their condition, to possess a list of safe and unsafe drugs, and to protect
themselves from themselves and from others, including prescribing doctors.

Great care in prescribing for these patients is required if serious iliness is to be avoided and it is therefore essential
that patients and their clinicians have access to information concerning the safe use of prescription medication. Drug
lists should be reviewed regularly, and a recent initiative in Europe has made a consensus based list of safe drugs
available at ( http://www.porphyria-europe.org as well as details of common prescribing problems and a link to a
searchable drug safety database ( http://www.drugs-porphyria.org).
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If no recognised safe option is available, use of a drug about which there is uncertainty may be justified. Dr M.
Badminton'® writes: 'Essential treatment should never be withheld, especially for a condition that is serious or life
threatening. The clinician should assess the severity of the condition and the activity of the porphyria and make a risk
versus benefit assessment.' In these circumstances the clinician may wish to contact an expert centre for advice (see
the list at http://www.porphyria-europe.com), which is likely to recommend that the patient be monitored as follows:

1. Measure urine and porphobilinogen before starting treatment.
Repeat the measurement at regular intervals or if the patient has symptoms in keeping with an acute attack. If
there is an increase in the precursor levels, stop the treatment and consider giving haem arginate for acute
attack (see below).

In treatment of the acute attack the rationale to use means of reducing d-ALA synthase activity. Haem arginate
(human haematin) infusion, by replenishing haem and so removing the stimulus to d-ALA synthase, is effective if
given early, and may prevent chronic neuropathy. Additionally, attention to nutrition, particularly the supply of
carbohydrate, relief of pain (with an opioid), and of hypertension and tachycardia (with a $-adrenoceptor blocker) are
important. Hyponatraemia is a frequent complication, and plasma electrolytes should be monitored.

THE ENVIRONMENT AND SOCIAL HABITS

Drug metabolism may be increased by hepatic enzyme induction from insecticide accumulation, e.g. dicophane
(DDT), and from alcohol use and the tobacco habit, e.g. smokers require a higher dose of theophylline. Antimicrobials
used in feeds of animals for human consumption have given rise to concern in relation to the spread of resistant
bacteria that may affect man. Penicillin in the air of hospitals or in milk (see below) may cause allergy.

ALLERGY IN RESPONSE TO DRUGS

Allergic reactions to drugs are the result of the interaction of drug or metabolite (or a non-drug element in the
formulation) with patient and disease, and subsequent re-exposure.

Lack of previous exposure is not the same as lack of history of previous exposure, and 'first dose reactions' are
among the most dramatic. Exposure is not necessarily medical, e.g. penicillins may occur in dairy products following
treatment of mastitis in cows (despite laws to prevent this), and penicillin antibodies are commonly present in those
who deny ever having received the drug. Immune responses to drugs may be harmful (allergy) or harmless; the fact
that antibodies are produced does not mean a patient will necessarily respond to re-exposure with clinical
manifestations; most of the UK population has antibodies to penicillins but, fortunately, comparatively few react
clinically to penicillin administration.

Whilst macromolecules (proteins, peptides, dextran polysaccharides) can act as complete antigens, most drugs are
simple chemicals (mol. wt. less than 1000) and act as incomplete antigens or haptens, which become complete
antigens in combination with a body protein.

The chief target organs of drug allergy are the skin, respiratory tract, gastrointestinal tract, blood and blood vessels.

Allergic reactions in general may be classified according to four types of hypersensitivity, and drugs can elicit
reactions of all types.

Type | reactions: immediate or anaphylactic type

The drug causes formation of tissue-sensitising immunoglobulin (Ig) E antibodies that are fixed to mast cells or
leucocytes; on subsequent administration the allergen (conjugate of drug or metabolite with tissue protein) reacts with
these antibodies, activating but not damaging the cell to which they are fixed and causing release of
pharmacologically active substances, e.g. histamine, leukotrienes, prostaglandins, platelet activating factor, and
causing effects such as urticaria, anaphylactic shock and asthma. Allergy develops within minutes and lasts for 1-2 h.

Type Il reactions: antibody-dependent cytotoxic type

The drug or metabolite combines with a protein in the body so that the body no longer recognises the protein as self,
treats it as a foreign protein and forms antibodies (IgG, IgM) that combine with the antigen and activate complement
which damages cells, e.g. penicillin-or methyldopa-induced haemolytic anaemia.

Type Il reactions: immune complex-mediated type

Antigen and antibody form large complexes and activate complement. Small blood vessels are damaged or blocked.
Leucocytes attracted to the site of reaction engulf the immune complexes and release pharmacologically active
substances (including lysosomal enzymes), starting an inflammatory process. These reactions include serum
sickness, glomerulonephritis, vasculitis and pulmonary disease.

Type 1V reactions: lymphocyte-mediated type
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Antigen-specific receptors develop on T lymphocytes. Subsequent administration leads to a local or tissue allergic
reaction, e.g. contact dermatitis.

Cross-allergy within a group of drugs is usual, e.g. the penicillins. When allergy to a particular drug is established, a
substitute should be selected from a chemically different group. Patients with allergic diseases, e.g. eczema, are more
likely to develop allergy to drugs.

The distinctive features of allergic reactions are:'®

e Lack of correlation with known pharmacological properties of the drug.

e Lack of linear relation with drug dose (very small doses may cause very severe effects).

Rashes, angio-oedema, serum sickness syndrome, anaphylaxis or asthma; characteristics of classic protein
allergy.

Requirement of an induction period on primary exposure, but not on re-exposure.

Disappearance on cessation of administration and reappearance on re-exposure to a small dose.
Occurrence in a minority of patients receiving the drug.

Possible response to desensitisation.

PRINCIPAL CLINICAL MANIFESTATIONS AND TREATMENT

1. Urticarial rashes and angioedema (types I, lll). These are probably the commonest type of drug allergy.
Reactions may be generalised, but frequently are worst in and around the external area of administration of the drug.
The eyelids, lips and face are usually most affected. They are usually accompanied by itching. Oedema of the larynx
is rare but may be fatal. They respond to adrenaline (epinephrine), ephedrine, H4-receptor antihistamine and adrenal
steroid (see below).

2a. Nonurticarial rashes (types |, I, IV). These occur in great variety; frequently they are weeping exudative lesions.
It is often difficult to be sure when a rash is due to a drug. Apart from stopping the drug, treatment is non-specific; in
severe cases an adrenal steroid should be used. Skin sensitisation to antimicrobials may be very troublesome,
especially amongst those who handle them (see Chapter 16 for more detail).

2b. Diseases of the lymphoid system. Infectious mononucleosis (and lymphoma, leukaemia) is associated with an
increased incidence (>40%) of a characteristic maculopapular, sometimes purpuric, rash which is probably allergic,
when an aminopenicillin (ampicillin, amoxicillin) is taken; patients may not be allergic to other penicillins. Erythromycin
may cause a similar reaction.

3. Anaphylactic shock (Type I) occurs with penicillin, anaesthetics (intravenous), iodine-containing radio-contrast
media and a huge variety of other drugs. A severe fall in blood pressure occurs, with bronchoconstriction, angio-
oedema (including larynx) and sometimes death due to loss of fluid from the intravascular compartment. Anaphylactic
shock usually occurs suddenly, in less than an hour after the drug, but within minutes if it has been given
intravenously.

Treatment is urgent
The following account combines advice from the UK Resuscitation Council with comment on the action of the drugs

used. Advice on the management of anaphylactic shock is altered periodically and the reader should check the
relevant website ( http://www.resus.org.uk) for the latest information.

e First, 500 micrograms of adrenaline (epinephrine) injection (0.5 mL of the 1 in 1000 solution) should be given
intramuscularly to raise the blood pressure and dilate the bronchi (vasoconstriction renders the subcutaneous
route less effective). If there is no clinical improvement, further intramuscular injections of adrenaline 500
micrograms should be given at 5-min intervals according to blood pressure, pulse and respiration.

e |If shock is profound, cardiopulmonary resuscitation/advanced life support are necessary. Consider also giving
adrenaline 1: 10 000 by slow intravenous infusion, at a rate of 100 micrograms/min (1 mL/min of the dilute 1 in
10 000 solution over 5 min), preferably with continuous ECG monitoring, stopping when a response has been
obtained. This procedure is hazardous and should be undertaken only by an experienced practitioner who can
obtain immediate intravenous access.

e The adrenaline should be accompanied by an H4-receptor antihistamine, e.g. chlorphenamine 10-20 mg
intramuscularly or by slow intravenous injection, and hydrocortisone 100-500 mg intramuscularly or by slow
intravenous injection. The adrenal steroid acts by reducing vascular permeability and by suppressing further
response to the antigen-antibody reaction. Benefit from an adrenal steroid is not immediate; it is unlikely to
begin for 30 min and takes hours to reach its maximum.

¢ In severe anaphylaxis, hypotension is due to vasodilatation and loss of circulating volume through leaky
capillaries. Thus, when there is no response to drug treatment, 1-2 L of plasma substitute should be infused
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rapidly. Crystalloid may be safer than colloid, which is associated with more allergic reactions.

o Where bronchospasm is severe and does not respond rapidly to other treatment, a B,-adrenoceptor agonist is
a useful adjunctive measure. Noradrenaline (norepinephrine) lacks any useful bronchodilator action (8 effect)
(see Adrenaline, Chapter 23).

o Where susceptibility to anaphylaxis is known, e.g. in patients with allergy to bee or wasp stings, preventive
self-management is feasible. The patient is taught to administer adrenaline intramuscularly from a pre-filled
syringe (EpiPen Auto-injector, delivering adrenaline 300 micrograms per dose).

o Half of the above doses of adrenaline may be safer for patients who are receiving amitriptyline or imipramine
(increased effect; see p. 338), or a B-adrenoceptor (hypertension; see p. 433).

Any hospital ward or other place where anaphylaxis may be anticipated should have all the drugs and equipment
necessary to deal with it in one convenient kit, for when they are needed there is little time to think and none to run
about from place to place (see also Pseudo-allergic reactions, p. 125).

4a. Pulmonary reactions: asthma (type I). Aspirin and other non-steroidal anti-inflammatory drugs may cause an
asthmatic attack. Whether this is an allergic or pseudo-allergic reaction, or a mixture of the two, is uncertain.

4b. Other types of pulmonary reaction (type Ill) include syndromes resembling acute and chronic lung infections,
pneumonitis, fibrosis and eosinophilia.

5. The serum sickness syndrome (type lll). This occurs about 1-3 weeks after administration. Treatment is by an
adrenal steroid, and as above if there is urticaria.

6. Blood disorders"’

6a. Thrombocytopenia (type Il, but also pseudo-allergic) may occur after exposure to any of a large number of
drugs, including: gold, quinine, quinidine, rifampicin, heparin, thionamide derivatives, thiazide diuretics,
sulphonamides, oestrogens, indometacin. Adrenal steroid may help.

6b. Granulocytopenia (type Il, but also pseudo-allergic), sometimes leading to agranulocytosis, is a very serious
allergy which may occur with many drugs, e.g. clozapine, carbamazepine, carbimazole, chloramphenicol,
sulphonamides (including diuretic and hypoglycaemic derivatives), colchicine, gold.

The value of precautionary leucocyte counts for drugs having special risk remains uncertain.'® Weekly counts may
detect presymptomatic granulocytopenia from antithyroid drugs, but onset can be sudden and an alternative view is to
monitor only with drugs having special risk, e.g. clozapine. The chief clinical manifestation of agranulocytosis is sore
throat or mouth ulcers, and patients should be warned to report such events immediately and to stop taking the drug,
but they should not be frightened into non-compliance with essential therapy. Treatment of the agranulocytosis
involves both stopping the drug responsible and giving a bactericidal drug, e.g. a penicillin, to prevent or treat
infection.

6¢. Aplastic anaemia (type Il, but not always allergic). Causal agents include chloramphenicol, sulphonamides and
derivatives (diuretics, antidiabetics), gold, penicillamine, allopurinol, felbamate, phenothiazines and some insecticides,
e.g. dicophane (DDT). In the case of chloramphenicol, bone marrow depression is a normal pharmacodynamic effect,
although aplastic anaemia may also be due to idiosyncrasy or allergy.

Death occurs in about 50% of cases, and treatment is as for agranulocytosis, with, obviously, blood transfusion.

6d. Haemolysis of all kinds is included here for convenience. There are three principal categories:

o Allergy (type Il) occurs with penicillins, methyldopa, levodopa, quinine, quinidine, sulfasalazine and organic
antimony. In some of these cases a drug-protein-antigen/antibody interaction may involve erythrocytes only
casually, i.e. a true 'innocent bystander' phenomenon.

e Dose-related pharmacodynamic action on normal cells, e.g. lead, benzene, phenylhydrazine, chlorates (weed-
killer), methyl chloride (refrigerant), some snake venoms.

e Idiosyncrasy (see Pharmacogenetics). Precipitation of a haemolytic crisis may also occur with the above
drugs in the rare genetic haemoglobinopathies. Treatment is to withdraw the drug, and an adrenal steroid is
useful in severe cases if the mechanism is immunological. Blood transfusion may be needed.

7. Fever is common; a mechanism is the release of interleukin-1 by leucocytes into the circulation which acts on
receptors in the hypothalamic thermoregulatory centre, releasing prostaglandin E;.

8. Collagen diseases (type Il) and syndromes resembling them. Systemic lupus erythematosus is sometimes caused
by drugs, e.g. hydralazine, procainamide, isoniazid, sulphonamides. Adrenal steroid is useful.



9. Hepatitis and cholestatic jaundice are sometimes allergic (see Drugs and the Liver, p. 584). Adrenal steroid may
be useful.

10. Nephropathy of various kinds (types Il, lll) occurs, as does damage to other organs, e.g. myocarditis. Adrenal
steroid may be useful.

DIAGNOSIS OF DRUG ALLERGY

This still depends largely on clinical criteria, history, type of reaction, response to withdrawal and systemic re-
challenge (if thought safe to do so).

Simple patch skin testing is naturally most useful in diagnosing contact dermatitis, but it is unreliable for other
allergies. Skin prick tests are helpful in specialist hands for diagnosing IgE-dependent drug reactions, notably due to
penicillin, cephalosporins, muscle relaxants, thiopental, streptokinase, cisplatin, insulin and latex. They can cause
anaphylactic shock. False-positive results occur.

Development of reliable in vitro predictive tests, e.g. employing serum or lymphocytes, is a matter of considerable
importance, not merely to remove hazard but also to avoid depriving patients of a drug that may be useful. Detection
of drug-specific circulating IgE antibodies by the radioallergosorbent test (RAST) is best developed for penicillins and
succinyl choline.

Drug allergy, once it has occurred, is not necessarily permanent, e.g. less than 50% of patients giving a history of
allergy to penicillin have a reaction if it is given again.

DESENSITISATION

Once patients become allergic to a drug, it is better that they should never again come into contact with it.
Desensitisation may be considered (in hospital) where a patient has suffered an IgE-mediated reaction to penicillin
and requires the drug for serious infection, e.g. meningitis or endocarditis. Such people can be desensitised by giving
very small amounts of allergen, which are than gradually increased (usually every few hours) until a normal dose is
tolerated.

The procedure may necessitate cover with a corticosteroid and a 3-adrenoceptor agonist (both of which inhibit
mediator synthesis and release), and an Hq-receptor antihistamine may be added if an adverse reaction occurs. A full
kit for treating anaphylactic shock should be at hand. Desensitisation may also be carried out for other antimicrobials,
e.g. antituberculous drugs.

The mechanism underlying desensitisation may involve the production by the patient of blocking antibodies that
compete successfully for the allergen but whose combination with it is innocuous; or the threshold of cells to the
triggering antibodies may be raised. Sometimes allergy is to an ingredient of the preparation other than the essential
drug, and merely changing the preparation is sufficient. Impurities are sometimes responsible, and purified penicillins
and insulins reduce the incidence of reactions.

PREVENTION OF ALLERGIC REACTIONS

Prevention is important because these reactions are unpleasant and may be fatal; it provides good reason for taking a
drug history. Patients should always be told if there is reason to believe they are allergic to a drug.

When looking for an alternative drug to avoid an adverse reaction, it is important not to select one from the same
chemical group, as may inadvertently occur because the proprietary name gives no indication of the nature of the
drug. This is another good reason for using the non-proprietary (generic) names as a matter of course. If a patient
claims to be allergic to a drug then that drug should not be given without careful enquiry that may include testing
(above): neglect of this has caused death.

If a patient claims to be allergic to a drug then that drug should not be given without careful
enquiry that may include testing (above): neglect of this has caused death.

PSEUDO-ALLERGIC REACTIONS

These are effects that mimic allergic reactions but have no immunological basis and are largely genetically
determined. They are due to release of endogenous, biologically active substances, e.g. histamine and leukotrienes,
by the drug. A variety of mechanisms is probably involved, direct and indirect, including complement activation leading
to formation of polypeptides that affect mast cells, as in true immunological reactions. Some drugs may produce both
allergic and pseudo-allergic reactions.

Pseudo-allergic effects mimicking type | reactions (above) are called anaphylactoid; they occur with aspirin and other
non-steroidal anti-inflammatory drugs (indirect action as above) (see also Pulmonary reactions, above); corticotropin
(direct histamine release); intravenous anaesthetics and a variety of other drugs given intravenously (morphine,



tubocurarine, dextran, radiographic contrast media) and inhaled (cromoglicate). Severe cases are treated as for true
allergic anaphylactic shock (above), from which, at the time, they are not distinguishable.

Type Il reactions are mimicked by the haemolysis induced by drugs (some antimalarials, sulphonamides and oxidising
agents) and food (broad beans) in subjects with inherited abnormalities of erythrocyte enzymes or haemoglobin (see
p. 107).

Type Il reactions are mimicked by nitrofurantoin (pneumonitis) and penicillamine (nephropathy). Lupus erythematosus
due to drugs (procainamide, isoniazid, phenytoin) may be pseudo-allergic.

MISCELLANEOUS ADVERSE REACTIONS

Transient reactions to intravenous injections are fairly common, resulting in hypotension, renal pain, fever or rigors,
especially if the injection is very rapid.

EFFECTS OF PROLONGED ADMINISTRATION: CHRONIC ORGAN TOXICITY

Although the majority of adverse events occur within days or weeks after a drug is administered, some reactions
develop only after months or years of exposure. In general, pharmacovigilance programmes reveal such effects; once
recognised, they demand careful monitoring during chronic drug therapy for their occurrence may carry serious
consequences for the patient (and the non-vigilant doctor, medicolegally). Descriptions of such reactions appear with
the accounts of relevant drugs; some examples are given.

Eye

Toxic cataract can be due to chloroquine and related drugs, adrenal steroids (topical and systemic), phenothiazines
and alkylating agents. Corneal opacities occur with phenothiazines and chloroquine. Retinal injury develops with
thioridazine (particularly, of the antipsychotics), chloroquine and indometacin, and visual field defects with vigabatrin.

Nervous system
Tardive dyskinesias occur with neuroleptics; polyneuritis with metronidazole; optic neuritis with ethambutol.

Lung
Amiodarone may cause pulmonary fibrosis. Sulfasalazine is associated with fibrosing alveolitis.

Kidney

Gold salts may cause nephropathy; see also analgesic nephropathy (p. 257).

Liver

Methotrexate may cause liver damage and hepatic fibrosis; amiodarone may induce steatohepatitis (fatty liver) (see
also alcohol, p. 152).

Carcinogenesis: see also Preclinical testing (p. 32). Mechanisms of carcinogenesis are complex; prediction from
animal tests is uncertain and causal attribution in humans has finally to be based on epidemiological studies. The
principal mechanisms are:

o Alteration of DNA (genotoxicity, mutagenicity). Many chemicals or their metabolites act by causing mutations,
activating oncogenes; those substances that are used as medicines include griseofulvin and alkylating
cytotoxics. Leukaemias and lymphomas are the most common malignancies.

e Immunosuppression. Malignancies develop in immunosuppressed patients, e.g. after organ transplantation
and cancer chemotherapy. There is a high incidence of lymphoid neoplasm. Chlorambucil, melphelan and
thiotepa present particular high relative risks. The use of immunosuppression in, e.g. rheumatoid arthritis, also
increases the incidence of neoplasms.

e Hormonal. Long-term use of oestrogen replacement in postmenopausal women induces endometrial cancer.
Combined oestrogen/progestogen oral contraceptives may both suppress and enhance cancers (see p. 646,
651). Diethylstilbestrol caused vaginal adenosis and cancer in the offspring of mothers who took it during
pregnancy in the hope of preventing miscarriage. It was used for this purpose for decades after its introduction
in the 1940s, on purely theoretical grounds. Controlled therapeutic trials were not done and there was no valid
evidence of therapeutic efficacy. Male fetuses developed non-malignant genital abnormalities."®

Carcinogenesis due to medicines requires that drug exposure be prolonged,20 i.e. months or years; the cancers
develop most commonly over 3-5 years, but sometimes years after treatment has ceased. There is a higher incidence
of secondary cancers in patients treated for a primary cancer.

ADVERSE EFFECTS ON REPRODUCTION



The medical profession has a grave duty to refrain from all unessential prescribing for women of childbearing potential
of drugs with, say, less than 10-15 years of widespread use behind them. It is not sufficient safeguard merely to ask a
woman if she is or may be pregnant, for it is also necessary to consider the possibility of a woman, who is not
pregnant at the time of prescribing, may become so whilst taking the drug.

Testing of new drugs on animals for their effects on reproduction has been mandatory since the thalidomide disaster,
even though the extrapolation of the findings to humans is uncertain (see Preclinical testing, p. 32). The placental
transfer of drugs from the mother to the fetus is considered on page 83.

Drugs may act on the embryo and fetus:

o Directly (thalidomide, cytotoxic drugs, antithyroid drugs, aromatic retinoids, e.g. isotretinoin): any drug
affecting cell division, enzymes, protein synthesis or DNA synthesis is a potential teratogen, e.g. many
antimicrobials.

e Indirectly:.

0 on the uterus (vasoconstrictors reduce blood supply and cause fetal anoxia, misoprostol causes
uterine contraction leading to abortion)
o on the mother's hormone balance.

Early pregnancy

During the first week after fertilisation, exposure to antimetabolites, misoprostol, ergot alkaloids or diethylstilbestrol
can cause abortion, which may not be recognised as such. The most vulnerable period for major anatomical
abnormality is that of organogenesis which occurs during weeks 2-8 of intrauterine life (4-10 weeks after the first day
of the last menstruation). After the organs are formed, abnormalities are less anatomically dramatic. Thus the activity
of a teratogen (teratos, monster) is most devastating soon after implantation, at doses that may not harm the mother
and at a time when she may not know she is pregnant.

Drugs known to be teratogenic include cytotoxics, warfarin, alcohol, lithium, methotrexate, phenytoin, sodium
valproate, angiotensin-converting enzyme (ACE) inhibitors and isotretinoin. Selective interference can produce
characteristic anatomical abnormalities; the phocomelia (flipper-like) limb defect was one factor that caused the effects
of thalidomide to be recognised so readily (see p. 62).

Innumerable drugs have come under suspicion. Those for which evidence of safety was subsequently found include
diazepam, oral contraceptives, spermicides and salicylates. Naturally the subject is a highly emotional one for
prospective parents. A definitive list of unsafe drugs is not practicable. Much depends on the dose taken and at what
stage of pregnancy. The topic must be followed in the current literature.

Late pregnancy

Because the important organs are already formed, drugs will not cause the gross anatomical defects that can occur
following exposure in early pregnancy. Administration of hormones, androgens or progestogens, can cause fetal
masculinisation; iodide and antithyroid drugs in high dose can cause fetal goitre, as can lithium; tetracyclines can
interfere with tooth and bone development, ACE inhibitors are associated with renal tubular dysgenesis and a skull
ossification defect. Tobacco smoking retards fetal growth; it does not cause anatomical abnormalities in humans as far
as is known.

Inhibitors of prostaglandin synthesis (aspirin, indometacin) may delay onset of labour and, in the fetus, cause closure
of the ductus arteriosus, patency of which is dependent on prostaglandins.

The suggestion that congenital cataract (due to denaturation of lens protein) might be due to drugs has some support
in humans. Chloroquine and chlorpromazine are concentrated in the fetal eye. As both can cause retinopathy, it would
seem wise to avoid them in pregnancy if possible.

For a discussion of anticoagulants in pregnancy, see page 518.

Drugs given to the mother just prior to labour can cause postnatal effects. CNS depressants may persist in and affect
the baby for days after birth; vasoconstrictors can cause fetal distress by reducing uterine blood supply; B-
adrenoceptor blockers may impair fetal response to hypoxia; sulphonamides displace bilirubin from plasma protein
(risk of kernicterus).

Babies born to mothers dependent on opioids may show a physical withdrawal syndrome.

Drugs given during labour
Any drug that acts to depress respiration in the mother can cause respiratory depression in the newborn; opioid



analgesics are notorious in this respect, but there can also be difficulty with any sedatives and general anaesthetics;
they may also cause fetal distress by reducing uterine blood flow, and prolong labour by depressing uterine muscle.

Diazepam (and other depressants) in high doses may cause hypotonia in the baby and possibly interfere with
suckling. There remains the possibility of later behavioural effects as a result of impaired development of the central
nervous system due to psychotropic drugs used during pregnancy; such effects have been shown in animals.

Detection of teratogens

Anatomical abnormalities are the easiest to detect. Non-anatomical (functional) effects can also occur; they include
effects on brain biochemistry that may have late behavioural consequences.

There is a substantial spontaneous background incidence of birth defect in the community (up to 2%), so the detection
of a low-grade teratogen that increases the incidence of one of the commoner abnormalities presents an intimidating
task. In addition, most teratogenic effects are probably multifactorial. In this emotionally charged area it is indeed hard
for the public, and especially for parents of an affected child, to grasp that:

The concept of absolute safety of drugs needs to be demolished ... In real life it can never be shown that a drug (or
anything else) has no teratogenic activity at all, in the sense of never being a contributory factor in anybody under any
circumstances. This concept can neither be tested nor proved.

Let us suppose for example, that some agent doubles the incidence of a condition that has natural incidence of 1 in 10
000 births. If the hypothesis is true, then studying 20 000 pregnant women who have taken the drug and 20 000 who
have not may yield respectively two cases and one case of the abnormality. It does not take a statistician to realise
that this signifies nothing, and it may need ten times as many pregnant women (almost half a million) to produce a
statistically significant result. This would involve such an extensive multicentre study that hundreds of doctors and
hospitals have to participate. The participants then each tend to bend the protocol to fit in with their clinical customs
and in the end it is difficult to assess the validity of the data.

Alternatively, a limited geographical basis may be used, with the trial going on for many years. During this time other
things in the environment change, so again the results would not command our confidence. If it were to be suggested
that there was something slightly teratogenic in milk, the hypothesis would be virtually untestable.

In practice we have to make up our minds which drugs may reasonably be given to pregnant women. Do we start from
a position of presumed guilt or from one of presumed innocence? If the former course is chosen then we cannot give
any drugs to pregnant women because we can never prove that they are completely free of teratogenic influence. It
therefore seems that we must start from a position of presumed innocence and then take all possible steps to find out
if the presumption is correct.

Finally, we must put the matter in perspective by considering the benefit/risk ratio. The problem of prescription in
pregnancy cannot be considered from the point of view of only one side of the equation. Drugs are primarily designed
to do good, and if a pregnant woman is ill it is in the best interests of her baby and herself that she gets better as
quickly as possible. This often means giving her drugs. We can argue about the necessity of giving drugs to prevent
vomiting, but there is no argument about the need for treatment of women with meningitis, septicaemia or venereal
disease.

What we must try to avoid is medication by the media or prescription by politicians. A public scare about a well-tried
drug will lead to wider use of less-tried alternatives. We do not want to be forced to practise the kind of defensive
medicine that is primarily designed to avoid litigation.?'

MALE REPRODUCTIVE FUNCTION

Impotence may occur with drugs affecting autonomic sympathetic function, e.g. some antihypertensives.
Spermatogenesis is reduced by a number of drugs including sulfasalazine and mesalazine (reversible), cytotoxic
anticancer drugs (reversible and irreversible) and nitrofurantoin. There has been a global decline in sperm
concentration and an environmental cause, e.g. chemicals that possess oestrogenic activity, seems likely.

Causation of birth defects due to abnormal sperm remains uncertain.
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9 Poisoning, overdose, antidotes

SYNOPSIS

Deliberate overdose with drugs is a common clinical problem. Poisoning also occurs in other
ways: by accident, use of recreational substances and occupational exposure. Specific
methods of counteracting acute and chronic poisons arise from an understanding of the
mechanisms involved; together with general measures, these offer scope for effective
management.

Deliberate and accidental self-poisoning

Principles of treatment

Poison-specific measures and antidotes

General measures

Specific poisonings: cyanide, methanol, ethylene glycol, hydrocarbons, volatile
solvents, heavy metals, herbicides and pesticides, biological substances (overdose of
medicinal drugs is dealt with under individual agents)

e |ncapacitating agents: drugs used for torture

SELF-POISONING

Poisoning is the means chosen in over 90% of instances of deliberate self-harm in the UK, usually by medicines taken
in overdose. These amount to at least 70 000 hospital admissions per annum in England and Wales (population 51
million). Prescribed drugs are used in more than 75% of episodes, but teenagers tend to favour non-prescribed
analgesics available by direct sale, e.g. paracetamol, which is important bearing in mind its potentially serious toxicity.
The mortality rate of self-poisoning is very low (less than 1% of acute hospital admissions), but 'completed' suicides by
poisoning still number 3500 per annum in England and Wales.

Accidental self-poisoning, causing admission to hospital, occurs predominantly amongst children under 5 years of
age, usually from medicines left within their reach or with domestic chemicals, e.g. bleach, detergents.

PRINCIPLES OF TREATMENT

Successful treatment of acute poisoning depends on a combination of speed and common sense, as well as on the
nature of the poison, the amount taken and the time that has since elapsed. The maijority of those admitted to hospital
require only observation and medical and nursing supportive measures while they metabolise and eliminate the
poison. Some require a specific antidote or a specific measure to increase elimination. Only a few need intensive care
facilities.

In the UK regional medicines information centres provide specialist advice and information over the telephone
throughout the day and night (0870 600 6266). Additionally, TOXBASE, the primary clinical toxicology database of the
UK National Poisons Information Service, is available on the internet to registered users for the routine diagnosis,
treatment and management of patients exposed to drugs, household products, and industrial and agricultural
chemicals at: http://www.spib.axl.co.uk.

POISON-SPECIFIC MEASURES
IDENTIFICATION OF THE POISON(S)

The key pieces of information are:

o the identity of the substance(s) taken
e the dose(s)
o the time that has since elapsed.

Adults may be sufficiently conscious to give some indication of the poison or may have referred to it in a suicide note,
or there may be other circumstantial evidence. Rapid (1-2 h) biochemical 'screens' of plasma or urine are available but
are best reserved for seriously ill or unconscious patients in whom the cause of coma is unknown.

Analysis of plasma for specific substances is essential in suspected cases of paracetamol or iron poisoning, to
indicate which patients should receive antidotes; plasma concentration measurement is also used to quantify the risk
in overdose of salicylate, lithium and some sedative drugs, e.g. trichloroethanol derivatives, phenobarbital, when
particular treatments, e.g. haemodialysis, urine alkalinisation, may be indicated.

Response to a specific antidote may provide a diagnosis, e.g. dilatation of constricted pupils and increased respiratory
rate after intravenous naloxone (opioid poisoning) or arousal from unconsciousness in response to intravenous


http://www.spib.axl.co.uk/

flumazenil (benzodiazepine poisoning).

PREVENTION OF FURTHER ABSORPTION OF THE POISON
From the environment

When a poison has been inhaled or absorbed through the skin, the patient should be taken from the toxic
environment, the contaminated clothing removed and the skin cleansed.

From the alimentary tract (‘'gut decontamination’)*

Gastric lavage confers little benefit and is associated with risk (laryngospasm, hypoxia, arrhythmia, perforation). It
may be considered in extraordinary circumstances for the hospitalised adult who is believed to have ingested a
potentially life-threatening amount of a poison within the previous hour, and provided the airways are protected by a
cuffed endotracheal tube. It is contraindicated for a corrosive substance, a hydrocarbon with high aspiration potential
or if there is risk of haemorrhage from an underlying gastrointestinal condition.

Emesis, using Syrup of Ipecacuanha, is no longer practised in hospital, as there is no clinical trial evidence that the
procedure improves outcome. Rarely, it may be justified out of hospital, e.g. with no alternative therapy and
anticipated delay in reaching an emergency facility.

Oral adsorbents

Activated charcoal (Carbomix) consists of a very fine black powder prepared from vegetable matter, e.g. wood pulp,
coconut shell, which is 'activated' by an oxidising gas flow at high temperature to create a network of small (10-20 nm)
pores to create an enormous surface area in relation to weight (1000 m2/g). This binds to, and thus inactivates, a wide
variety of compounds in the gut. Indeed, activated charcoal comes nearest to fulfilling the long-sought notion of a
'universal antidote'.? Thus it is simpler to list the exceptions, i.e. substances that are poorly adsorbed by charcoal,
namely:

metal salts (iron, lithium)

cyanide

alcohols (ethanol, methanol, ethylene glycol)
petroleum distillates

clofenotane (dicophane, DDT)

malathion

strong acids and alkalis

corrosive agents.

To be most effective, five to ten times as much charcoal as poison, weight for weight, is needed. In the adult an initial
dose of 50 g is usual, repeated if necessary. If the patient is vomiting, give the charcoal through a nasogastric tube.

Activated charcoal is most effective when given quickly after ingestion of a potentially toxic amount of a poison and
whilst a significant amount remains yet unabsorbed; administration within 1 h can be expected to prevent some 40-
50% of absorption.

Charcoal in repeated doses accelerates the elimination of poison that has been absorbed (see p. 133).

Activated charcoal, although unpalatable, appears to be relatively safe but constipation or mechanical bowel
obstruction may follow repeated use. In the drowsy or comatose patient there is particular risk of aspiration into the
lungs causing hypoxia through obstruction and arteriovenous shunting. Note that methionine, used orally for
paracetamol poisoning, is adsorbed.

Other oral adsorbents have specific uses. Fuller's earth (a natural form of aluminium silicate) binds and inactivates the
herbicides paraquat (activated charcoal is superior) and diquat; colestyramine and colestipol will adsorb warfarin.

Whole-bowel irrigation3 has been used for the removal of sustained-release or enteric-coated formulations from
patients who present more than 2 h after ingestion, e.g. iron, theophylline, aspirin. Evidence of benefit is conflicting.
Activated charcoal in frequent (50 g) doses is generally preferred. Sustained-release formulations are common, and
patients have died from failure to recognise the danger of continued release of drug from such products. Whole-bowel
irrigation is also an option for the removal of ingested packets of illicit drugs (see p. 146).

Cathartics have no routine role in gut decontamination, but a single dose of an osmotic agent (sorbitol, magnesium
sulphate) may be justified on occasion.

SPECIFIC ANTIDOTES*
Specific antidotes reduce or abolish the effects of poisons through a variety of mechanisms, indicated in Figure 9.1.



Table 9.1 illustrates these mechanisms with antidotes that are of therapeutic value.

CHELATING AGENTS

ENZYMES
inhibited
reactivated
bypassed

RECEPTORS
activated
blocked
bypassed

DISPLACEMENT
FROM TISSUE
BINDING
SITES

EXCHANGE
WITH
POISON

REPLENISHMENT
OF ESSENTIAL
SUBSTANCE

BINDING TO
POISON
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Figure 9.1 Mechanisms by which specific antidotes reduce or abolish the effects of poisons.

Acute or chronic exposure to heavy metals can harm the body.5 Treatment is with chelating agents which incorporate
the metal ions into an inner ring structure in the molecule (Greek: chele, claw) by means of structural groups called
ligands (Latin: ligare, to bind). Effective agents form stable, biologically inert complexes that pass into the urine.

Dimercaprol (British Anti-Lewisite, BAL). Arsenic and other metal ions are toxic in low concentration because they
combine with the SH-groups of essential enzymes, thus inactivating them. Dimercaprol provides SH-groups, which
combine with the metal ions to form relatively harmless ring compounds that pass from the body, mainly in the urine.
As dimercaprol itself is oxidised in the body and excreted renally, repeated administration is necessary to ensure that
an excess is available to eliminate all of the metal.




Antidote
acetylcysteine

atropine

benzatropine
calcium gluconate
desferrioxamine
dicobalt edetate

digoxin-specific antibody
fragments (FAB)
dimercaprol (BAL)
ethanol (or fomepizole)
flumazenil

folinic acid

glucagon

isoprenaline

methionine
naloxone
neostigmine

oxygen

penicillamine

phenoxybenzamine

phentolamine

phytomenadione (vitamin
K1)

pralidoxime
propranolol

protamine

Prussian blue (potassium
ferric hexacyanoferrate)

sodium calciumedetate
unithiol

account of individual drugs)
Indication

paracetamol, chloroform, carbon
tetrachloride, radiocontrast
nephropathy

cholinesterase inhibitors, e.g.
organophosphorus insecticides

3-blocker poisoning

drug-induced movement disorders

hydrofluoric acid, fluorides
iron

cyanide and derivatives, e.qg.
acrylonitrile

digitalis glycosides

arsenic, copper, gold, lead,
inorganic mercury

ethylene glycol, methanol

benzodiazepines

folic acid antagonists, e.g.
methotrexate, trimethoprim

3-adrenoceptor antagonists

3-adrenoceptor antagonists

paracetamol
opioids
antimuscarinic drugs

carbon monoxide

copper, gold, lead, elemental
mercury (vapour), zinc

hypertension due to a-
adrenoceptor agonists, e.g. with
MAOI, clonidine, ergotamine

as above

coumarin (warfarin) and
indandione anticoagulants

cholinesterase inhibitors, e.g.
organophosphorus insecticides

3-adrenoceptor agonists,

ephedrine, theophylline, thyroxine

heparin
thallium (in rodenticides)

lead

lead, elemental and organic
mercury

Table 9-1. Some specific antidotes, indications and modes of action (see Index for a fuller

Mode of action
Replenishes depleted glutathione stores

Blocks muscarinic cholinoceptors

Vagal block accelerates heart rate
Blocks muscarinic cholinoceptors
Binds or precipitates fluoride ions
Chelates ferrous ions

Chelates to form non-toxic cobalti- and
cobalto cyanides

Binds free glycoside in plasma, complex
excrete in urine

Chelates metal ions

Competes for alcohol and acetaldehyde
dehydrogenases, preventing formation of
toxic metabolites

Competes for benzodiazepine receptors
Bypasses block in folate metabolism

Bypasses blockade of the R-adrenoceptor;
stimulates cyclic AMP formation with
positive cardiac inotropic effect

Competes for and activates R-
adrenoceptors

Replenishes depleted glutathione stores
Competes for opioid receptors

Inhibits acetylcholinesterase, causing
acetylcholine to accumulate at
cholinoceptors

Competitively displaces carbon monoxide
from binding sites on haemoglobin

Chelates metal ions

Competes for and blocks a-adrenoceptors
(long acting)

Competes for and blocks a-adrenoceptors
(short acting)

Replenishes vitamin K

Competitively reactivates cholinesterase

Blocks R-adrenoceptors

Binds ionically to neutralise
Potassium exchanges for thallium

Chelates lead ions
Chelates metal ions



Dimercaprol may be used in cases of poisoning by antimony, arsenic, bismuth, gold and mercury (inorganic, e.g.
HgCl,).

Adverse effects are common, particularly with larger doses, and include nausea and vomiting, lachrymation and
salivation, paraesthesiae, muscular aches and pains, urticarial rashes, tachycardia and raised blood pressure. Gross
overdosage may cause over-breathing, muscular tremors, convulsions and coma.

Unithiol (dimercaptopropanesulphonate, DMPS) effectively chelates lead and mercury; it is well tolerated.

Sodium calciumedetate is the calcium chelate of the disodium salt of ethylenediaminetetra-acetic acid (calcium
EDTA). It is effective in acute lead poisoning because of its capacity to exchange calcium for lead: the kidney excretes
the lead chelate, leaving behind a harmless amount of calcium. Dimercaprol may usefully be combined with sodium
calcium-edetate when lead poisoning is severe, e.g. with encephalopathy.

Adverse effects are fairly common, and include hypotension, lachrymation, nasal stuffiness, sneezing, muscle pains
and chills. Renal damage can occur.

Dicobalt edetate

Cobalt forms stable, non-toxic complexes with cyanide (see p. 136). It is toxic (especially if the wrong diagnosis is
made and no cyanide is present), causing hypertension, tachycardia and chest pain; consequent cobalt poisoning is
treated by giving sodium calciumedetate and intravenous glucose.

Penicillamine (dimethylcysteine) is a metabolite of penicillin that contains SH-groups; it may be used to chelate lead
and copper (see Hepatolenticular degeneration, p. 386). Its principal use is for rheumatoid arthritis (see Index).

Desferrioxamine
See Iron (p. 533).

ACCELERATION OF ELIMINATION OF THE POISON

Techniques for eliminating poisons have a role that is limited, but important when applicable. Each method depends,
directly or indirectly, on removing drug from the circulation and successful use requires that:

e The poison should be present in high concentration in the plasma relative to that in the rest of the body, i.e. it
should have a small distribution volume.

e The poison should dissociate readily from any plasma protein binding sites.

o The effects of the poison should relate to its plasma concentration.

Methods used are:

Repeated doses of activated charcoal

Activated charcoal by mouth not only adsorbs ingested drug in the gut, preventing absorption into the body (see
above), it also adsorbs drug that diffuses from the blood into the gut lumen when the concentration there is lower. As
binding is irreversible, the concentration gradient is maintained and drug is continuously removed; this has been called
'intestinal dialysis'. Charcoal may also adsorb drugs that secrete into the bile, i.e. by interrupting an enterohepatic
cycle.

The procedure is effective for overdose of carbamazepine, dapsone, phenobarbital, quinine, salicylate and
theophylline. Repeated-dose activated charcoal is increasingly preferred to alkalinisation of urine (below) for
phenobarbital and salicylate poisoning.

In adults, activated charcoal 50 g is given initially, then 50 g every 4 h. Vomiting should be treated with an antiemetic
drug because it reduces the efficacy of charcoal treatment. Where there is intolerance, the dose may be reduced and
the frequency increased, e.g. 25 g every 2 h or 12.5 g every hour, but efficacy may be compromised.

Alteration of urine pH and diuresis
It is useful to alter the pH of the glomerular filtrate such that a drug that is a weak electrolyte will ionise, become less
lipid soluble, remain in the renal tubular fluid, and leave the body in the urine (see p. 82).

Maintenance of a good urine flow (e.g. 100 mL/h) helps this process, but the alteration of tubular fluid pH is the
important determinant. The practice of forcing diuresis with furosemide and large volumes of intravenous fluid does
not add significantly to drug clearance but may cause fluid overload; it is obsolete.



Alkalinisation® may be used for salicylate (>500 mg/L + metabolic acidosis, or in any case >750 mg/L), phenobarbital
(75-150 mg/L) or phenoxy herbicides, e.g. 2,4-D, mecoprop, dichlorprop.

The objective is to maintain a urine pH of 7.5-8.5 by an intravenous infusion of sodium bicarbonate. Available
preparations of sodium bicarbonate vary between 1.2 and 8.4% (1 mL of the 8.4% preparation contains 1 mmol
sodium bicarbonate) and the concentration given will depend on the patient's fluid needs.

Acidification may be used for severe, acute amfetamine, dexfenfluramine or phencyclidine poisoning. The objective is
to maintain a urine pH of 5.5-6.5 by giving an intravenous infusion of arginine hydrochloride (10 g) over 30 min,
followed by ammonium chloride (4 g) every 2 h by mouth. It is rarely necessary. Hypertension due to amfetamine-like
drugs, for example, will respond to phenoxybenzamine (by a-adrenoceptor block).

Haemodialysis

The system requires a temporary extracorporeal circulation, e.g. from an artery to a vein in the arm. A semipermeable
membrane separates blood from dialysis fluid; the poison passes passively from the blood, where it is present in high
concentration to enter the dialysis fluid, which is flowing and thus constantly replaced.

Haemodialysis significantly increases the elimination of: salicylate (>750 mg/L + renal failure, or in any case >900
mg/L), isopropanol (present in aftershave lotions and window-cleaning solutions), lithium and methanol, ethylene
glycol, ethanol.

Haemofiltration

An extracorporeal circulation brings blood into contact with a highly permeable membrane. Water is lost by
ultrafiltration (the rate being dependent on the hydrostatic pressure gradient across membrane) and solutes by
convection; the main change in plasma concentrations results from replacement of ultrafiltrate with an appropriate
solution.

Haemofiltration is effective for: phenobarbital (>100-150 mg/L, but repeat-dose activated charcoal by mouth appears
to be as effective; see above) and other barbiturates, ethchlorvynol, glutethimide, meprobamate, methaqualone,
theophylline, trichloroethanol derivatives.

Peritoneal dialysis

This involves instilling appropriate fluid into the peritoneal cavity. Poison in the blood diffuses down the concentration
gradient into the dialysis fluid, which undergoes repeated drainage and replacement. The technique requires little
equipment; it may be worth using for lithium and methanol poisoning.

Haemocfiltration and peritoneal dialysis are more readily available but are less efficient (one-half to one-third) than
haemodialysis.

Haemodialysis and haemoperfusion are invasive, demand skill and experience on the part of the operator and are
costly in terms of staffing. Their use should be confined to cases of severe, prolonged or progressive clinical
intoxication, when high plasma concentration indicates a dangerous degree of poisoning, and their effect constitutes a
significant addition to natural methods of elimination.

GENERAL MEASURES
INITIAL ASSESSMENT AND RESUSCITATION
The initial clinical review should include a search for known toxic syndromes (see below).

Maintenance of an adequate oxygen supply is the first priority and the airway must be sucked clear of oropharyngeal
secretions or regurgitated matter.

Shock in acute poisoning is usually due to expansion of the venous capacitance bed and placing the patient in the
head-down position to encourage venous return to the heart, or a colloid plasma expander such as gelatin or
etherified starch administered intravenously restores blood pressure.

External cardiac compression may be necessary and should be continued until the cardiac output is self-sustaining,
which may be a long time when the patient is hypothermic or poisoned with a cardiodepressant drug, e.g. tricyclic
antidepressant, B-adrenoceptor blocker.

Investigations include biochemical screening of plasma for commonly used agents, e.g. paracetamol (which initially
produces no characteristic signs), and measurement of plasma electrolytes. Hypokalaemia (e.g. due to -agonist,
theophylline, chloroquine, alkalosis or gastrointestinal loss) is commoner than hyperkalaemia (e.g. due to acidosis or
rhabdomyolysis). Respiratory insufficiency or hyperventilation calls for blood gas analysis.

SUPPORTIVE TREATMENT



The salient fact is the most efficient eliminating mechanisms are the patient's own, which, given time, will inactivate
and eliminate all the poison. Most patients recover from acute poisonings provided they are adequately oxygenated,
hydrated and perfused. Special problems introduced by poisoning are:

Airway maintenance is essential; some patients require a cuffed endotracheal tube but seldom for more than 24 h.

Ventilation

A mixed respiratory and metabolic acidosis is common. Supplementing the inspired air with oxygen corrects hypoxia
and mechanical ventilation is necessary if the Paco, exceeds 6.5 kPa.

Hypotension is common and, in addition to the resuscitative measures indicated above, infusion of a combination of
dopamine and dobutamine in low dose may be required to maintain renal perfusion.

Convulsions should be treated if they are persistent or protracted. Intravenous diazepam is the first choice.

Cardiac arrhythmia frequently accompanies poisoning, e.g. with tricyclic antidepressants, theophylline, B-
adrenoceptor blockers. Acidosis, hypoxia and electrolyte disturbance are often important contributory factors and it is
preferable to observe the effect of correcting these before considering resort to an antiarrhythmic drug. If arrhythmia
does lead to persistent peripheral circulatory failure, an appropriate drug may be justifed, e.g. a B-adrenoceptor
blocker for poisoning with a sympathomimetic drug.

Hypothermia may occur if CNS depression impairs temperature regulation. A low-reading rectal thermometer is used
to monitor core temperature, while the patient is nursed in a heat-retaining 'space blanket'.

Immobility may lead to pressure lesions of peripheral nerves, cutaneous blisters and necrosis over bony
prominences.

Rhabdomyolysis may result from prolonged pressure on muscles, from agents that cause muscle spasm or
convulsions (phencyclidine, theophylline) or be aggravated by hyperthermia due to muscle contraction, e.g. with
MDMA (‘ecstasy'). Aggressive volume repletion and correction of acid-base abnormality are needed, and urine
alkalinisation may prevent acute tubular necrosis.

PSYCHIATRIC AND SOCIAL ASSESSMENT

Interpersonal or social problems precipitate most cases of self-poisoning and require attention. Treat major psychiatric
illness, when it is identified.

There are said to be occasions when a wise7man chooses suicide - but generally speaking it is not in an excess of
reasonableness that people kill themselves.

SOME POISONINGS
CHARACTERISTIC TOXIC SYNDROMES (‘'TOXIDROMES')®

Many substances used in accidental or self-poisoning produce recognisable symptoms and signs. Some arise from
dysfunction of the central or autonomic nervous systems; other agents produce individual effects. They can be useful
diagnostically.

Antimuscarinic syndromes consist of tachycardia, dilated pupils, dry, flushed skin, urinary retention, decreased
bowel sounds, mild increase in body temperature, confusion, cardiac arrhythmias and seizures. Antipsychotics,
tricyclic antidepressants, antihistamines, antispasmodics and many plants (see p. 138) are causal.

Cholinergic (muscarinic) syndromes comprise salivation, lachrymation, abdominal cramps, urinary and faecal
incontinence, vomiting, sweating, miosis, muscle fasciculation and weakness, bradycardia, pulmonary oedema,
confusion, CNS depression and fitting. Common causes include organophosphorus and carbamate insecticides,
neostigmine and other anticholinesterase drugs, and some fungi (mushrooms).

Sympathomimetic syndromes include tachycardia, hypertension, hyperthermia, sweating, mydriasis, hyperreflexia,
agitation, delusions, paranoia, seizures and cardiac arrhythmias. Amphetamine and its derivatives, cocaine, ecstasy,
proprietary decongestants, e.g. ephedrine, and theophylline (in the latter case, excluding psychiatric effects), are
common causes.

Sedatives, opioids and ethanol cause signs that may include respiratory depression, miosis, hyporeflexia, coma,
hypotension and hypothermia.

Other drugs and non-drug chemicals that produce characteristic effects include: salicylates, methanol and ethylene
glycol, iron, selective serotonin reuptake inhibitors (see Index).

Effects of overdose with other individual drugs or drug groups appear in the relevant accounts throughout the book.



POISONINGS BY (NON-DRUG) CHEMICALS

Cyanide causes tissue anoxia by chelating the ferric part of the intracellular respiratory enzyme, cytochrome oxidase.
Poisoning may occur as a result of self-administration of hydrocyanic (prussic) acid, by accidental exposure in
industry, through inhaling smoke from burning polyurethane foams in furniture, through ingesting amygdalin which is
present in the kernels of several fruits including apricots, almonds and peaches (constituents of the unlicensed
anticancer agent, laetrile), or from excessive use of sodium nitroprusside for severe hypertension.g

The symptoms of acute poisoning are due to tissue anoxia, with dizziness, palpitations, a feeling of chest constriction
and anxiety; characteristically the breath smells of bitter almonds. In more severe cases there is acidosis and coma.
Inhaled hydrogen cyanide may lead to death within minutes, but with the ingested salt several hours may elapse
before the patient is seriously ill.

The principles of specific therapy are as follows:

o Dicobalt edetate to chelate the cyanide is the treatment of choice when the diagnosis is certain (see p. 133).
The dose is 300 mg given intravenously over 1 min (5 min if condition is less serious), followed immediately by
a 50-mL intravenous infusion of 50% glucose; a further 300 mg dicobalt edetate should be given if recovery is
not evident within 1 min.
e Alternatively, a two-stage procedure may be followed by intravenous administration of:
1. Sodium nitrite, which rapidly converts haemoglobin to methaemoglobin, the ferric ion of which takes
up cyanide as cyanmethaemoglobin (up to 40% methaemoglobin can be tolerated).
2. Sodium thiosulphate, which more slowly detoxifies the cyanide by permitting the formation of
thiocyanate. When the diagnosis is uncertain, administration of thiosulphate plus oxygen is a safe
course.

Hydroxocobalamin (5 g for an adult) is a newer antidote that appears to be effective and well tolerated.

There is evidence that oxygen, especially if at high pressure (hyperbaric), overcomes the cellular anoxia in cyanide
poisoning; the mechanism is uncertain, but it is reasonable to administer high-flow oxygen.

Carbon monoxide (CO) forms when substances containing carbon and hydrogen are incompletely combusted;
poisoning results from inhalation. The concentration of CO in the blood may confirm exposure (cigarette smoking
alone may account for up to 10%) but is no guide to the severity of poisoning. Myocardial and neurological injury result
from impaired oxygen transport to cells; delayed (2-4 weeks) neurological sequelae include parkinsonism and
cerebellar signs. Administer oxygen through a tight-fitting mask and continue for at least 12 h. Evidence for the
efficacy of hyperbaric oxygen is conflicting and transport to hyperbaric chambers may present logistic problems, but it
is advocated when the blood carboxyhaemoglobin concentration exceeds 40%, there is unconsciousness,
neurological defect, ischaemic change on the ECG, or pregnancy.

Lead poisoning arises from a variety of occupational (house renovation and stripping old paint), and recreational
sources. Environmental exposure has been a matter of great concern, as witnessed by the protective legislation
introduced by many countries to reduce pollution, e.g. by removing lead from petrol.

Lead in the body comprises a rapidly exchangeable component in blood (2%, biological t,, 35 days) and a stable pool
in dentine and the skeleton (95%, biological t, 25 years).

In severe lead poisoning sodium calciumedetate is commonly used to initiate lead excretion. It chelates lead from
bone and the extracellular space, and urinary lead excretion diminishes over 5 days thereafter as the extracellular
store is exhausted. Redistribution of lead from bone to brain may account for subsequent worsening of symptoms
(colic and encephalopathy). Dimercaprol is more effective than sodium calciumedetate at chelating lead from the soft
tissues such as brain, which is the rationale for combined therapy with sodium calciumedetate.

More recently succimer (2,3-dimercaptosuccinic acid, DMSA), a water-soluble analogue of dimercaprol, has been
increasingly preferred. Succimer has a high affinity for lead, is suitable for administration by mouth and is better
tolerated (has a wider therapeutic index) than dimercaprol. It is licensed for such use in the USA but not in the UK.

Methanol is widely available as a solvent and in paints and antifreezes, and constitutes a cheap substitute for ethanol.
As little as 10 mL may cause permanent blindness and 30 mL may kill, through its toxic metabolites. Methanol, like
ethanol, is metabolised by zero-order processes that involve the hepatic alcohol and aldehyde dehydrogenases, but,
whereas ethanol forms acetaldehyde and acetic acid (partly responsible for the unpleasant effects of 'hangover'),
methanol forms formaldehyde and formic acid. Blindness may occur because aldehyde dehydrogenase present in the
retina (for the interconversion of retinol and retinene) allows the local formation of formaldehyde. Acidosis is due to the
formic acid, which itself enhances pH-dependent hepatic lactate production, adding the problems of lactic acidosis.



The clinical features include severe malaise, vomiting, abdominal pain and tachypnoea (due to the acidosis). Loss of
visual acuity and scotomata indicate ocular damage and, if the pupils are dilated and non-reactive, permanent loss of
sight is probable. Coma and circulatory collapse may follow.

Therapy is directed at:

e Correcting the acidosis. Achieving this largely determines the outcome; sodium bicarbonate is given
intravenously in doses up to 2 mol in a few hours, carrying an excess of sodium which must be managed.
Methanol is metabolised slowly and relapse may accompany too early discontinuation of bicarbonate.

o Inhibiting methanol metabolism. Ethanol, which occupies the dehydrogenase enzymes in preference to
methanol, competitively prevents metabolism of methanol to its toxic products. A single oral dose of ethanol 1
mL/kg (as a 50% solution or as the equivalent in gin or whisky) is followed by 0.25 mL/kg/h orally or
intravenously, aiming to maintain the blood ethanol at about 100 mg/100 mL until no methanol is detectable in
the blood. Fomepizole (4-methylpyrazole), another competitive inhibitor of alcohol dehydrogenase, is effective
in severe methanol poisoning and is less likely to cause cerebral depression (it is available in the UK on a
named-patient basis).

e Eliminating methanol and its metabolites by dialysis. Haemodialysis is two to three times more effective than
is peritoneal dialysis. Folinic acid 30 mg intravenously 6-hourly may protect against retinal damage by
enhancing formate metabolism.

Ethylene glycol is readily accessible as a constituent of antifreezes for car radiators. Its use to give 'body' and
sweetness to white table wines was criminal. Metabolism to glycolate and oxalate causes acidosis and renal damage,
a situation that is further complicated by lactic acidosis. In the first 12 h after ingestion the patient appears as though
intoxicated with alcohol but without the characteristic odour; subsequently there is increasing acidosis, pulmonary
oedema and cardiac failure, and in 2-3 days renal pain and tubular necrosis develop because calcium oxalate crystals
form in the urine. Intravenous sodium bicarbonate corrects the acidosis, and with calcium gluconate, the
hypocalcaemia. As with methanol (above), ethanol or fomepizole competitively inhibit the metabolism of ethylene
glycol and haemodialysis eliminates the poison.

Hydrocarbons e.g. paraffin oil (kerosene), petrol (gasoline), benzene, chiefly cause CNS depression and pulmonary
damage from inhalation. It is vital to avoid aspiration into the lungs with spontaneous vomiting.

Volatile solvent abuse or 'glue sniffing' is common among teenagers, especially males. The success of the modern
chemical industry provides easy access to these substances as adhesives, dry cleaners, air fresheners, deodorants,
aerosols and other products. Viscous products are taken from a plastic bag, liquids from a handkerchief or plastic
bottle.

The immediate euphoriant and excitatory effects give way to confusion, hallucinations and delusions as the dose is
increased. Chronic abusers, notably of toluene, develop peripheral neuropathy, cerebellar disease and dementia;
damage to the kidney, liver, heart and lungs also occurs with solvents. Over 50% of deaths from the practice follow
cardiac arrhythmia, probably caused by sensitisation of the myocardium to catecholamines and by vagal inhibition
from laryngeal stimulation due to aerosol propellants sprayed into the throat.

Acute solvent poisoning requires immediate cardiorespiratory resuscitation and antiarrhythmia treatment. Toxicity from
carbon tetrachloride and chloroform involves the generation of phosgene, a 1914-1918 war gas, which is inactivated
by cysteine and by glutathione, formed from cysteine. Recommended treatment is N-acetylcysteine, as for poisoning
with paracetamol.

POISONING BY HERBICIDES AND PESTICIDES

Organophosphorus pesticides are anticholinesterases; an account of poisoning and its management appears on
page 395. Organic carbamates are similar.

Dinitro-compounds

Dinitro-orthocresol (DNOC) and dinitrobutylphenol (DNBP) are selective weed-killers and insecticides, and cases of
poisoning occur accidentally, e.g. by ignoring safety precautions. These substances can be absorbed through the skin
and the hands, resulting in yellow staining of face or hair. Symptoms and signs indicate a very high metabolic rate
(due to uncoupling of oxidative phosphorylation); copious sweating and thirst proceed to dehydration and vomiting,
weakness, restlessness, tachycardia and deep, rapid breathing, convulsions and coma. Treatment is urgent and
consists of cooling the patient and attention to fluid and electrolyte balance. It is essential to differentiate this type of
poisoning from that due to anticholinesterases, because atropine given to patients poisoned with dinitro-compound will
stop sweating and may cause death from hyperthermia.

Phenoxy herbicides (2,4-D, mecoprop, dichlorprop) are used to control broad-leaved weeds. Ingestion causes



nausea, vomiting, pyrexia (due to uncoupling of oxidative phosphorylation), hyperventilation, hypoxia and coma. Urine
alkalinisation accelerates elimination. Organochlorine pesticides, e.g. dicophane (DDT), may cause convulsions in
acute overdose. Treat as for status epilepticus.

Rodenticides include warfarin and thallium (see Table 9.1); for strychnine, which causes convulsions, give diazepam.

Paraquat is a widely used herbicide that is extremely toxic if ingested; a mouthful of the commercial solution taken
and spat out may be sufficient to kill. A common sequence is: ulceration and sloughing of the oral and oesophageal
mucosa, renal tubular necrosis (5-10 days later), pulmonary oedema and pulmonary fibrosis. Whether the patient lives
or dies depends largely on the condition of the lung. Treatment is urgent and includes activated charcoal or aluminium
silicate (Fuller's earth) by mouth as adsorbents. Haemodialysis may have a role in the first 24 h, the rationale being to
reduce the plasma concentration and protect the kidney, failure of which allows the slow but relentless accumulation
of paraquat in the lung.

Diquat is similar to paraquat but the late pulmonary changes may not occur.

POISONING BY BIOLOGICAL SUBSTANCES

Many plants form substances that are important for their survival either by enticing animals, which disperse their
spores, or by repelling potential predators. Poisoning occurs when children eat berries or chew flowers, attracted by
their colour; adults may mistake non-edible for edible varieties of salad plants and fungi (mushrooms) for they may
resemble one another closely and some are greatly prized by epicures. Some biologicals, e.g. yellow oleander seeds,
are a common means of suicide."

The range of toxic substances that these plants produce is exhibited in a diversity of symptoms that may be grouped
broadly thus:

o Atropinic, e.g. from deadly nightshade (Atropa belladonna) and thorn apple (Datura), causing dilated pupils,
blurred vision, dry mouth, flushed skin, confusion and delirium.

e Nicotinic, e.g. from hemlock (Conium) and Laburnum, causing salivation, dilated pupils, vomiting, convulsions
and respiratory paralysis.

e  Muscarinic, e.g. from Inocybe and Clitocybe fungi (mushrooms), causing salivation, lachrymation, miosis,
perspiration, bradycardia and bronchoconstriction, also hallucinations.

e Hallucinogenic, e.g. from psilocybin-containing mushrooms (liberty cap), which may be taken specifically for
this effect ('magic mushrooms').

e Cardiovascular, e.g. from foxglove (Digitalis), mistletoe (Viscum album), lily-of-the-valley (Convallaria) and
yellow oleander (Thevetia peruviana), which contain cardiac glycosides that cause vomiting, diarrhoea and
cardiac arrhythmia.

e Hepatotoxic, e.g. from Amanita phalloides (death cap mushroom), Senecio (ragwort) and Crotalatia, and 'bush
teas' prepared from these plants in the Caribbean. Aflatoxin, from Aspergillus flavus, a fungus that
contaminates foods, is probably a cause of primary liver cancer.

e Convulsant, e.g. from water dropwort (Oenanthe) and cowbane (Cicuta), which contain the related and very
dangerous substances, oenanthotoxin and cicutoxin.

e Cutaneous irritation, e.g. directly with nettle (Urtica), or dermatitis following sensitisation with Primula.

e Gastrointestinal symptoms, nausea, vomiting, diarrhoea and abdominal pain occur with numerous plants.

Treatment of plant poisonings consists mainly of activated charcoal to adsorb toxin in the gastrointestinal tract.
Control convulsions with diazepam. In 'death cap' mushroom poisoning, penicillin may be used to displace toxin from
plasma albumin, provided haemodialysis is being used, which latter may also benefit the renal failure; intensive fluid
and supportive therapy and restitution of altered coagulation factors are also required.

BIOLOGICAL AGENTS AS WEAPONS

Many natural agents can cause life-threatening infections but their recruitment as biological weapons against
communities of people requires particular qualities of infectivity, pathogenicity, stability and ease of production. Among
the pathogens that may be considered candidates for this horrific purpose are Bacillus anthracis (the causal agent of
anthrax), Brucella (brucellosis), Clostridium botulinum (botulism), Francisella tularensis (tularaemia), Yersinia pestis
(plague), influenza and variola virus (smallpox). Drugs used for the treatment and prophylaxis of some of the bacterial
infections appear in Table 11.1 (p. 184). Special centres retain vaccines to immunise against anthrax, plague and
smallpox, and an antitoxin for botulism. Even this short account on the subject of bioterrorism is surely a sad
commentary on the times in which we live.

INCAPACITATING AGENTS
(harassing, disabling, antiriot agents)



Harassing agents may be defined as chemical substances that are capable when used in field conditions, of rapidly
causing a temporary disablement that lasts for little longer than the period of exposure.11

The pharmacological requirements for a safe and effective harassing agent must be stringent (it is hardly appropriate
to refer to benefit versus risk). As well as potency and rapid onset and offset of effect in open areas under any
atmospheric condition, it must be safe in confined spaces where concentration may be very high and may affect an
innocent, bedridden invalid should a projectile enter a window.

CS (chlorobenzylidene malononitrile, a tear 'gas') is a favoured substance at present. This is a solid that is
disseminated as an aerosol (particles of 1 micron in diameter) by including it in a pyrotechnic mixture. Television
renders familiar the spectacle of its dissemination. It is an aerosol or smoke, not a gas. The particles aggregate and
settle to the ground in minutes, so that the risk of prolonged exposure out of doors is not great.

According to the concentration of CS to which a person is exposed, the effects vary from a slight pricking or peppery
sensation in the eyes and nasal passages up to the maximal symptoms of streaming from the eyes and nose, spasm
of the eyelids, profuse lachrymation and salivation, retching and sometimes vomiting, burning of the mouth and throat,
cough and gripping pain in the chest."

The onset of symptoms occurs immediately on exposure (an important factor from the point of view of the user) and
they disappear dramatically:

At one moment the exposed person is in their grip. Then he either stumbles away, or the smoke plume veers or the
discharge from the grenade stops, and, immediately, the symptoms begin to roll away. Within a minute or two, the
pain in the chest has gone and his eyes, although still streaming, are open. Five or so minutes later, the excessive
salivation and pouring tears stop and a quarter of an hour after exposure, the subject is essentially back to normal."’

Exposed subjects absorb small amounts only, and the plasma t., is about 5 s.

Investigations of the effects of CS are difficult in field use', but some have been done and at present there is no
evidence that even the most persistent rioter will suffer any permanent effect. The hazard to the infirm or sick seems
to be low, but, plainly, it would be prudent to assume that patients with asthma or chronic bronchitis could suffer an
exacerbation from high concentrations, although bronchospasm does not occur in healthy people. Vomiting seems to
be due to swallowing contaminated saliva. Transient looseness of the bowels may follow exposure. Hazard from CS is
probably confined to situations where the missiles enter enclosed spaces.

CN (chloroacetophenone, a tear gas) is generally used as a solid aerosol or smoke; solutions (Mace) are used at
close quarters.

CR (dibenzoxazepine) entered production in 1973 after testing on army volunteers. In addition to the usual properties
(above) it may induce a transient rise in intraocular pressure. Its solubility allows use in water 'cannons'.

'Authority' is reticent about the properties of all these substances and no further important information is readily
available.

This brief account has been included, because, in addition to helping victims, even the most well conducted and
tractable students and doctors may find themselves exposed to CS smoke in our troubled world, and some may even
feel it their duty to incur exposure. The following points are worth making:

o Wear disposable plastic gloves, for the object of treating the sufferer is frustrated if the physician becomes
affected.

o Contaminated clothing should be placed in plastic bags and skin washed with soap and water. Showering or
bathing may cause symptoms to return by releasing the agent from contaminated hair. Cutaneous erythema is
usual and blistering may occur with high concentrations of CS and CN in warm, moist conditions.

e The eyes will irrigate themselves. Dry air blown directly on the eye with an electric fan, if available, helps
dissolved CS gas to vaporise. Raised intraocular pressure may cause acute glaucoma in those aged over 40
years.

DRUGS USED FOR TORTURE, INTERROGATION AND JUDICIAL EXECUTION

Regrettably, drugs have been and are used for torture, sometimes disguised as 'interrogation’ or 'aversion therapy'.
Facts are, not surprisingly, hard to obtain, but it seems that suxamethonium, hallucinogens, thiopental, neuroleptics,
amfetamines, apomorphine and cyclophosphamide have been engaged to hurt, frighten, confuse or debilitate in such
ways as callous ingenuity can devise. When the definition of criminal activity becomes distorted to include activities in
defence of human liberty, the employment of drugs offers inducement to inhuman behaviour. Such use, and any
doctors or others who engage in it, or who misguidedly allow themselves to believe that it can be in the interest of
victims to monitor the activity by others, must surely be outlawed.



It might be urged that it is justifiable to use drugs to protect society by uncovering serious crimes such as murder.
There is no such thing as a 'truth drug' in the sense that it guarantees the truth of what the subject says. There always
must be uncertainty of the truth of evidence obtained with drugs, e.g. thiopental, without independent confirmation. But
accused people, convinced of their own innocence, sometimes volunteer to undergo such tests. The problem of
discerning truth from falsehood remains.

In some countries drugs are used for judicial execution, e.g. combinations of thiopental, pancuronium and potassium
chloride, given intravenously and sequentially. There is concern that the degree of anaesthesia achieved is
inadequate. In 43 of 49 executed prisoners in the USA, blood concentrations of thiopental were lower than are
required for surgery, and 21 had concentrations consistent with awareness. Constraints of ethics prohibit many
doctors from participating in the design of the protocol or the execution itself."
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10 Drug abuse

SYNOPSIS

Drugs used for non-medical purposes (abused, misused, used for recreational purposes)
present a range of social problems, all of which have important pharmacological dimensions.
General topics include:

Social aspects

Terms used

Rewards for the individual

Drug dependence and its management
Drugs and sport

Individual substances are discussed:

Opioids (see pp. 297-306)

Ethyl alcohol and other cerebral depressants (benzodiazepines, GHB)
Tobacco

Psychodysleptics (LSD, mescaline, tenamfetamine, phencyclidine, cannabis)
Psychostimulants (cocaine, amfetamines, methylxanthines, ginseng, khat)
Volatile substances

Drugs as adjuvants to crime

SOCIAL ASPECTS

The enormous social importance of this subject warrants comment here.

All the naturally occurring sedatives, narcotics, euphoriants, hallucinogens and excitants were discovered thousands
of years ago, before the dawn of civilisation ... By the late Stone Age man was systematically poisoning himself. The
presence of poppy heads in the kitchen middens of the Swiss Lake Dwellers shows how early in his history man
discoversd the techniques of self-transcendence through drugs. There were dope addicts long before there were
farmers.

The drives that induce a more or less mentally healthy person to resort to drugs to obtain chemical vacations from
intolerable self-hood will be briefly considered here, as well as some account of the pharmacological aspects of drug
dependence.

The dividing line between legitimate use of drugs for social purposes and their abuse is indistinct, for it is not only a
matter of which drug, but of the amount of drug and of whether the effect is antisocial or not. In the UK and elsewhere,
the classification of drugs of abuse continues to be subject to con’(roversy.2

'Normal' people seem to be able to use alcohol for their occasional purposes without harm but, given the appropriate
personality and/or environmental adversity, many may turn to it for relief and become dependent on it, both
psychologically and physically. But drug abuse is not primarily a pharmacological problem; it is a social problem with
important pharmacological aspects.

A further issue is whether a boundary can be drawn between the therapeutic and non-therapeutic use of a therapeutic
drug and, some would argue, if it can be drawn, should it be? The matter has been highlighted by the use of selective
serotonin-reuptake inhibitor antidepressants, e.g. fluoxetine (Prozac), not to treat depression but to elevate mood -
make a person feel 'better than well' - and of sildenafil to heighten sexual experience rather than to correct erectile
dysfunction.

Abuse of drugs to improve performance in sport stems from a distinct and different motivation, the obtaining of
advantage in competition, but the practice yet has major implications for the health of the individual and for the
participating and spectating sporting community.

SOME TERMS USED

Drug abuse is defined as 'persistent or sporadic excessive drug use inconsistent with or unrelated to acceptable
medical practice. Thus, the intentional use of excessive doses, or the intentional use of therapeutic doses for
purposes other than the indication for which the drug was prescribed, is drug abuse. Misuse and non-medical use are
synonyms of drug abuse.” (There is here a clear conceptual distinction from inappropriate prescribing or medication
errors, which constitute drug maladministration.) This definition recognises the need to continue treatment with a
dependence-producing drug even after the patient has become dependent on it, e.g. opioids in palliative care. Such



drug dependence is unwanted but it is not drug abuse.

Individuals abuse drugs either from their own 'free' choice or under feelings of compulsion, to achieve their own well-
being, or what they conceive as their own well-being (see motives below). Abused drugs are often divided into two
groups, hard and soft.

Hard drugs are those that are liable seriously to disable the individual as a functioning member of society by inducing
severe psychological and, in the case of cerebral depressants, physical, dependence. The group includes heroin and
cocaine.

Soft drugs are less dependence producing. There may be psychological dependence, but there is little or no physical
dependence except with heavy doses of depressants (alcohol). The group includes sedatives and tranquillisers,
amfetamines, cannabis, hallucinogens, alcohol, tobacco and caffeine.

This classification fails to recognise individual variation in drug use. Alcohol can be used in heavy doses that are
gravely disabling and induce severe physical dependence with convulsions on sudden withdrawal; i.e. for the
individual the drug is 'hard'. But there are many people mildly psychologically dependent on it who retain their position
in home and society.

Hard-use, where the drug is central in the user's life, and soft-use, where it is merely incidental, are terms of
assistance in making this distinction, i.e. what is classified is not the drug but the effect it has on, or the way it is used
by, the individual. The term 'recreational is often applied to such use, conferring an apparent sanction that relates
more to the latter category.

Abuse liability of a drug is related to its capacity to produce immediate gratification, which may be a feature of the
drug itself (amfetamine and heroin give rapid effect whereas tricyclic antidepressants do not) and its route of
administration in descending order: inhalation/intravenous, intramuscular/subcutaneous, oral. Abuse liability is the
central issue and is usefully distinguished from dependence liability, for not all dependence-producing drugs are
abused: caffeine, for example, is dependence producing but seldom abused.

Drug dependence (see p. 144) now replaces terms such as drug addiction and drug habituation. Nevertheless, the
terms 'addict’ or 'addiction' have not been completely abandoned in this book because they remain convenient.
Addiction refers to the most severe forms of dependence where compulsive craving dominates the subject's daily life.
Such cases pose problems as grave as dependence on tea drinking is trivial. But the use of the term drug
dependence is welcome, because it renders irrelevant arguments about whether some drugs are addictive or merely
habit forming.

Drug abuse use has two principal forms:

e Continuous use, when there is a true dependence, e.g. opioids, alcohol, benzodiazepines.
e Intermittent or occasional use to obtain a recreational experience, e.g. 'ecstasy' (tenamfetamine), LSD,
cocaine, cannabis, solvents, or to relieve stress, e.g. alcohol.

Some drugs, e.g. alcohol, are used in both ways, but others, e.g. 'ecstasy’, LSD, cannabis, are virtually confined to the
second use.

Drives to drug abuse are:

o Relief of anxiety, tension and depression; escape from personal psychological problems; detachment from
harsh reality; ease of social intercourse.

e Search for self-knowledge and for meaning in life, including religion. The cult of 'experience’ including
aestheticism and artistic creation, sex and 'genuine’, 'sincere' interpersonal relationships, to obtain a sense of
'belonging'.

e Rebellion against or despair about orthodox social values and the environment. Fear of missing something,
and conformity with own social subgroup (the young, especially).

e Fun, amusement, recreation, excitement, curiosity (the young, especially).

Improvement of performance in competitive sport (a distinct motivation, see below).

REWARDS FOR THE INDIVIDUAL

It is inherently unlikely that mind-affecting chemicals could be central to a constructive culture, and no convincing

support for the assertion has yet been produced. (That chemicals might be central to a destructive culture is another
matter.) Certainly, like-minded people practising what are often illegal activities will gather into closely knit subgroups
for mutual support, and will feel a sense of community, but that is hardly a 'culture’. Even when drug-using subgroups



are accepted as representing a subculture, it may be doubted whether drugs are sufficiently central to their ideology to
justify using 'drug’ in the title. But claims for value to the individual and to society of drug experience must surely be
tested by the criterion of fruitfulness for both, and the judgement of the individual concerned alone is insufficient; it
must be agreed by others. The results of both legal and illegal drug use do not give encouragement to press for a
large-scale experiment in this field.

It is claimed that drugs provide mystical experience and that this has valid religious content. Mystical experience may
be defined as a combination of feelings of unity (oneness with nature and/or God), ineffability (experience beyond the
subject's power to express), joy (peace, sacredness), knowledge (insight into truths of life and values, illuminations)
and transcendence (of space and time).

... | seemed at first in a state of utter blankness ... with a keen vision of what was going on in the room around me, but
no sensation of touch. | thought that | was near death; when, suddenly, my soul became aware of God, who was
manifestly dealing with me, handling me, so to speak, in an intense personal, present reality ... | cannot describe the
ecstasy | felt.*

When such states do occur there remains the question of whether they tell us something about a reality outside the
individual or merely something about the mind of the person having the experience. Mystical experience is not a
normal dose-related pharmacodynamic effect of any drug; its occurrence depends on many factors such as the
subject's personality, mood, environment, conditioning. The drug facilitates rather than induces the experience, and
drugs can facilitate unpleasant as well as pleasant experiences. It is not surprising that mystical experience can occur
with a wide range of drugs that alter consciousness: This experience occurred in the 19th century with chloroform, a
general anaesthetic now obsolete because of cardiac depression and hepatotoxicity.

There is no good evidence that drugs can produce experience that passes the test of results, i.e. fruitfulness to the
individual and to society. Plainly there is a risk of the experience becoming an end in itself rather than a means of
development.

GENERAL PATTERN OF USE
Divisions are not rigid and they change with fashion. The general picture in the UK is:

e Any age: alcohol, tobacco, mild dependence on hypnotics and tranquillisers, occasional use of LSD and
cannabis.

e Age 16-35 years: hard-use drugs, chiefly heroin, cocaine and amfetamines (including 'ecstasy'). Surviving
users tend to reduce or relinquish heavy use as they enter middle age.

e Aged 14-16: cannabis, ecstasy, cocaine.

e Under 14 years: volatile inhalants, e.g. solvents of glues, aerosol sprays, vaporised (by heat) paints, 'solvent
or substance' abuse, 'glue sniffing'.

e Miscellaneous: any drug or combination of drugs reputed to alter consciousness may have a local vogue,
however brief, e.g. drugs used in parkinsonism and metered aerosols for asthma. Ketamine (see p. 319) is
increasingly popular.

DEPENDENCE

Drug dependence is a state arising from repeated administration of a drug that results in harm to the individual and
sometimes to society. The features common to experience with such drugs are: an initial pleasurable or euphoric
sensation ('kick'), tolerance with repeated use so that the subject feels a desire, need or compulsion to continue using
the drug and feels ill if abruptly deprived of it (abstinence or withdrawal syndrome). Subsequently there is difficulty in
controlling use of the drug which leads to impairment of important social activities.

Dependence may be regarded as possessing both physical (physiological) and psychological elements. The
distinction is criticised as being difficult to make in practice and inconsistent with the modern view that all drug effects
are potentially understandable in biological terms, but it has sufficient usefulness to be retained here.

PSYCHOLOGICAL DEPENDENCE

This is the first to appear and there is emotional distress if the drug is withdrawn. It may occur with any drug that alters
consciousness, however bizarre, e.g. muscarine (see p. 394), and with some that, in ordinary doses, do not, e.g. non-
narcotic analgesics, purgatives, diuretics; these latter provide problems of psychopathology rather than of
psychopharmacology.

Psychological dependence can occur merely to a tablet or injection, regardless of its content, as well as to drug
substances. Mild dependence does not require that a drug should have important psychic effects; the subject's beliefs
as to what it does are as important, e.g. purgative and diuretic dependence in people obsessed with dread of obesity.
We are all physically dependent on food, and some develop a strong emotional dependence and eat too much (or the
reverse); sexual activity, with its unique mix of arousal and relaxation, can for some become compulsive or addictive.



There is danger in personal experimentation; as an American addict has succinctly put it, 'They all think they can take
just one joy-pop but it's the first one that hooks you'.5 Unfortunately, subjects cannot decide for themselves that their
dependence will remain mild.

PHYSICAL (PHYSIOLOGICAL) DEPENDENCE

Physical (physiological) dependence implies that continued exposure to a drug induces adaptive changes in body
tissues so that folerance occurs, and that abrupt withdrawal of the drug leaves these changes unopposed, resulting
generally in a discontinuation (withdrawal) syndrome, usually of rebound over-activity.

Tolerance follows the operation of homeostatic adaptation, e.g. to continued high occupancy of opioid receptors.
Changes of similar type may occur with y-aminobutyric acid (GABA) transmission, involving benzodiazepines. It also
results from metabolic changes (enzyme induction) and physiological or behavioural adaptation to drug effects, e.g.
opioids. Physiological adaptation develops to a substantial degree with cerebral depressants, but is minor or absent
with excitant drugs. There is commonly cross-tolerance between drugs of similar, and sometimes even of dissimilar,
chemical groups, e.g. alcohol and benzodiazepines. A general account of tolerance appears on page 80.

A discontinuation (withdrawal) syndrome occurs, for example, when administration of an opioid is suddenly stopped.
Morphine-like substances (endomorphins, dynorphins) act as CNS neurotransmitters, and exogenously administered
opioid suppresses their endogenous production by a feedback mechanism. Abrupt discontinuation results in an
immediate deficiency of endogenous opioid, which thus causes the withdrawal syndrome. A general discussion of
abrupt withdrawal of drug therapy appears on page 104.

SITES AND MECHANISMS OF ACTION

Drugs of abuse are extremely diverse in their chemical structures, mechanisms of action and anatomical and cellular
targets. Nevertheless, there is an emerging consensus that addictive drugs possess a parallel ability to affect
glutaminergic and dopaminergic transmission in the ventral striatum of the basal forebrain and in the extended
nucleus amygdala. It seems that drugs of abuse can converge on common neural mechanisms in these areas to
produce acute reward and chronic alterations in reward systems that lead to addiction.

ROUTE OF ADMINISTRATION AND EFFECT

With the intravenous route or inhalation, much higher peak plasma concentrations can be reached than with oral
administration. This accounts for the 'kick' or 'flash' that abusers report and which many seek, likening it to sexual
orgasm or better. As an addict said, 'The ultimate high is death’, and it has been reported that, when hearing of
someone dying from an overdose, some addicts will seek out the vendor as it is evident he is selling 'really good
stuff'.® Addicts who rely on illegal sources are inevitably exposed to being supplied diluted or even inert preparations
at high prices. North American addicts who have come to the UK believing themselves to be accustomed to high
doses of heroin have suffered acute poisoning when given, probably for the first time, pure heroin at an official UK
drug dependence clinic.

PRESCRIBING FOR DRUG DEPENDENCE

In the UK, supply of certain drugs for the purpose of sustaining addiction or managing withdrawal is permitted under
strict legal limitations, usually by designated doctors. Guidance about the responsibilities and management of
addiction is available.” By such procedures it is hoped to limit the expansion of the illicit market, and its accompanying
crime and dangers to health, e.g. from infected needles and syringes. The object is to sustain young (usually) addicts,
who cannot be weaned from drug use, in reasonable health until they relinquish their dependence (often over about
10 years).

When injectable drugs are prescribed there is currently no way of assessing the truth of an addict's statement that he
or she needs x mg of heroin (or other drug), and the dose has to be assessed intuitively by the doctor. This has
resulted in addicts obtaining more than they need and selling it, sometimes to initiate new users. The use of oral
methadone or other opioid for maintenance by prescription is devised to mitigate this problem.

TREATMENT OF DEPENDENCE
Withdrawal of the drug

Whilst obviously important, this is only a step on what can be a long and often disappointing journey to psychological
and social rehabilitation, e.g. in 'therapeutic communities'. A heroin addict may be given methadone as part of a
gradual withdrawal programme (see p. 302) for this drug has a long duration of action and blocks access of injected
opioid to the opioid receptor so that if, in a moment of weakness, the subject takes heroin, the 'kick' is reduced. More
acutely, the physical features associated with discontinuing high alcohol use may be alleviated by chlordiazepoxide
given in decreasing doses for 7-14 days. Sympathetic autonomic overactivity can be treated with a B-adrenoceptor
blocker.

Maintenance and relapse



Relapsed addicts who live a fairly normal life are sometimes best treated by supplying drugs under supervision. There
is no legal objection to doing this in the UK (see above), but naturally this course, which abandons unrealistic hope of
cure, should not be adopted until it is certain that cure is virtually impossible. A less harmful drug by a less harmful
route may be substituted, e.g. oral methadone for intravenous heroin. Addicts are often particularly reluctant to
abandon the intravenous route, which provides the 'immediate high' that they find, or originally found, so desirable.

Severe pain in an opioid addict presents a special problem. High-efficacy opioid may be ineffective (tolerance) or
overdose may result; low-efficacy opioids will not only be ineffective but may induce withdrawal symptoms, especially
if they have some antagonist effect, e.g. pentazocine. This leaves as drugs of choice non-steroidal anti-inflammatory
drugs (NSAIDs), e.g. indometacin, and nefopam (which is neither opioid nor a NSAID).

MORTALITY

Young illicit users by intravenous injection (heroin, benzodiazepines, amfetamine) have a high mortality rate. Death
either follows overdose, or the occurrence of septicaemia, endocarditis, hepatitis, AIDS, gas gangrene, tetanus or
pulmonary embolism from the contaminated materials used without aseptic precautions (schemes to provide clean
equipment mitigate this). Smugglers of illicit cocaine or heroin sometimes carry the drug in plastic bags concealed by
swallowing or in the rectum (‘body packing'). Leakage of the packages, not surprisingly, may have a fatal result.?

ESCALATION

A variable proportion of subjects who start with cannabis eventually take heroin. This disposition to progress from
occasional to frequent soft use of drugs through to hard drug use, when it occurs, is less likely to be due to
pharmacological actions, than to psychosocial factors, although increased suggestibility induced by cannabis may
contribute.

De-escalation also occurs as users become disillusioned with drugs over about 10 years.

'DESIGNER DRUGS'

This unhappily chosen term means molecular modifications produced in secret for profit by skilled and criminally
minded chemists. Manipulation of fentanyl has resulted in compounds of extraordinary potency.

In 1976 a too-clever 23-year-old addict seeking to manufacture his own pethidine took a synthetic shortcut and
injected himself with what later, with his help, proved to be two closely related byproducts; one was MPTP
(methylphenyltetrahydropyridine).g,10 Three days later he developed a severe parkinsonian syndrome that responded
to levodopa. MPTP selectively destroys melanin-containing cells in the substantia nigra. Further such cases have
occurred from use of supposed synthetic heroin. MPTP has since been used in experimental research on
parkinsonism. What the future holds for individuals and for society in this area can only be imagined.

DRUGS AND SPORT

The rewards of competitive sport, both financial and in personal and national prestige, are the cause of determination
to win at (almost) any cost. Drugs are used to enhance performance, although efficacy is largely undocumented.
Detection can be difficult when the drugs or metabolites are closely related to or identical with endogenous
substances, and when the drug can be stopped well before the event without apparent loss of efficacy, e.g. anabolic
steroids (but suppression of endogenous trophic hormones can be measured, and can assist).

PERFORMANCE ENHANCEMENT

There follow illustrations of the mechanisms by which drugs can enhance performance in various sports; naturally,
these are proscribed by the authorities (International Olympic Committee [IOC] Medical Commission, and the
governing bodies of individual sports).

For 'strength sports' in which body-weight and brute strength are the principal determinants (weight lifting, rowing,
wrestling): anabolic agents, e.g. clenbuterol (B-adrenoceptor agonist), androstenedione, methandienone, nandrolone,
stanozolol, testosterone. Taken together with a high-protein diet and exercise, these increase lean body-weight
(muscle) but not necessarily strength. It is claimed they allow more intensive training regimens (limiting cell injury in
muscles). Rarely, there may be episodes of violent behaviour, known amongst athletes as 'roid [steroid] rage'.

High doses are used, with risk of liver damage (cholestatic, tumours) especially if the drug is taken long term, which is
certainly insufficient to deter 'sportsmen'. They may be more inclined to take more seriously the fact that anabolic
steroids suppress pituitary gonadotrophin, and so testosterone production.

Growth hormone (somatrem, somatropin) and corticotropin use may be combined with that of anabolic steroids.
Chorionic gonadotrophin may be taken to stimulate testosterone production (and prevent testicular atrophy). Similarly,
tamoxifen (anti-oestrogen) may be used to attenuate some of the effects of anabolic steroids.



For events in which output of energy is explosive (100-m sprint): stimulants, e.g. amfetamine, bromantan, carphendon,
cocaine, ephedrine and caffeine (>12 mg/L in urine). Death has occurred in bicycle racing (continuous hard exercise
with short periods of sprint), probably due to hyperthermia and cardiac arrhythmia in metabolically stimulated and
vasoconstricted subjects exercising maximally under a hot sun.

For endurance sports to enhance the oxygen-carrying capacity of the blood (bicycling, marathon running):
erythropoietin, also ‘blood doping’ (the athlete has blood withdrawn and stored, then transfused once the deficit had
been made up naturally, so raising the plasma haemoglobin level above normal).

For events in which steadiness of hand is essential (pistol, rifle shooting): B-adrenoceptor blockers. Tremor is reduced
by the B,-adrenoceptor blocking effect, as are somatic symptoms of anxiety.

For events in which body pliancy is a major factor (gymnastics): delaying puberty in child gymnasts by endocrine
techniques.

For weight reduction, e.g. boxers, jockeys: diuretics. These are also used to flush out other drugs in the hope of
escaping detection; severe volume depletion can cause venous thrombosis and pulmonary embolism.

Generally, owing to recognition of natural biological differences, most competitive events are sex segregated. In many
events men have a natural physical biological advantage and the (inevitable) consequence has been that women
have been deliberately virilised (by administration of androgens) so that they may outperform their sisters.

It seems safe to assume that anything that can be thought up to gain advantage will be tried by competitors eager for
immediate fame. Reliable data are difficult to obtain in these areas. No doubt placebo effects are important, i.e. beliefs
as to what has been taken and what effects ought to follow.

The dividing line between what is and what is not acceptable practice is hard to draw. Caffeine can improve physical
performance and illustrates the difficulty of deciding what is 'permissible' or 'impermissible’. A cup of coffee is part of a
normal diet, but some consider taking the same amount of caffeine in a tablet, injection or suppository to be 'doping'.
The fact that success and failure can be separated by mere factions of a second only compounds the problem.

For any minor injuries sustained during athletic training, NSAIDs and corticosteroids (topical, intra-articular) suppress
symptoms and allow the training to proceed maximally. Their use is allowed subject to restrictions about route of
administration, but strong opioids are disallowed. Similarly, the IOC Medical Code defines acceptable and
unacceptable treatments for relief of cough, hay fever, diarrhoea, vomiting, pain and asthma. Doctors should
remember that they may get their athlete patients into trouble with sports authorities by inadvertent prescribing of
banned substances. The British National Formulary provides general advice for UK prescriber. Further information
and advice, including the status of specific drugs in sport, can be obtained at http://www.uksport.gov.uk.

Some of the issues seem to be ethical rather than medical, as witnessed by the reported competition success of a
swimmer who, it is alleged, had been persuaded under hypnosis into the belief that he was being pursued by a shark,
or the instructors at a swimming club in Darwin, Australia, who made their students swim faster by having a (muzzled)
crocodile chase them during speed trials."

TYPES OF DRUG DEPENDENCE

The World Health Organization recommends that drug dependence be specified by type for purposes of detailed
discussion. The subject can be treated according to the following principal types:

Opioids (see pp. 304-306).

Alcohol and other cerebral depressants (benzodiazepines, GHB).

Tobacco.

Psychodysleptics (LSD, mescaline, tenamfetamine, phencyclidine, cannabis).
Psychostimulants (cocaine, amfetamines, methylxanthines, khat).

Volatile substances.

ETHYL ALCOHOL (ETHANOL)

According to legend, Jamsheed, King of Persia in about 5000 bc kept grapes in containers for use throughout the
year. Inevitably, some fermented and he concluded that the liquid was poisonous; the containers were appropriately
labelled. A member of his harem suffered from severe headaches and drank the liquid, preferring death to the
constant pain. She fell asleep and awoke with her headache relieved, whereupon Jamsheed ordered that (the wine)
be made regularly available to him. Legend aside, the history of alcohol is part of the history of civilisation 'ever since
Noah made his epoch-making discovery'.12


http://www.uksport.gov.uk/

Alcohol is important in medicine chiefly because of the consequences of its misuse/abuse. Its misuse is a social
problem with pharmacological aspects, which latter are discussed here.

PHARMACOKINETICS

Gastrointestinal absorption of alcohol taken orally is rapid, for it is highly lipid soluble and diffusible. Solutions above
20% are absorbed more slowly because high concentrations of alcohol inhibit gastric peristalsis, thus delaying the
arrival of the alcohol in the small intestine which is the major site of absorption.

Absorption is delayed by food, especially milk, the effect of which is probably due to the fat it contains. Carbohydrate
also delays absorption of alcohol.

Distribution of alcohol is rapid and throughout the body water (dist. vol. 0.7 L/kg men; 0.6 L/kg women); it is not
selectively stored in any tissue.

Maximum blood concentrations after oral alcohol therefore depend on numerous factors including the total dose, sex,
the strength of the solution, the time over which it is taken, the presence or absence of food, the time relations of
taking food and alcohol, and the kind of food eaten, as well as on the speed of metabolism and excretion. Alcoholic
drinks taken on an empty stomach will probably produce maximal blood concentration at 30-90 min and will not all be
disposed of for 6-8 h or even more (Fig. 10.1). There are very great individual variations.

Metabolism

About 95% of absorbed alcohol is metabolised, the remainder being excreted in the breath, urine and sweat;
convenient methods of estimation of alcohol in all these are available.
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Figure 10.1 Approximate blood concentrations after three doses of alcohol.



Alcohol in the systemic circulation is oxidised in the liver, principally (90%) by alcohol dehydrogenase to acetaldehyde
and then by aldehyde dehydrogenase to products that enter the citric acid cycle or are utilised in various anabolic
reactions. Other alcohol-metabolising enzymes are microsomal cytochrome P4502E1 (which alcohol also induces)
and catalase.

Alcohol metabolism by alcohol dehydrogenase follows first-order kinetics after the smallest doses. Once the blood
concentration exceeds about 10 mg/100 mL the enzymatic processes are saturated and elimination rate no longer
increases with increasing concentration but becomes steady at 10-15 mL/h in occasional drinkers. Thus alcohol is
subject to dose-dependent kinetics, i.e. saturation or zero-order kinetics, with potentially major consequences for the
individual.

Induction of hepatic drug-metabolising enzymes occurs with repeated exposure to alcohol and this contributes to
tolerance in habitual users, and to toxicity. Increased formation of metabolites causes organ damage in chronic over-
consumption (acetaldehyde in the liver and probably fatty ethyl esters in other organs) and increases susceptibility to
liver injury when heavy drinkers are exposed to anaesthetics, industrial solvents and drugs. But chronic use of large
amounts reduces hepatic metabolic capacity by causing cellular damage. An acute substantial dose of alcohol (binge
drinking) inhibits hepatic drug metabolism.

Inter-ethnic variation is recognised in the ability to metabolise alcohol (see p. 152).

The blood concentration of alcohol (see Fig. 10.1) has great medicolegal importance. Alcohol in alveolar air is in
equilibrium with that in pulmonary capillary blood, and reliable, easilg handled, measurement devices (breathalyser)
are used by police at the roadside on both drivers and pedestrians.1

PHARMACODYNAMICS

Alcohol exerts on cells in the CNS a generally depressant effect that is probably mediated through particular
membrane ion channels and receptors. It seems likely that acetaldehyde acts synergistically with alcohol to determine
the range of neurochemical and behavioural effects of alcohol consumption. Alcohol enhances (inhibitory) GABA -
stimulated flux of chloride through receptor-gated membrane ion channels, a receptor subtype effect that may be
involved in the motor impairment caused by alcohol (see pp. 151, 152). Other possible modes of action include
inhibition of the (excitatory) N-methyl-D-aspartate (NMDA) receptor and inhibition of calcium entry via voltage-gated (L
type) calcium channels.

Alcohol is not a stimulant; hyperactivity, when it occurs, is due to removal of inhibitory effects. Alcohol in ordinary
doses may act chiefly on the arousal mechanisms of the brainstem reticular formation, inhibiting polysynaptic function
and enhancing presynaptic inhibition. Direct cortical depression probably occurs only with large amounts. With
increasing doses the subject passes through all the stages of general anaesthesia and may die from respiratory
depression. Loss of consciousness occurs at blood concentrations around 300 mg/100 mL; death at about 400
mg/100 mL. But the usual cause of death in acute alcohol poisoning is inhalation of vomit.

Psychic effects are the most important socially, and it is to obtain these that the drug is habitually used in so many
societies, to make social intercourse not merely easy but even pleasant. They were admirably described by Sollmann
half a century ago:

The first functions to be lost are the finer grades of judgement, reflection, observation and attention - the faculties
largely acquired through education, which constitute the elements of the restraint and prudence that man usually
imposes on his actions. The orator allows himself to be carried by the impulse of the moment, without reflecting on
ultimate consequences, and as his expressions become freer, they acquire an appearance of warmth, of feeling, of
inspiration. Not a little of this inspiration is contributed by the audience if they are in a similar condition of increased
appreciation ... Another characteristic feature, evidently resulting from paralysis of the higher functions, is the loss of
power to control moods."*

Environment, personality, mood and dose of alcohol are all relevant to the final effect on the individual. These and
other effects that are characteristic of alcohol, have been celebrated in the following couplets:™

You may drunk | am think, but I tell you I'm not, I'm as sound as a fiddle and fit as a bell, And stable quite ill to see
what's what ... And I've swallowed, | grant, a beer of lot - But I'm not so think as you drunk | am ... | shall stralk quite
weight and not yutter an ell, My feech will not spalter the least little jot: If you knownly had own! - well, | gave him a
dot, And | said to him, 'Sergeant, I'll come like a lamb - The floor it seems like a storm in a yacht, But I'm not so think
as you drunk | am. I'm sorry, | just chair over a fell - A trifle - this chap, on a very day hot - If | hadn't consumed that
last whisky of tot! As | said now, this fellow, called Abraham - Ah? One more? Since it's you! just a do me will spot -
But I'm not so think as you drunk | am.

Innumerable tests of physical and mental performance have been used to demonstrate the effects of alcohol. Results
show that alcohol reduces visual acuity and delays recovery from visual dazzle; it impairs taste, smell and hearing,
muscular coordination and steadiness, and prolongs reaction time. It also causes nystagmus and vertigo. At the same



time, subjects commonly have an increased confidence in their ability to perform well when tested and underestimate
their errors, even after quite low doses. There is a decline in attentiveness and ability to assimilate, sort and take quick
decisions on continuously changing information input. This results particularly in inattentiveness to the periphery of the
visual field, which is important in motoring. All of these are evidently highly undesirable effects when a person is in a
position where failure to perform well may be dangerous.

OTHER EFFECTS OF ALCOHOL CONSUMPTION
Vomiting

This common accompaniment of acute alcoholism seems to be partly a central effect, for the incidence of vomiting at
equivalent blood alcohol concentrations is similar following oral or intravenous administration. This is not to deny that
very strong solutions and dietary indiscretions accompanying acute and chronic alcoholism can cause vomiting by
local gastric effects. When death occurs, it is commonly due to suffocation from inhaled vomit.

Diuretic effect

Alcohol acts by inhibiting secretion of antidiuretic hormone by the posterior pituitary gland. The reason it is useless as
a diuretic in heart failure is that the diuresis is of water, not of salt.
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Figure 10.2 Four standard units of drink (in which social consumption is measured). A unit contains approximately 10 mL (8 g)
alcohol. Knowledge of blood alcohol concentration does not allow a reliable estimate of how much has been consumed.

Gastric mucosa

Injury occurs because alcohol allows back diffusion of acid from the gastric lumen into the mucosa. After an acute
binge the mucosa shows erosions and also petechial haemorrhages (recovery may take 3 weeks) and up to 60% of
chronic alcoholics have chronic gastritis.

Glucose tolerance

Alcohol initially increases the blood glucose level, due to reduced uptake by the tissues. This leads to increased
glucose metabolism. But alcohol also inhibits gluconeogenesis and a person whose hepatic glycogen is already low,
e.g. a person who is getting most of their calories from alcohol or who has not eaten adequately for 3 days, can
experience hypoglycaemia that can be severe enough to cause irreversible brain damage. Hypoglycaemia can be
difficult to recognise clinically in a person who has been drunk, and this adds to the risk.

Hyperuricaemia occurs (with precipitation of gout) due to accelerated degradation of adenine nucleotides resulting in
increased production of uric acid and its precursors. Only at high alcohol concentrations does alcohol-induced high
blood lactate compete for renal tubular elimination and so diminish excretion of urate.



Effects on sexual function

Nothing really new has been said since William Shakespeare wrote that alcohol 'provokes the desire, but it takes away
the performance'. Performance in other forms of athletics is also impaired. Prolonged substantial consumption lowers
plasma testosterone concentration at least partly as a result of hepatic enzyme induction; feminisation may be seen
and men have been threatened with genital shrinkage.

Source of energy

Alcohol may be useful as an energy source (rather than a food) in debilitated patients. It is rapidly absorbed from the
alimentary tract without requiring digestion and it supplies 7 calories per gram, compared with 9 from fat and 4 from
carbohydrate and protein. Heavy doses cause hyperlipidaemia in some people (see p. 152).

Tolerance to alcohol can be acquired and the point has been made that it costs the regular heavy drinker 2.5 times as
much to get visibly drunk as it would cost the average abstainer. This is probably due both to enzyme induction and to
adaptation of the CNS.

Intolerance

Inter-ethnic variation in tolerance to alcohol is well recognised, for Asian persons, particularly Japanese, develop
flushing, headache and nausea after what are, by caucasian standards, small amounts of the substance. Slow
metabolism of (toxic) acetaldehyde by variant forms of alcohol dehydrogenase may explain these features. (see p.
149).

Acute alcohol poisoning is a sufficiently familiar condition not to require detailed description. It is notorious that the
characteristic behaviour changes, excitement, mental confusion (including 'blackouts'), incoordination and even coma,
can be due to numerous other conditions and diagnosis can be difficult if a sick or injured patient happens to have
taken alcohol as well. Alcohol can cause severe hypoglycaemia (see above). Measurement of blood alcohol may
clarify the situation.

If sedation is essential, diazepam in low dose is least hazardous. Alcohol dialyses well, but dialysis is used only in
extreme cases.

Acute hepatitis, which may be extremely severe, can occur with extraordinarily heavy acute drinking bouts. The
single case report that, after a binge, the cerebrospinal fluid tasted of gin remains unconfirmed.

CHRONIC CONSUMPTION

Chronic heavy alcohol use is associated with organ damage including: hepatic cirrhosis; deteriorating brain function
(psychotic states, dementia, seizures, Wernicke's encephalopathy, episodes of loss of memory); peripheral
neuropathy and, separately, myopathy (including cardiomyopathy); cancer of the upper alimentary and respiratory
tracts (many alcoholics also smoke heavily, and this contributes); and chronic pancreatitis.

Malnutrition

With heavy continuous drinking, subjects take all the calories they need from alcohol, cease to eat adequately and
develop deficiency of B-group vitamins in particular, including megaloblastosis (due to the alcohol and to alcohol-
induced folate deficiency).

Hypertension

Heavy chronic use of alcohol is an important cause of hypertension and this should always be considered in both
diagnosis and management. Cessation of use may be sufficient to eliminate or reduce the need for drug therapy. But
even social drinking can raise blood pressure, and hypertensives should be told this.

Blood lipoproteins

Moderate intake of alcoholic drinks may increase high-density lipoprotein (HDL) and diminish low-density lipoprotein
(LDL) concentrations, which may account for the observed protective effect against ischaemic heart disease (see
below).

Reversal of all or most of the above effects is usual in early cases if alcohol is abandoned. In more advanced cases
the disease may be halted (except cancer), but in severe cases it may continue to progress. When wine rationing was
introduced in Paris, France, in the 1939-1945 war, deaths from hepatic cirrhosis dropped to about one-sixth of the
previous level; 5 years after the war they had regained their former level.

CAR DRIVING AND ALCOHOL

The effects of alcohol and psychotropic drugs on motor driving (Fig. 10.3) have been the subject of well deserved
attention, and many countries have made laws designed to prevent motor accidents caused by alcohol. The problem



has nowhere been solved. In general it can be said that the weight of evidence points to a steady deterioration of
driving skill and an increased liability to accidents beginning with the entry of alcohol into the blood and steadily
increasing with blood concentration.
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Figure 10.3 Alcohol and driving.

Alcohol plays a huge part in causing motor accidents, being a factor in as many as 50%. For this reason, the
compulsory use of a roadside breath test is acknowledged to be in the public interest. In the UK a blood concentration
exceeding 80 mg alcohol per 100 mL blood (17.4 mmoI/L) whilst in charge of a car is a statutory offence. At thIS
concentration, the liability to accident is about twice normal. Other countries set lower limits, e.g. Nordic countries,"”
some states of the USA, Australia, Greece.



So clearly is it in the public interest that drunken driving be reduced and that the privileges normally attaching to
freedom of conscience as well as to personal eccentricity must take second place. In one instance, an ingenious
driver, having provided a positive breath test, offered a blood sample on the condition it should be taken from his
penis; the physician refused to take it; the police demanded a urine sample; the subject refused on the ground that he
had offered blood and that his offer had been refused. He was acquitted, but a Court has since decided that the
choice of site for blood-taking is for the physician, not for the subject, and that such transparent attempts to evade
justice should be treated as unreasonable refusal to supply a specimen under the law. The subject is then treated as
though he had provided a specimen that was above the statutory limit. Yet another trick is to take a dose of spirits
after the accident and before the police arrive. The police are told it was taken as a remedy for nervous shock. This is
known is the 'hip flask' defence.

Where blood or breath analysis is not immediately available after an accident, it may be measured hours later and
'back calculated' to what it would have been at the time of the accident. It is usual to assume that the blood
concentration falls at about 15 mg/100 mL/h. Naturally, the validity of such calculations leads to acrimonious disputes
in the courts of law. (See also: Drugs and skilled tasks, p. 369.)

ALCOHOL DEPENDENCE SYNDROME

Alcohol dependence is a complex disorder with environmental, drug-induced and genetic components with multiple
genes probably contributing to vulnerability to the condition. Dependence (chronic alcoholism) varies from social
drinkers for whom companionship is the principal factor, through to individuals who take a drink at the end of a
working (or indeed any) day, who feel a need and who would be reluctant to give it up, to persons who are overcome
by need, who cannot resist and whose whole life is dominated by the quest for alcohol (Fig. 10.4). The major factors
determining physical dependence are dose, frequency of dosing, and duration of abuse.

The development involves alterations in CNS neurotransmission. The acute effect of alcohol appears to be the
blockade of NMDA receptors for which the normal agonist is glutamate, the main excitatory transmitter in the brain.
Chronic exposure increases the number of (excitatory) NMDA receptors and also 'L type' calcium channels, while the
action of the (inhibitory) GABAA neurotransmitter is reduced. The resulting excitatory effects may explain the anxiety,
insomnia and craving that accompanies sudden withdrawal of alcohol (and may explain why resumption of drinking
brings about relief, perpetuating dependence).

WITHDRAWAL OF ALCOHOL

Abrupt withdrawal of alcohol from a person who has developed physical dependence, such as may occur when anill
or injured alcoholic is admitted to hospital, can precipitate withdrawal syndrome (agitation, anxiety and excess
sympathetic autonomic activity) in 6 h and an acute psychotic attack (delirium tremens) and seizures (by 72 h).

Withdrawal should be supervised in hospital with the patient receiving chlordiazepoxide by mouth, 10-50 mg four
times daily, gradually reducing over 7-14 days. Longer exposure to chlordiazepoxide should be avoided as it has the
potential to induce dependence. A B-adrenoceptor blocker may be given to attenuate symptoms of sympathetic
overactivity. General aspects of care, e.g. attention to fluid and electrolyte balance, are important. It is usual to
administer vitamins, especially thiamine, in which alcoholics are commonly deficient, and intravenous glucose
unaccompanied by thiamine may precipitate Wernicke's encephalopathy.

Clomethiazole (chlormethiazole) is an alternative, also for inpatient use, but carries significant risk of dependence and
should not be given if the patient is likely to persist in drinking alcohol. Anticonvulsants, e.g. carbamazepine,
topiramate, have also been used to alleviate symptoms of alcohol withdrawal.

TREATMENT OF ALCOHOL DEPENDENCE
Psychosocial support is more important than drugs, which nevertheless may help.

Acamprosate bears a structural resemblance to both glutamate and GABA, and appears to reduce the effect of
excitatory amino acids such as glutamate, and modifies GABA, neurotransmission during withdrawal. Taken for 1
year (accompanied by counselling and psychosocial support), acamprosate increases the number of alcohol-free days
and also the chance of subsequent complete abstinence. The benefit may last for 1 year after stopping treatment.
Acamprosate may cause diarrhoea, and cutaneous eruptions.
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Figure 10.4 Features of alcohol dependence.

Disulfiram (Antabuse). In alcoholics who are well and motivated, an attempt may be made to discourage drinking by
inducing immediate unpleasantness. Disulfiram inhibits the enzyme aldehyde dehydrogenase so that acetaldehyde
(toxic metabolite of alcohol) accumulates. The objective of administering disulfiram is that patients will find the
experience so unpleasant that they will avoid alcohol. It should be administered only under specialist supervision.

A typical reaction of medium severity comes on about 5 min after taking alcohol and consists of generalised
vasodilatation and fall in blood pressure, sweating, dyspnoea, headache, chest pain, nausea and vomiting. It may
result from even small amounts of alcohol (such as may be present in some oral medicines or mouthwashes). Severe
reactions include convulsions and circulatory collapse; they may last several hours. Some advocate the use of a test
dose of alcohol under supervision (after the fifth day of taking), so that patients can be taught what to expect and also
to induce an aversion from alcohol.

SAFE LIMITS FOR CHRONIC CONSUMPTION

These cannot be defined accurately. But both patients and non-patients justifiably expect some guidance, and doctors
and government departments will wish to be helpful. They may reasonably advise as a 'safe' or prudent maximum



(there being no particular individual contraindication): for men not more than 21 units per week gand not more than 4
units in any 1 day), and for women 14 units per week (and not more than 3 units in any 1 day).1 Consistent drinking of
more than these amounts carries a progressive risk to health. In other societies recommended maxima are higher or
lower.

Alcoholics with established cirrhosis have usually consumed about 23 units (230 mL; 184 g) daily for 10 years. It has
long been thought that total consumption accumulated over time was the crucial factor for cirrhosis. Heavy drinkers
may develop hepatic cirrhosis at a rate of about 2% per annum. The type of drink (beer, wine, spirits) is not particularly
relevant to the adverse health consequences. A standard bottle of spirits (750 mL) contains 300 mL (240 g) of alcohol
(i.e. 40% by volume). A standard human cannot metabolise more than about 170 g/day. People whose intake is
concentrated at the weekend allow their livers time for repair and have a lower risk of liver injury than do those who
consume the same total on an even daily basis.

Regular low alcohol consumption may even confer benefit: up to one drinkgper day appears not to impair cognitive
function in women and may actually decrease the risk of cognitive decline’, and light-to-moderate alcohol
consumption may reduced risk of dementia in people aged 55 years or more.

The curve that relates mortality (vertical axis) to alcoholic drink consumption (horizontal axis) is J-shaped; i.e. as
consumption rises above zero the all-cause mortality declines, then levels off, and then progressively rises. The
benefit is largely a reduction of deaths due to cardiovascular and cerebrovascular disease for regular drinkers of 1-2
units per day for men aged over 40 years and postmenopausal women.

Consuming more than 2 units a day does not provide any major additional health benefit. The mechanism may be an
improvement in lipoprotein (HDL/LDL) profiles and changes in haemostatic factors." The effect appears to be due
mainly to ethanol itself, but non-ethanol ingredients (antioxidants, phenols, flavinoids) may contribute. The rising
(adverse) arm of the curve is associated with known harmful effects of alcohol (already described), but also, for
example, with pneumonia (which may be secondary to direct alcohol effects, or with the increased smoking of alcohol
users).

PREGNANCY, THE FETUS AND LACTATION

Pregnancy is unlikely to occur in severely alcoholic women (who have amenorrhoea secondary to liver injury). The
spontaneous miscarriage rate in the second trimester is doubled by consumption of 1-2 units/day.

Fetal injury can occur in early pregnancy (fetal alcohol syndrome). It may be due to the metabolite, acetaldehyde, and
so acute (binge) consumption is more hazardous than similar total intake on a daily basis. The vulnerable period of
pregnancy is at 4-10 weeks. Because of this, prevention cannot be reliably achieved after diagnosis of pregnancy
(usually 3-8 weeks).

There is no level of maternal consumption that can be guaranteed safe for the fetus. But it is plainly unrealistic to
leave the matter there, and it has been suggested that if the ideal of total abstinence is unachievable then women who
are pregnant or are thinking of becoming pregnant should not drink more than 1-2 units of alcohol per week and
should avoid periods of intoxication.?

In addition to the fetal alcohol syndrome there is general fetal/embryonic growth retardation (1% for every 10 g alcohol
per day) and this is not 'caught up' later.

Fetal alcohol syndrome is a term that covers a spectrum of disorders?; it includes the following characteristics:
microcephaly, mental retardation with irritability in infancy, low body-weight and length, poor coordination, hypotonia,
small eyeballs and short palpebral fissures, lack of nasal bridge.24

Children of about 10% of alcohol abusers may show the syndrome. In women consuming 12 units of alcohol per day
the incidence may be as high as 30%.

Lactation

Even small amounts of alcohol taken by the mother delay motor development in the child; an effect on mental
development is uncertain.

ALCOHOL AND OTHER DRUGS

All cerebral depressants (hypnotics, tranquillisers, antiepileptics, antihistamines) can either potentiate or synergise
with alcohol, and this can be important at ordinary doses in relation to car driving. But, when supplies of hypnotics or
tranquillisers are given to patients known to drink heavily, they should be warned to omit the drugs when they have
been drinking. Deaths have occurred from these combinations.

Alcohol-dependent people with a physical tolerance are relatively tolerant of some other cerebral depressant drugs
(hydrocarbon anaesthetics), but the synergism with these drugs still occurs. There is no significant acquired cross-



tolerance with opioids.

A disulfiram-like reaction occurs with metronidazole, griseofulvin, cefamandole, chlorpropamide, procarbazine and
(possibly) tinidazine.

Oral anticoagulants

Control may be disturbed by alcohol inhibiting hepatic metabolism acutely, or enhancing it by enzyme induction;
moderate drinking is unlikely to cause trouble.

Anti-epilepsy drugs can be metabolised faster due to enzyme induction by alcohol, and this contributes to its well
known adverse effect on epilepsy.

Monoamine oxidase inhibitors (MAQIs). Some alcoholic (and de-alcoholised) drinks contain tyramine, sufficient to
cause a hypertensive crisis in a patient taking a MAOI.

Miscellaneous uses of alcohol

Alcohol precipitates protein and is used to harden the skin in bedridden patients. Local application also reduces
sweating and may allay itching. As a skin antiseptic, 70% by weight (76% by volume) is most effective. Stronger
solutions are less effective. Alcohol injections are sometimes used to destroy nervous tissue in cases of intractable
pain (trigeminal neuralgia, carcinoma involving nerves).

OTHER CEREBRAL DEPRESSANTS

Alcohol, benzodiazepines, clomethiazole and barbiturates broadly possess the common action of influencing GABA
neurotransmission through the GABA x-benzodiazepine receptor complex (see p. 358 and Fig. 19.6) and all readily
induce tolerance and dependence.

y-Hydroxybutyrate (GHB) is a metabolite of GABA, the major inhibitory transmitter in the CNS. It acts by binding to
GABA receptors but additionally affects dopamine, serotonin and endogenous systems. GHB has euphoric and
sedative effects and is popular at dance parties where it has achieved notoriety as a 'date-rape drug'. It is highly
addictive and frequent ingestion may induce dependency and a severe withdrawal state.

Benzodiazepine dependence is discussed on page 362.

Clomethiazole and barbiturate use, and accordingly opportunity for abuse, is now very limited. Barbiturate use is
confined to severe intractable insomnia only in patients already taking barbiturates. Clomethiazole is given short term
for severe intractable insomnia, restlessness and agitation in the elderly.

TOBACCO

In 1492, Columbus observed Native Americans using the dried leaves of the tobacco plant (later named Nicotianazs)
for pleasure and also to treat ailments. Following its introduction to Europe in the 16th century, tobacco enjoyed
popularity to the extent of a panacea, being called 'holy herb' and 'God's remedy'.26 Later, in a bizarre use, tobacco
smoke was administered by bellows as an enema to revive victims of drowning, and sPeciaI tobacco resuscitation kits
were stationed for this purpose at various points along the River Thames in England.2 Only relatively recently have
the harmful effects of tobacco come to light, notably from mortality studies among British doctors.”® Current estimates
hold that there are more than a billion smokers worldwide. In 1990 there were 3 million smoking-related deaths per
year, projected to reach 10 million by 2030.%°

COMPOSITION

The principal components are tar and nicotine, the amounts of which can vary greatly depending on the country in
which cigarettes are sold. Regulation and voluntary agreement by manufacturers aspires to achieve a 'global cigarette'
containing at most 12 mg tar and 1 mg nicotine.

The composition of tobacco smoke is complex (over 4000 compounds have been identified) and varies with the type
of tobacco and the way it is smoked. The chief pharmacologically active ingredients are nicotine (acute effects) and
tars (chronic effects).

Smoke of cigars and pipes is alkaline (pH 8.5) and nicotine is relatively un-ionised and lipid soluble, so it is readily
absorbed in the mouth. Cigar and pipe smokers thus obtain nicotine without inhaling (they also have a lower death
rate from lung cancer; which is caused by non-nicotine constituents).

The smoke of cigarettes is acidic (pH 5.3) and nicotine is relatively ionised and insoluble in lipids. Desired amounts
are absorbed only if nicotine is taken into the lungs, where the enormous surface area for absorption compensates for
the lower lipid solubility. Cigarette smokers therefore inhale (and have a high rate of death from tar-induced lung
cancer). The amount of nicotine absorbed from tobacco smoke varies from 90% in those who inhale to 10% in those



who do not.

Smoke drawn through the tobacco and taken in by the smoker is known as main-stream smoke. Smoke that arises
from smouldering tobacco and passes directly into the surrounding air, whence it may be inhaled by smokers and non-
smokers alike, is known as side-stream smoke. Main-stream and side-stream smoke differ in composition, partly
because of the different temperatures at which they are produced.

Side-stream smoke constitutes about 85% of smoke generated in an average room during cigarette smoking.
Environmental tobacco smoke has been classified as a known human carcinogen in the USA since 1992.%° Although
the risks of passive smoking are naturally smaller, the number of people affected is large. One study estimated that
breathing other people's smoke increases a person's risk of ischaemic heart disease by a quarter.31

Tobacco smoke contains 1-5% carbon monoxide and habitual smokers have 3-7% (heavy smokers as much as 15%)
of their haemoglobin as carboxyhaemoglobin, which cannot carry oxygen. This is sufficient to reduce exercise
capacity in patients with angina pectoris. Chronic carboxyhaemoglobinaemia causes polycythaemia (which increases
the viscosity of the blood).

Substances carcinogenic to animals (polycyclic hydrocarbons and nicotine-derived N-nitrosamines) have been
identified in tobacco smoke condensates from cigarettes, cigars and pipes. Polycyclic hydrocarbons are responsible
for the hepatic enzyme induction that occurs in smokers.

TOBACCO DEPENDENCE

Psychoanalysts have made a characteristic contribution to the problem. 'Getting something orally', one asserted ..., 'is
the first grgat libidinous experience in life; first the breast, then the bottle, then the comforter, then food and finally the
cigarette.'

Sigmund Freud, inventor of psychoanalysis, was a lifelong tobacco addict. He suggested that some children may be
victims of a 'constitutional intensification of the erotogenic significance of the labial region', which, if it persists, will
provide a powerful motive for smoking.33

The immediate satisfaction of smoking is due to nicotine and also to tars, which provide flavour. Initially the factors are
psychosocial; pharmacodynamic effects are unpleasant. But under the psychosocial pressures the subject continues,
learns to limit and adjust nicotine intake, so that the pleasant pharmacological effects of nicotine develop and
tolerance to the adverse effects occurs. Thus to the psychosocial pressure is now added pharmacological pleasure.

Nicotine possesses all the characteristics of a drug of dependence. It modulates dopamine activity in the midbrain,
particularly in the mesolimbic system, which promotes the development and maintenance of reward behaviour.
Nicotine inhaled in cigarette smoke reaches the brain in 10-19 s and its short elimination t, requires regular smoking
to maintain the effect. Inhaling cigarette smoke is thus an ideal drug delivery system to institute behavioural
reinforcement and then dependence. A reyaoort on the subject concludes that most smokers do not do so from choice
but because they are addicted to nicotine. 4

Tolerance and some physical dependence occur. Transient withdrawal effects include EEG and sleep changes,
impaired performance in some psychomotor tests, disturbance of mood and increased appetite (with weight gain),
though it is difficult to disentangle psychological from physical effects in these last.

ACUTE EFFECTS OF SMOKING TOBACCO

e Increased airways resistance occurs due to the non-specific effects of submicronic particles, e.g. carbon
particles less than 1 micrometre across. The effect is reflex: even inert particles of this size cause bronchial
narrowing sufficient to double airways resistance; this is insufficient to cause dyspnoea, though it might affect
athletic performance. Pure nicotine inhalations of concentration comparable to that reached in smoking do not
increase airways resistance.

o Ciliary activity, after transient stimulation, is depressed, and particles are removed from the lungs more slowly.

e  Carbon monoxide absor