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Alison Harris and Donna Scholefield

All nurse prescribers are aware that, if they are to maintain their competence and be effective
and safe prescribers, they must follow the most up-to-date advice on the prescribing of medicines
and appliances. The safe prescribing, administration and evaluation of medicines is an essential
skill for all nurses, as reflected in the NMC's Standards of Proficiency for Registered Nurses (NMC
2018). The Standards makes it explicit that all registered nurses must understand the principles of
safe and effective medicines usage and have knowledge of drug allergies, adverse drug reactions,
contraindications, polypharmacy, drug errors and prescribing practices.

With the continued expansion in non-medical prescribing, the different professional and
regulatory bodies have acknowledged the need for a single set of competencies for all medical and
non-medical prescribers. In 2016 the Royal Pharmaceutical Society (RPS) published A Competency
Framework for all Prescribers. The Nursing and Midwifery Council (NMC 2018) has directed all
nurses to abide by the RPS Competency Framework. In 2019 the Royal Pharmacological Society and
Royal College of Nursing co-published Professional Guidance on the Administration of Medicines in
Healthcare Settings (RPS & RCN 2019), offering further guidance for all healthcare professionals
involved in drug administration. Nurse prescribers need to ensure that they are familiar with all
statutory guidance and reflect on how it can be applied to their own sphere of clinical practice.
Within higher education, the Competency Framework can be used to structure prescribing modules
and programmes. Nurses can use the Framework for their NMC revalidation to demonstrate how
they maintain their prescribing competencies. These standards should be read in conjunction with
this text to support professional, ethical and accountable prescribing practice.

This second edition reflects those many changes and brings together the latest advice from
NICE, the BNF, professional associations, primary research and clinical algorithms. All chapters are
written by healthcare professionals with specialist knowledge. While the first edition was aimed at
students undertaking the non-medical prescribing modules, this updated text has broadened its
scope and is relevant to all trainee and qualified nurse prescribers.

The main aim of this book is to provide nurses with an introduction to pharmacological
concepts, embedded in specific conditions, through case studies and self-assessment questions. By
utilising a case study approach, we aim to help readers link pharmacological concepts with clinical
practice and many of the conditions presented here will be commonly seen across all healthcare
settings. In addition, the book will help students to understand some of the more technical
pharmacology terms and may also provide a useful teaching resource for lecturers teaching the
non-medical prescribing programme as well as those teaching pharmacology to undergraduate
nursing students.

Xiv



Introduction

The second edition has a new chapter on using the British National Formulary (BNF),
reflecting the major changes in the structure of the Formulary that have occurred since the first
edition. Other additions include chapters on pregnancy and breastfeeding and sexual health and
contraception. Furthermore, with a growing elderly population leading to a greater emphasis
on frailty syndrome, there is a new chapter dedicated to prescribing for frailty — recognising
its association with a higher incidence of polypharmacy and adverse drug reactions. Finally, new
developments in pharmacology (such as the emergence of biosimilar drugs) are also reflected
within the text. All the other chapters from the first edition have also been revised and updated.

Finally, we would like to take this opportunity to remind both the trainee and the experienced
nurse prescriber; often working autonomously and in complex and uncertain situations, that (in
line with the NMC Standards and RPS Competency Framework) prescribers should only prescribe
within their own scope or specialist area of practice and competence.

Objectives

The authors’ objectives are to:

@ Provide an overview of common conditions and their pharmacological management
® Demonstrate how to use the British National Formulary effectively

@ Utilise a case study approach so that practitioners can apply pharmacological principles
to real-life events

® Use self-assessment exercises to further challenge and engage the reader

® Give nurses an understanding of the fundamental pharmacological and physiological
principles required for practical prescribing

@ Support nurses in the pharmacological component of the non-medical prescribing
programme.

How to use the text

[t is not the authors' intention that this book should be used as a stand-alone text. Rather; it
should be read in combination with other pharmacological and pathophysiological texts so that
the questions may be fully addressed. A list of ‘References and further reading’, including key texts,
national guidelines and frameworks, is provided for each chapter.

There are also sample answers, which can be developed further, for the activities found at
the end of each section. Readers will gain greater knowledge and understanding of pharmacology
if they consider the questions and then carry out some independent study (using the information
in the ‘References and further reading’ list) before viewing the answers. The case studies
presented focus on the practical realities of applied pharmacological concepts. A glossary and a list
of abbreviations are also provided.

XV
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It is hoped that this book will give the reader an appreciation of the value of having a
sound pharmacological knowledge base in order to deliver safe practice, effective prescribing and
ultimately improved patient care.

References and further reading

The Nursing and Midwifery Council (NMC) (2018). Standards of Proficiency for Registered Nurses.
https://www.nmc.org.uk/standards/standards-for-nurses/standards-of-proficiency-for-registered-nurses/
(Last accessed 15 July 2020).

Royal Pharmaceutical Society (RPS) (2016). A Competency Framework for all Prescribers.

https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Professional%20standards/Prescribing%20
competency%20framework/prescribing-competency-framework.pdf (Last accessed |5 July 2020).

Royal Pharmaceutical Society (RPS) and Royal College of Nursing (RCN) (2019). Professional Guidance on the Administration

of Medicines in Healthcare Settings. https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/
Professional%20standards/SSHM%20and%20Admin/Admin%200f%20Meds%20prof%20guidance.pdf?ver=2019-01-23-145026-567
(Last accessed |5 July 2020).
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Dr Kaicun Zhao
PhD, MSc, MB, Clinical Pharmacology

Alan Sebti

BPharm, DipPharmPrac, Principal Pharmacist - Pharmacy Procurement, Royal Free London NHS
Foundation Trust, London

This chapter:
@ Discusses the advantages and disadvantages of different routes of drug administration

@ Explains the main principles of drug absorption and the importance of these processes to the
prescriber

® Explores how drugs are metabolised and excreted, as well as factors influencing these
processes

® Demonstrates the importance of understanding the pharmacokinetics of a drug and how this
knowledge assists safe and effective prescribing.

Infroduction

Pharmacology includes the pharmacodynamic and pharmacokinetic study of drugs. Pharmaco-
dynamics refers to the actions of drugs on different organs, tissues and biological systems,
mediated through various mechanisms of action. The drug actions lead to effective correction of
pathological conditions. Pharmacokinetics refers to the kinetic behaviour and disposition of drugs
in the body — in other words, how the body affects the drug, either chemically or physically. The
drug actions and their underlying mechanisms will be addressed in subsequent chapters. This
chapter will focus specifically on pharmacokinetics.

For a drug to exert its therapeutic effects, it must reach its target site in an appropriate
concentration. From a pharmaceutical formulation to a molecule acting on the target site, a drug
must travel through various physical barriers. As drugs are foreign compounds, they have to
enter the body and are eventually excreted by it. During this journey through the body, the
drug will be affected by various biochemical environments. Generally, the journey involves several
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processes, namely absorption, distribution, metabolism and excretion (ADME). Figure 1.1 (below)
is a schematic representation of a drug's progress through a biological body.

po
im,
inhaled,etc

iv
First pass
metabolism
\\ DistV
Enterohepatic
circulation

. Rectal \
Absorption
l Re-Absorption
Faecal Excretion Urine Excretion

Figure 1.1: The processes undergone by a drug as it travels through a biological body;
po (oral), im (intramuscular), Gl (gastrointestinal), iv (intravenous)

Blood drug concentration

In clinical practice, it is difficult or impossible to measure or monitor drug concentration in tissues.
However, the tissue concentration of the drug is proportional to the blood level of the drug. Since
the blood level is generally easier to measure, it is commonly used as a proxy marker for the tissue
concentration. Blood drug concentration is therefore an important indicator for studying and
monitoring drug pharmacokinetic properties.

Pharmacokinetic parameters

To obtain effective drug concentration whilst minimising toxicity, it is essential to give the right
dose. Designing an appropriate dosage regimen for a drug requires a basic understanding of the
drug’s fate in the body, including the way it is absorbed, distributed, metabolised and excreted.
The fate of a drug in a biological body is described by its pharmacokinetic parameters. Generally,
these parameters are derived from studies involving serial measurements of plasma concentration
at various periods after administration of the drug. It is not within the scope of this book to
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discuss the calculation of the pharmacokinetic parameters. Instead, we will focus on the clinical
applications of these parameters. Some key pharmacokinetic parameters and definitions are listed
in Table I.I below.

Table 1.1: Commonly used pharmacokinetic parameters

Pharmacokinetic | Definition

parameter

Cmax Maximum drug concentration after absorption

Tmax Time needed to achieve maximum drug concentration

Ke Drug elimination rate constant

Cl Systemic clearance of drug from the body

t,, Half-life of drug — time taken for 50% of drug to be eliminated from the body

F Bioavailability of a drug — a measure of both the rate and extent of drug
absorption into blood circulation. In day-to-day use, bioavailability is generally
used to describe the extent, i.e. the proportion (or percentage) of drug
absorbed into blood circulation.

Vd Volume of distribution — an indicator of the extent of drug distribution into
tissues. This is the theoretical volume that would contain the total amount of
drug in the body at the same concentration as it is in the blood.

Drug formulations and administration routes

Drugs can be delivered in different ways and in different forms. The administration route and
formulation of a drug will influence its fate in the body. In clinical practice, administration route and
drug formulation choices are primarily determined by both the physical and chemical properties
of the drug, and by the therapeutic demands. Table 1.2 (page 4) lists the most frequently used
administration routes and the relevant formulations, with their advantages and disadvantages.

Drug absorption

When a drug is delivered into the body, it will immediately go through absorption. Absorption
is the process whereby a drug passes through biological membranes and is transported through
tissues to reach the systemic circulation. All administration routes (except the intravenous route)
require the drug to go through absorption in order to be transported from the delivery site to the
systemic circulation. Intravenous injection will bring a drug directly into the systemic circulation,
without the need to go through absorption.
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Table 1.2: Drug administration routes and characteristics

Useful for drugs that induce vomiting

Used in unconscious cases or patients who are
vomiting or nil by mouth

* Used for local and systemic actions

Class Administration | Formulation Advantages Disadvantages
route
Enteral | Oral Tablet, Pill, * Easy and convenient for self-administration * Lag-time required to achieve
Capsule, Syrup, | * Non-invasive effective blood concentration, due
Tincture to absorption process
* First-pass effect may reduce drug
bioavailability
* Various factors may affect drug
absorption, such as food, other
drugs, gastric emptying, etc.
Sublingual Tablet, Film * Rapid absorption and onset of action * Not all drugs are suitable to be
® Avoids first-pass effect delivered in this way
Parenteral | Intravenous | Injections, * Not subject * Rapid action * Not suitable for self-administration
injection Infusion to first-pass * Directly delivered into * Invasive
metabolism systemic circulation * Risk of infection
® Used in (bioavailability is 100%)
unconscious * Easy dose control
Intramuscular | Injections cases or * Absorption is relatively * Not often suitable for self-
injection patients who fast and complete administration
are nil by * Invasive and often painful
mouth
Subcutaneous | Injections, * Used for drugs | ° Absorption is relatively slow | © Invasive
Infusion that are poorly | * Infusion avoids the need for | © Risk of inflammation at the
absorbed or repeated injections infusion site
unstable in the
Gl tract
Others [ Inhalation Pressurised * Rapid absorption * Only appropriate for drugs that can
metered-dose | * Used for local and systemic actions be made into gas form or those that
inhalers, Dry can be dispersed in an aerosol
powder inhalers,
Medical gases
Topical Cream, Spray, | * Easy to self-administer * Not always convenient
Gel, Paste, * Used for local actions
Powder
Transdermal | Spray, Patch, | ® Easy to self-administer * Not always convenient
Cream, Ointment | © Used for continued slow drug delivery * Potential for irritation of skin
or Gel * Significant lag-time to achieve effect
Rectal Suppository, * Avoids first-pass effect and destruction by * Absorption is varied and often
Enema intestinal enzymes or by low pH in the stomach incomplete

* Not convenient
* Less acceptable to patients
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Transportation of drugs

Passive diffusion

For a drug to be transported in the biological system, it has to cross the lipid bilayer of cell membranes.
Passive diffusion is the most common way in which substances move across the phospholipid bilayer
membranes. The vast majority of drugs can be absorbed through this mechanism. In passive diffusion,
a drug moves from a high concentration site to a low concentration site without requiring any energy
input.

Somerelatively large molecule drugs cross cellmembranes by passive diffusion viatransmembrane
proteins that act as carriers, thus facilitating their passage. The drugs still move from the side of high
concentration to the side of low concentration without the need for energy. This type of passive
diffusion is called facilitated diffusion. As the number of membrane carrier proteins is limited, facilitated
diffusion can be subject to saturation and thus inhibited. Some of the cephalosporin antibiotics (such as
cephalexin) are absorbed across the intestinal epithelial cells using facilitated diffusion.

Active transport

Some drugs, such as levodopa (used to treat Parkinson's disease), fluorouracil (anti-cancer drug) and
iron salts, are absorbed by active transport. In contrast to passive diffusion, active transport needs
specific membrane proteins to act as carriers. As there is a limited number of carrier proteins, the
process of active transport can be saturated when the drug concentration reaches a certain level. This
absorption process needs energy and can move drugs against a concentration gradient, from lower to
higher concentration.

Endocytosis
Endocytosis is another way for drugs to be absorbed. In this process, drugs are engulfed by invaginated
cell membrane to form a drug-filled vesicle. They are then transported into the cell, or across epithelial
or enterocytic cells, by pinching off the drug-filled vesicle. Endocytosis is an energy-consuming process.
This absorption mechanism only plays a minor role in the transportation of drugs generally,
but it is important for some large molecules, particularly for those with high polarity, that cannot pass
through the hydrophobic plasma or cell membrane by passive diffusion, such as proteins. Vitamin BI2 is
an example of a drug that is absorbed across the gut wall, through endocytosis.

Factors affecting drug absorption and drug
bioavailability

Many factors can affect the absorption process. It isimportant to understand these effects, as changesin a
drug's absorption will also cause changes in its bioavailability, and consequently influence its effectiveness
or even cause toxicity. Table 1.3 lists some of the most common factors that can significantly affect the
absorption of drugs.
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Table 1.3: Factors influencing drug absorption

Factors

Influence on drug absorption

Example

Blood flow to
the absorption
site

* Abundant blood flow to the
absorption site will facilitate drug
absorption.

* Digoxin bioavailability is increased when
gastrointestinal blood flow is increased.
Another example is that increased
skin temperature increases the rate of
absorption of drug from transdermal
patches. Case reports indicate that this
can be significant enough to cause toxicity.

Total surface
area available
for absorption

* The larger the surface area for
absorption, the higher the rate and
extent of absorption.

* Although aspirin is more easily absorbed
from the stomach, the major absorption
of aspirin is from the intestine, as the total
surface area is much larger than that of the
stomach.

properties of
drugs

of the gastrointestinal tract.
Hydrophobic drugs cross the lipid
layer of the membranes more easily.
But extreme hydrophobicity will
reduce the drug’s solubility.

Particle size: The smaller the drug
particle size, the more easily the
drug is absorbed.

Contact * The longer the contact time at the | * Plasma digoxin concentrations are

time at the absorption site, the greater the increased by increased contact time

absorption extent of the absorption. in the intestine, due to decreased

surface gastrointestinal motility.

Effect of * The pH at the absorption site * Aspirin, as a weak acid, is un-ionised at

pH on drug affects the ionisation of weak acid the low pH of the stomach and better

absorption or weak base drugs, and influences absorbed from the stomach than the small
absorption. The un-ionised form is intestine. Note: See above comments on
usually more easily absorbed. total surface area.

Physico- * Chemical instability: Some drugs * Benzylpenicillin is unstable in the low pH

chemical may be sensitive to the environment| of the stomach.

¢ Proteins, such as insulin, are normally
destroyed by degradative enzymes.

First-pass
hepatic
metabolism

* Some drugs may experience
extensive first-pass metabolism
when given orally, significantly
reducing the amount of drug that
enters the systemic circulation.

Propranolol undergoes significant
biotransformation in the liver before
entering the systemic circulation.
Therefore the oral dose of propranolol is
much higher than the intravenous dose.
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Formulation
and drug
interactions

* Various new formulation
techniques, such as enteric coating
and controlled release formulations,
are applied in order to alter the rate
of absorption or the site of delivery.

* Drugs may influence each other’s
absorption. This influence can take
various forms.

* Sustained-release nifedipine tablets extend
the administration interval from 8-hourly
to 12- or even 24-hourly.

* Proton-pump inhibitor preparations are
enteric-coated to prevent inactivation by
low gastric pH.

* Antacids bind to tetracyclines, reducing
their absorption due to chelation and pH
changes.

* Administering iron with ascorbic acid
(vitamin C) increases iron absorption.

First-pass effect
The special feature of oral administration is that drugs absorbed from the gastrointestinal tract enter

the liver via the hepatic portal vein and are subjected to metabolism by the liver before reaching

the main circulation. This process is called first-pass metabolism or pre-systemic metabolism. Some

drugs can be severely affected by the first-pass effect. For instance, more than 90% of the anti-anginal

drug glyceryl trinitrate (GTN) is eliminated by first-pass metabolism. For this reason, a simple tablet

formulation of this drug, administered orally, will be almost completely ineffective.

To avoid first-pass effect, glyceryl trinitrate is usually administered by the sublingual route, as
blood vessels are richly distributed under the tongue. Drugs placed sublingually will be absorbed by
the capillary blood vessels, entering the systemic circulation directly, and avoiding first-pass metabolism.

Although first-pass metabolism occurs mainly in the liver, some breakdown of drugs also occurs

elsewhere, such as the intestinal mucosa, skeletal muscles and lungs.

Activity 1.1

I. List the main factors that can affect drug absorption.

2. Explain the term ‘first-pass effect’ and give examples of two drugs that undergo

significant first-pass effect.

3. Identify at least three routes of drug administration that avoid first-pass hepatic

effects.
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Bioavailability

Bioavailability is a parameter used to measure the extent to which a drug is absorbed and made
available, to be distributed for actions in the body. It is usually expressed as a fraction or percentage
of the administered dose that reaches the systemic circulation. Different drugs show different
bioavailability. Usually, intravenous injection is deemed to have the highest bioavailability (100%). Due
to incomplete absorption, degradation or metabolism, all other drug delivery routes may have reduced
bioavailability. The same drug may also show different bioavailability depending on its formulation.

Bioequivalence and therapeutic equivalence

When comparing related drug products, the concept of bioequivalence is used to reflect the
similarity in pharmacokinetic behaviour; and therapeutic equivalence is used to reflect the similarity in
pharmacodynamic activities of drug products.

Bioequivalence

If two or more related drug products show similar rate and extent of absorption (similar peak blood
drug concentration, Cmax, and similar time required to achieve this maximum concentration, tmax),
then they are said to be bioequivalent. Bioequivalent drug products display comparable bioavailability.

Therapeutic equivalence
If drug products possess similar efficacy and safety in clinical application, they are therapeutically
equivalent. Therapeutic equivalent drug products may or may not be bioequivalent.

Drug distribution

Once a drug enters the main circulation system through an absorption process, it is distributed into the
body fluids, various tissues and organs via the blood. Drug distribution is normally rapid, and a moving
equilibrium is quickly achieved where a drug can reversibly move between the bloodstream and the
interstitial tissues, extracellular body fluid and the organs. Drug distribution varies significantly from
drug to drug.

The extent of drug distribution is usually described by the volume of distribution. This volume
is calculated according to the plasma concentration of the drug and its dose. As the body is not
homogeneous, the volume measured may not reflect the anatomical compartment. This is called
apparent distribution volume (Vd), as it is a theoretical volume (see Table I.I, p. 3). The larger the
Vd, the more extensively the drug is distributed into the tissues. For example, warfarin is 99% bound
to plasma proteins. Because of this, it remains largely in the plasma and therefore has a low volume
of distribution. In contrast, digoxin is largely bound to myocardial tissue, meaning that relatively little
remains in the plasma and therefore digoxin has a relatively high volume of distribution of the order of
500-600 litres (note that this volume is larger than the sum of all body compartments).



How the body affects drugs

Factors affecting drug distribution
A number of factors determine or affect drug distribution in the body. Table 14 (below) lists some
factors that influence the distribution of drugs to various tissues.

Table 1.4: Factors affecting drug distribution in the human body

pH conditions also affect the distribution

of weak acid or base drugs. Changes in

pH will affect the ratio of ionised over un-
ionised forms of a drug, leading to changes

in distribution, due to differing ability to
penetrate across phospholipid bilayer
membranes. Un-ionised forms of weak acid or
base are more lipophilic and move more easily
across membranes.

Factors Influence on drug distribution Examples
Blood flow Normally, the richer the blood supply to a The brain, liver and kidney have a
tissue/organ, the more a drug is distributed to |greater blood flow rate and drugs
that tissue/organ. tend to be distributed more to these
organs.
Capillary The walls of capillary blood vessels in different | Dopamine does not readily cross the
permeability |tissues have varying structures, leading to blood—brain barrier and has to be
different levels of permeability. For example, |administered as levodopa — a prodrug
the capillary structure in the brain is formed — for the treatment of Parkinson’s
with continuously arranged endothelial cells, | disease.
forming a barrier that prevents many drugs
from entering the brain. This is commonly
referred to as the blood—brain barrier.
Chemical Lipid solubility: Hydrophobic (lipophilic) drugs |Due to its high lipophilic property,
properties normally distribute into tissues more readily, |chloroquine shows a distribution
because they can easily penetrate across the | volume of more than 100 L/kg, with
phospholipid bilayer membrane. Lipophilic a half-life of -2 months.
drugs also tend to distribute more in lipid-rich
tissues.
pH Similar to the influences on drug absorption, | Un-ionised drugs cross cell

membranes more readily, to
distribute to the action site. Changes
in environmental pH may therefore
alter distribution, due to changes in
ionisation of a drug. For example,
lidocaine may be less effective in the
acidic environment of infected tissue.
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Protein Drugs can bind to various proteins, including | The distribution volume of
binding plasma and tissue proteins, either specifically | theophylline increases, due to
or non-specifically. This can affect drug reduction of its plasma protein
distribution, as the drug may be trapped in binding in patients with hepatic
particular tissues. cirrhosis.
Liver disease |This affects the extent of plasma protein Phenytoin distribution is significantly
binding of drugs. altered in hypoalbuminaemia —
observed plasma concentrations
therefore need to be corrected for
this.

The blood-brain barrier

Due to the specific structure of the capillary blood vessel walls, with tight junctions between cells,
there is an effective barrier between the blood and brain tissues. This is referred to as the blood—brain
barrier (BBB), which only readily allows lipid-soluble drugs or those that can be actively transported by
a carrier protein to enter the brain. Drugs with significant polarity, or with a positive or negative charge,
cannot easily pass across the BBB — limiting the distribution of these drugs to the brain. A common
example of this is dopamine, which does not cross the BBB and therefore cannot be used directly
to treat the dopamine deficiency seen in Parkinson's disease. Instead, the prodrug levodopa is given.
This is non-polar; and readily crosses the BBB. Once the levodopa reaches the brain, it is converted to
dopamine by the enzyme dopa-decarboxylase.

Plasma protein binding of drugs and its clinical
implications

Following absorption, a drug may bind to plasma proteins. The extent and affinity of this binding
varies widely from one drug to another. The major binding protein in the plasma is albumin, which
accounts for about 60% of all plasma proteins. Weak acids and hydrophobic drugs tend to bind to
plasma albumin. Weak bases are more likely to bind to globulin or glycoproteins.

The binding of a drug to plasma proteins is normally reversible and non-specific. Equilibrium
will be achieved and maintained between the bound and free forms of a drug. When the free drug is
eliminated, the bound drug dissociates from the plasma protein to maintain the equilibrium; and the
free-drug level remains at a constant proportion to the bound drug. Bound drugs are not diffusible and
they are pharmacologically inactive. Only a drug in its free form can distribute to its site of action and
exert a pharmacological effect. High plasma protein binding may reduce or slow the distribution of a
drug into interstitial tissues or other organs.

When binding to plasma proteins is extremely high (>90%), it becomes clinically significant. In
this case, only a relatively small portion of the drug is in its free form and therefore pharmacologically
active and able to exert a therapeutic effect. This means that a relatively small change in the level of the
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bound drug may result in a relatively large change in the level of the free drug, leading to a significant
increase in activity and/or potential for toxicity. This is particularly important for drugs with a small
apparent volume of distribution and narrow therapeutic index. Warfarin is a typical example, and
shows about 99% binding to plasma albumin. If any factor changes the degree of plasma protein binding,
such as hypoalbuminaemia or the co-administration of a drug with a high affinity for albumin (such as
tolterodine, aspirin or paracetamol), warfarin may be displaced from plasma proteins and the level of
free warfarin will be increased. This may lead to toxicity, in the form of an enhanced anticoagulant effect
and bleeding.

Activity 1.2
I. Briefly explain what is meant by the term ‘drug distribution’.

2. If a drug’s distribution volume is significantly larger than normal human body
volume, what does that mean?

Drug metabolism

When a drug enters the body, the body's homeostatic mechanisms start to eliminate it. There
are two ways through which the body eliminates a foreign compound. One way is metabolism
and another is excretion. The process of metabolism, often referred to as biotransformation,
transforms a drug into a chemically different compound or metabolite, usually converting lipophilic
drugs into more polar hydrophilic metabolites and facilitating the excretion of the drug and its
metabolites into the urine.

Drug metabolism is traditionally recognised as an inactivation process. After metabolism, the
metabolites of a drug will commonly lose the pharmacological activities of the parent compound.
However, this is not always the case. Some metabolites are as active as their parent drug (and
sometimes even more active).

In some cases, the parent drug is administered as an inactive prodrug and must be metabolised
to form a pharmacologically active compound before it exerts a therapeutic effect. For example, the
cancer chemotherapy agent cyclophosphamide is a prodrug that is converted by liver cytochrome
P450 (CYP) to form the pharmacologically active 4-hydroxycyclophosphamide.

Drugs can be metabolised in various different organs and tissues. However, the liver is
the major organ responsible for drug metabolism. Other organs or tissues frequently involved in
biotransformation of drugs include the kidney, lung and the gut wall. Drug metabolism is normally
mediated by specific enzymes. In general, there are two kinds of biotransformation reaction, identified
as phase | and phase Il metabolism respectively.
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Phase | metabolism

Phase | metabolism introduces polar functional group(s), such as hydroxyl (-OH), amide (-NH,),
sulfhydryl (-SH) and carboxyl (-COOH) chemical groups through oxidation, reduction or hydrolysis
of a drug compound. These chemical functional groups generally facilitate the elimination of the drug
from the system.

Oxidation is the most important metabolic pathway for a foreign compound in the human
body. The oxidation reactions in phase | drug metabolism are commonly catalysed by the CYP
monooxygenase system, which is located in the microsomes of cell endoplasmic reticulum. They are
often referred to as microsomal mixed function oxidases.

The cytochrome P450 system

Cytochrome P450 is a super family of heme-containing enzymes containing a number of sub-families.
The naming convention used for this family of enzymes is usually a number to indicate the CYP family,
followed by a capital letter to indicate the sub-family and another number at the end to represent the
specific isoenzyme, for example CYPIAI, CYP2EI and CYP3A4. CYP enzymes exist in most cells but
are found primarily in the liver and Gl tract. The liver and the Gl tract therefore play an important role
in drug metabolism.

In humans, 57 CYP families have been identified and amongst these families CYPI, CYP2 and
CYP3 have been identified as the main enzymes responsible for the metabolism of foreign compounds.
Other families may be involved in the metabolism or synthesis of endogenous materials such as
hormones, lipids, vitamins and cholesterol.

CYP3A4, CYP2D6, CYP2C9/10, CYP2CI9, CYP2EI and CYPIA2 are most commonly involved
in drug metabolism, covering the vast majority of P450-catalysed reactions. Statistics have shown that
these CYP isozymes (also known as isoenzymes) are responsible for more than 60% of the metabolism
of xenobiotics in humans.

Phase |l conjugation

Phase Il metabolism is a form of conjugation reaction. Drugs and/or their metabolites from phase
| metabolism are conjugated with an endogenous substrate, such as glucuronic acid, sulphuric acid,
acetic acid, or an amino acid. Similar to phase | reactions, phase Il metabolism also occurs mainly in the
liver and to a lesser extent in the kidney and intestinal wall. The most common conjugation reaction is
glucuronidation, in which a drug or its phase | metabolites are combined with glucuronic acid. Other
conjugation reactions are listed in Table 1.5 (below). Various transferases are involved in conjugation
reactions, such as glucuronyl transferase for glucuronidation.

Phase Il conjugation reactions usually convert drugs into more polar and water-soluble
metabolites, facilitating drug excretion from the body through the kidney or bile, though there are
some exceptions. For example, acetylation reactions generally reduce the water solubility of drugs.
Most drugs will be inactivated following the formation of a phase Il conjugate. However, there are some
important exceptions to this, such as the morphine glucuronidation product, morphine-6-glucuronide,
which is significantly more potent than its parent compound morphine.
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Table 1.5: Phase Il metabolism - conjugation reactions

Conjugation reaction(s)

Conjugating substrate

Enzyme(s)

Glucuronidation

UDP-glucuronic acid

UDP-glucuronyl transferase

Sulphation/Sulfonation

3'-phosphoadenosine-5'-
phosphosulfate

Sulfotransferases

Methylation S-adenosyl methionine Methyltransferase
Acetylation Acetyl CO-enzyme A N-acetyltransferases
Glycine conjugation Glycine N-acyltransferase
Glutathione conjugation Glutathione Glutathione S-transferases

Factors affecting drug metabolism

Apart from individual variations, physiological conditions (such as age, gender, hereditary and racial
differences) all influence drug metabolism. In general, drugs are metabolised more slowly in foetal,
neonatal and elderly people than in adults. Pathological conditions, such as liver disease, may also
affect drug metabolism processes.

The most important factors affecting drug metabolism are induction and inhibition of
the enzymes involved in drug metabolism. Certain drugs, environmental chemicals and food
ingredients can increase the synthesis of one or more CYP isozymes. For example, phenobarbital
induces CYP2BI and 2B2; and rifampicin induces CYP3A4, 1A2, 2C9 and 2CI9. This is referred to
as enzyme induction.

Increasing levels and activities of CYP isozymes result in increased biotransformation of
drugs and can lead to significant decreases in plasma concentration of the drugs metabolised by
these CYP isozymes, with subsequent loss or attenuation of pharmacological activity. For example,
smoking induces CYPIA2 and this significantly increases the clearance of theophylline and reduces
its half-life in smokers. The onset of enzyme induction is gradual, as more enzyme needs to be
synthesised. The effects of induction also persist beyond removal of the inducing agent, as enzyme
levels are gradually reduced.

In contrast, drug metabolising enzymes (in particular the CYP isozymes) may also be
inhibited by certain drugs, environmental chemicals and food ingredients, as in inhibition of
CYP3A4 by clarithromycin. The most common type of inhibition is competitive and reversible.
The inhibitors are usually also a substrate of the inhibited isozymes (i.e. they are normally
metabolised themselves by the same isoenzyme) but some inhibitors are capable of inhibiting
isozymes to which they are not substrates. Some other factors affecting drug metabolism are
summarised in Table 1.6 (below).
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Table 1.6: Other factors affecting drug metabolism

Factor Effect(s) Example(s)
Age Neonates are deficient in phase Il conjugating Chloramphenicol accumulation in
system. infant due to insufficient activity of
UDP-glucuronyl transferase, causing
‘grey baby syndrome’.
Elderly people have a marked depression of The total hepatic clearance of
hepatic oxidative metabolism. theophylline is reduced in older
people.
Sex Higher clearance is found in men than in women, | Due to more active phase ||
due to increased glucuronide and sulphate metabolism, some medicines
conjugations. are metabolically cleared faster.
Examples include paracetamol,
caffeine and digoxin.
Nutritional | A low intake of protein will cause a decrease in | Theophylline
status drug clearance by reducing oxidative metabolism.
Liver Hepatitis A impairs the function of human Metabolic clearance of coumarin by
disease hepatic CYP, resulting in decreased drug CYP2A6 is reduced.
clearance.
Fatty liver disease affects the phase Il conjugation | Clearance of paracetamol through
reactions. sulfonation is decreased in
steatohepatitis.
Intestinal Microbial strains in intestinal flora can be Digoxin is inactivated by
flora involved in drug metabolism. Changes in the gastrointestinal bacteria. Concurrent
environment of intestinal flora will affect drug administration of antibiotics such as
metabolism. clarithromycin can therefore increase
digoxin bioavailability.
Pharmaco- | Polymorphisms have been identified for isozyme |Reduced conversion of codeine
genetic CYP2C, 2D6 and acetyltransferase, showing to morphine, due to genotypes
variation different metabolising capacities in different associated with lower CYP2D6
populations. activity.
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A 64-year-old African-American man has been receiving simvastatin for approximately
six months. About three weeks ago, he started suffering from sinusitis and was
prescribed the macrolide antibiotic clarithromycin to control the infection. However,
he was admitted to hospital later with diffuse muscle pain and severe muscle weakness.
Dark-coloured urine was noted. His creatinine kinase was found to be elevated and
over the next few days the serum creatinine increased to 156 micromol/| (usual baseline
for this patient was 90 micromol/l). A diagnosis of rhabdomyolysis was made. It was
suspected that this was related to statin toxicity.

Activity 1.3 (Case study)

I. What is the most likely reason for statin toxicity in this case?
2. What is the major enzyme involved in the metabolism of simvastatin?

3. What is the potential interaction between macrolide antibiotics and statins?

Drug excretion

There are a number of ways by which drugs are excreted from the body. As shown in Figure 1.2
(below), the most important excretion routes are through the kidney and liver. Other routes include
respiration through the lungs, sweating, or milk in nursing mothers. The forms of the excreted drug
include the unchanged parent drug, phase | metabolites and phase Il conjugates. Generally, the
greater the polarity of a drug (the more hydrophilic it is), the more likely it is to be excreted through
the kidney. Hydrophobic drugs, on the other hand, are more likely to be excreted through bile.

Renal excretion

Drugs and their metabolites are excreted via the kidneys into urine. Glomerular filtration is the
main process in renal excretion of drugs. The normal kidney glomerular rate is 125 ml/min, which is
about 20% of the normal renal blood flow rate. In addition, active secretion plays an important role
in drug excretion via the kidney. For example, methotrexate is excreted through active secretion.
The secretion primarily occurs in the proximal tubular area of the kidney.
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Intestinal and biliary excretion

Due to incomplete absorption of enterally administered drugs, the unabsorbed drug will be excreted
directly from the intestinal tract. The absorbed drug and its metabolites can be secreted into the bile in
the liver; then secreted into the intestine and eventually excreted out of the body through defecation.

U
|

Hydrophilic
compounds

Hydrophobic
compounds

Liver &
Gall bladder

Figure 1.2: The major routes of drug excretion — kidney and biliary excretion.
Phase | and Phase 2 metabolism occur in the liver

Blood

circulation

Kidney

Factors affecting drug excretion

Drug excretion is affected by various factors. Reabsorption is an important process that may
significantly affect the excretion of a drug. This is also a process during which drug interactions are
likely to occur.

In kidney proximal tubular reabsorption, the drug (including its metabolites excreted from the
kidney) can be reabsorbed back into the systemic circulation. The reabsorption process occurs in the
distal tubular area of the kidney. Active transportation is also involved in the drug reabsorption.

In enterohepatic circulation, the drug (and its metabolites secreted from the bile) can be
reabsorbed in the intestine and re-enter the systemic circulation. Conjugated metabolites can also be
reabsorbed, following hydrolysis of the conjugates in the intestine, a process that often involves the
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gut flora. This reabsorption process from the gut is known as enterohepatic circulation or recycling.
Apart from reabsorption, there are many other factors that affect drug excretion. Table 1.7
(below) details some of these.

Table 1.7: Factors affecting drug excretion

Factor

Effect(s)

Example(s)

Blood flow to the
liver and kidney

Both hepatic and renal excretion
of the drug are dependent on
blood flow to these organs.
Reduced blood flow, as in
cardiogenic shock, heart failure
or haemorrhage, may reduce
excretion by these routes.

* Clearance of diltiazem, nifedipine and
verapamil are dependent on liver blood
flow.

Renal and liver
diseases

L]

Dysfunction of liver and kidney
will affect drug excretion.

* Accumulation of colchicine may be
caused by reduced biliary excretion in
patients with advanced liver disease and
cholestasis.

Digoxin dose needs to be reduced, due
to decreased excretion in patients with
impaired kidney function.

Age

Kidney tubular secretion is not
completely developed in infants
and neonates.

Renal clearance is reduced in
older people.

Around 90% of a benzylpenicillin dose is
excreted through kidney tubular secretion.
It is administered |12-hourly in neonates,
but 4- to 6-hourly in adults.

Piptazobactam is administered three times a
day, but reduced to twice a day if creatinine
clearance is lower than 20ml/min.

Drug interaction

Competitive inhibition of renal
tubular secretion.

* Non-steroidal anti-inflammatory drugs
(e.g. aspirin) and probenecid compete with
methotrexate and penicillin respectively
for the tubular secretion. Concurrent use
of aspirin with methotrexate therefore
potentially results in methotrexate toxicity.
Conversely, probenecid is sometimes
administered with penicillins to prolong their
effects, e.g. in the treatment of syphilis.
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pH * Influences the degree of * Forced alkaline diuresis for treatment of
jonisation of weakly acidic and salicylate overdose — administration of
weakly basic drugs. Changes in IV sodium bicarbonate promotes renal
urinary pH can result in ‘jon- elimination. Un-ionised aspirin, filtered
trapping’, reducing reabsorption by kidney, becomes ionised in alkalinised
in the distal tubule. urinary filtrate, which reduces its
reabsorption.

Activity 1.4
I. What are the most important pathways for drug elimination?

2. Where can excreted drugs be reabsorbed back into the systemic circulation?

Drug monitoring and pharmacokinetics
Half-life of a drug (f,,)

As mentioned at the beginning of this chapter, a drug's journey through the body can be monitored
by measuring the blood concentration of that drug. Once a drug is delivered into the body, it will
start to be absorbed and distributed. At the same time, the drug elimination process also begins.
The changes in blood concentration of a drug reflect its kinetic course in the body.

A key parameter used to describe changes in blood drug concentration is the plasma half-
life t,,, which is the time needed for 50% of the drug in the plasma to be eliminated, or the blood
concentration of a drug to decrease by 50%. Most drugs exhibit first-order elimination kinetics.
This means that the proportion of drug eliminated from the body per unit of time is constant,
which in turn means that the half-life is independent of both the dose and blood concentration of
adrug. As shown in Figure 1.3 (below), more than 95% of an administered drug is eliminated from
the body after a period equivalent to four or five half-lives, following a single intravenous dose.

Changes in any of the relevant pharmacokinetic processes described above will change the
half-life of any drug. Generally, the t, of a drug will be reduced by decreased distribution, such as
lowered protein binding or enzyme induction, and increased by factors such as enzyme inhibition
or impaired liver and kidney function. It is important for prescribers to be aware of such factors,
as it may be necessary to adjust the dose in such circumstances to either maintain therapeutic
efficacy or reduce the risk of toxicity.
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Figure 1.3: The time course of a single drug dose administered intravenously

Multiple doses and plateau levels of plasma drug concentrations
In clinical practice, it is more common to administer drugs with multiple doses at regular
intervals. When a drug is given repeatedly at a fixed dose, and at regular intervals, the amount
of the drug will accumulate in the body. The blood drug concentration will increase until
equilibrium is achieved between the administration (or absorption) rate and the elimination rate.
This is referred to as steady state equilibrium, at which point accumulation of the drug stops and
the plasma concentration remains at a stable level.

In case of first-order kinetics, as the elimination rate of a drug is constant, steady state
of a drug will always be achieved after 4-5 half-lives, regardless of the dose and frequency of
administration. The actual steady state concentration achieved is, however, influenced by factors
such as the size of the dose and the administration rate.

Effects of dose on the steady state concentration

If the administration frequency is fixed, the dose of a drug given per unit of time determines the
steady state plasma concentration, as shown in Figure |4 (below). Higher doses of a drug will
produce a higher steady state plasma concentration.
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Figure 1.4: Steady state level of a drug at different doses given per unit of time

Effects of administration frequency on the steady state
concentration

During the time period between the administration of repeated doses of a drug, all the
pharmacokinetic processes described above (ADME) occur concurrently. Initially, absorption of
the drug predominates and the plasma drug level increases until it eventually reaches a maximum
or peak concentration (Cmax). As absorption is completed, the effects of drug elimination
(metabolism and excretion) become prominent, and the plasma drug level begins to fall. VWhen
the next dose of drug is administered, the plasma level begins to rise once again. When plasma
drug concentration reaches steady state level, the highest and lowest plasma levels reached during
the dosing interval are known as ‘the steady state maximum’ and ‘minimum plasma concentration),
or peak and trough levels respectively.

The steady state level of a drug is determined by both the dose and the frequency of
administration. Figure 1.5 (page 21I) illustrates this, with a fixed dose of a drug given at different
dosing intervals.

In Figure 1.5a,a dose regimen has been chosen that produces peak and trough concentrations
within the therapeutic range at steady state. This means that, at steady state, the drug would be
exerting its desired effect(s) without significant toxicity — although no drug is free of adverse
effects, which may occur even when plasma levels are within the therapeutic window.
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In Figure 1.5b, the same dose of drug is administered at twice the frequency. In this example,
at steady state the peak plasma concentration exceeds the MTC (minimum toxic level), at which
point an unacceptable level of toxicity is likely to be seen.

Figure 1.5¢ shows the same dose of drug being given at half the frequency of that shown in
Figure 1.5a. In this case, the plasma reaches a level within the therapeutic window. However, for a
significant part of the dosing interval, the level is below the MEL (minimum effective level), during
which time there would be no significant beneficial effect from the drug.

Figures 1.5a, 1.5b and 1.5c also show that the administration frequency affects the fluctuation
of plasma drug concentration — in other words, the difference between the peak and trough levels.
The longer the administration interval, the bigger the fluctuation in plasma drug concentration.
The relevance of this is that smoother plasma drug concentration profiles are achieved when the
dosing interval is reduced. As patients are likely to experience more adverse effects at peak plasma
concentrations, the use of modified-release preparations in these circumstances may be helpful,
as the same median plasma level of drug is achieved and peak concentrations are reduced. (Note:
Although modified-release preparations are administered less frequently, they can be considered to
be approximately equivalent to continuous release; so in terms of drug release, dosing can be said
to be more frequent)

MTC MTC
_____________ Cmax [ % T
\ Therapeutic Range Therapeutic Range
Conc Bonp
_________ Cmin_______y MEC RSN Y .

Therapeutic Range

Conc

Figure 1.5: Steady state levels of a drug administered with a fixed dose but at different intervals
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Loading dose

The range of plasma concentration of a drug, at which the pharmacological effectiveness is
achieved but no toxicity appears, is called the therapeutic range of the drug. Dosage regimens
are designed to achieve a steady state plasma concentration that is within the therapeutic range
of a drug. A near steady state concentration is achieved after a period of time equivalent to
4-5 half-lives of the drug. In many clinical situations, the time taken to achieve steady state may
be clinically unacceptable. In such cases, a larger loading dose of the drug is administered in
order to rapidly achieve a therapeutic level of the drug. The loading dose is then followed by
administration of a series of maintenance doses that help to achieve and maintain the therapeutic

level as a steady state, as illustrated in Figure 1.6 (below).
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Figure 1.6: With a loading dose, an effective plasma concentration is achieved more quickly
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Activity 1.5
I. What does the ‘half-life of a drug’ mean?

2. Define the term ‘steady state level of a drug’ and state how long it takes for this
level to be reached, following the start of drug administration.

3. Name two drugs with long half-lives that often require a loading dose to achieve a
therapeutic plasma concentration rapidly.

Summary

This chapter has discussed the processes of drug absorption, distribution and elimination (including
metabolism and excretion). These processes determine the pharmacokinetic profile of a drug. It
is essential to understand the factors that can affect the pharmacokinetics of a drug when designing
appropriate drug administration regimens, selecting appropriate dosage forms and helping prescribers
avoid side effects or toxicities.

Answers to activities
Activity 1.1

I. List the main factors that can affect drug absorption.

Drug absorption can be affected by drug-related factors such as molecular size, lipid solubility, degree
of ionisation, concentration at the absorptive site, and route of administration. It can also be affected
by human body-related factors such as blood flow, absorbing surface area and individual variations.
(For further details, see Table 1.3, p. 6.

2. Explain the term ‘first-pass effect’ and give examples of two drugs that undergo
significant first-pass effect.

First-pass effect is the metabolic process that occurs before an orally administered drug reaches

the circulatory system. A drug showing a high first-pass effect, such as glyceryl trinitrate, will have
significantly reduced bioavailability and may be clinically ineffective if given by a route that has a first-
pass effect. Propranolol is another drug with a high first-pass effect. This means that the [V dose
used for arrhythmia and thyrotoxicosis is typically Img, which is significantly less than the oral doses
of 10—40mg used for these indications.

3. Identify at least three routes of drug administration that avoid ‘first-pass’
hepatic effects.

The following administration routes can avoid ‘first-pass’ metabolism: sublingual, transdermal, rectal
and inhalation.
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Activity 1.2

I. Briefly explain what is meant by the term ‘drug distribution’.

Once a drug enters the main circulation system through an absorption process, it is distributed
into the body fluids, various tissues and organs via the blood. Drug distribution is normally very
fast, and a moving equilibrium is quickly achieved whereby a drug can reversibly move between
the bloodstream and the interstitial tissues or extracellular fluid and/or the organ cells. The
distribution of a drug through the body is not uniform, and its concentration in some tissues
may be high, whilst in others it may be low. Distribution is influenced by a number of factors, as
summarised in Table 1.4 (see p. 9).

2. If a drug’s distribution volume is significantly larger than normal human body
volume, what does that mean?

A large volume of distribution suggests that a drug is widely distributed in the body. Conversely,
a drug with a low volume of distribution may penetrate tissues poorly, and in some cases may be
largely restricted to the circulatory system — for example, if the drug is highly bound to plasma
proteins.

Activity 1.3 (Case study)

|. What is the most likely reason for statin toxicity in this case?

The most likely reason for statin toxicity is an interaction between the clarithromycin and
simvastatin. This interaction may cause a significant increase in plasma statin concentration,
inducing rhabdomyolysis (Lee & Maddix 2001).

2. What is the major enzyme involved in the metabolism of simvastatin?

Several statin drugs, including simvastatin, lovastatin and atorvastatin, are mainly metabolised by
enzyme CYP3A4. If the activity of this enzyme is affected by other drugs, the pharmacokinetic
deposition of the statins will change. For example, if the enzyme CYP3A4 is inhibited, the plasma
levels of the statins will increase, due to reduced hepatic metabolism.

3. What is the potential interaction between macrolide antibiotics and statins?
Macrolide antibiotics, including clarithromycin, azithromycin and erythromycin, are inhibitors of
CYP3A4. Inhibition of this enzyme affects the metabolism of statins, which are substrates for this
particular isozyme. In the presented clinical case, simvastatin toxicity occurred as a result of the
reduced clearance of simvastatin, owing to concurrent use with clarithromycin. This could have
been avoided by withholding simvastatin for the duration of the clarithromycin therapy.

Activity 1.4

|. What are the most important pathways for drug elimination?
The most important ways for drugs to be eliminated from the body include liver metabolism
transformation and intestinal and renal excretion.
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2. Where can excreted drugs be reabsorbed back into the systemic circulation?
Drugs excreted through the kidney and liver can be reabsorbed back into the systemic
circulation through the renal proximal tubule and through enterohepatic circulation respectively.

Activity 1.5

I. What does the ‘half-life of a drug’ mean?
Half-life refers to the time needed for 50% of a drug to be eliminated from the body, or the blood
concentration of a drug to decrease by 50%.

2. Define the term ‘steady state level of a drug’ and state how long it takes for
this level to be reached, following the start of drug administration.

The steady state level of a drug refers to the level achieved when the drug administration rate
(absorption) and elimination rate reach an equilibrium. To achieve the steady state level of a drug
normally requires a time equivalent to 4-5 half-lives. The plasma concentration at steady state is
determined by both the dose size and the administration frequency.

3. Name two drugs with long half-lives that often require a loading dose to achieve
a therapeutic plasma concentration rapidly.

Both digoxin and warfarin have long half-lives. Digoxin’s half-life is approximately 36 hours and
warfarin's is 40 hours. In practice, to get to steady state levels rapidly, an initial loading dose is
administered and then a smaller maintenance dose.
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This chapter:
@® Provides an overview of how drugs produce their effects

® Explains key terms such as receptor, agonist, antagonist and partial agonist, efficacy, potency
and the importance of the loglO dose response curve

@ Discusses how drugs produce their effects after receptor binding.

Infroduction

Chapter | looked at the pharmacokinetics of drug actions or ‘What the body does to the drug.
It covered some of the processes — absorption, distribution, metabolism and excretion (ADME) —
involved in getting a drug into the body and to the site of action.

This chapter will provide an overview of some of the key principles of pharmacodynamics
or ‘What the drug does to the body'. Pharmacodynamics refers to how drugs alter body function
at the cellular level. It addresses the therapeutic as well as the adverse effects of drugs.

Drugs and disease

Disease can be defined as an alteration in normal physiological processes. An important use of
drugs is to treat disease by modifying or reversing changes in physiological processes and returning
the body to its normal homeostatic balance.

For example, diabetes mellitus is a metabolic condition in which blood glucose remains
chronically high. It is due to a lack, or relative lack, of endogenous (internal origin, produced by
the pancreas) insulin that is needed to convey glucose into body cells. Exogenous (external origin,
manufactured) insulin is given to replace depleted or absent insulin so that blood glucose levels
are brought back within normal ranges. Similarly, high blood pressure is treated using a number of
anti-hypertensive agents to return blood pressure (BP) back within normal ranges.
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How drugs produce their effects

Drugs produce their effects in many ways. Classification may vary from one text to another.
Table 2.1 (below) outlines some of these mechanisms: receptor interaction, enzyme inhibition,
interference with transport processes across the cell membrane, by drugs acting as substrates,

and non-specific drug action.

Table 2.1: Mechanisms of drug action

Mechanism

Description

Binding to specific receptors

* Most drugs produce their effects this way, acting as either agonists
or antagonists. Examples of beta-agonists include salbutamol and
atenolol.

Inhibition (blocking) of
enzymes

* Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cyclo-
oxygenase, resulting in the inhibition of prostaglandin synthesis.
Examples of these drugs include aspirin and ibuprofen.

* Angiotensin converting enzyme (ACE) inhibitors prevent conversion
of angiotensin | to angiotensin Il. Examples include captopril,
lisinopril and enalapril.

Interfering with transport
processes across the cell
membrane

Digoxin inhibits Na/K ATPase pump in cell membrane, altering
distribution of ions across the cell membrane, resulting in an
increased calcium ion influx and an enhancement of myocardial cell
contractility.

Calcium antagonists block the entry of calcium into muscle cells,
resulting in dilatation of arteries. Examples include nifedipine,
diltiazem and amlodipine.

Tricyclic antidepressants block the re-uptake of noradrenaline and

other neurotransmitters (serotonin) into the central nerve terminal,
thus increasing their actions. Examples include amitriptyline and
lofepramine.

Drugs acting as substrates

These drugs, such as amphetamines, replace the endogenous
(natural) substance. The drug enters the cell and stimulates the
release of norepinephrine, dopamine or serotonin. Examples
include cocaine and tyramine.

Non-specific drug action

These drugs produce their effects by their physicochemical (both
physical and chemical) properties. An example is mannitol, which
raises plasma osmotic pressure and acts as an osmotic diuretic.
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Drug-receptor interaction

Drugs can produce their effects by means of a number of different mechanisms (see Table 2.1
above). However, by far the most important mechanism is drug—receptor interactions. Receptors
are protein molecules located on the cell membrane, cytoplasm or nucleus (see Figure 2.1 below)
and they play a key role in the way drugs act on the body.

One of the first, and possibly best studied, is the nicotinic acetylcholine receptor. These
were originally obtained from the electric organs of the Torpedo ray, which has an abundant
supply of these receptors (Rang et al. 2011).

Another important term is ‘ligand’. This is a molecule or chemical that binds specifically (and
usually reversibly) to another molecule or chemical, forming a larger complex. In a pharmacological
context, a ligand can be defined as a molecule or chemical, such as a hormone, neurotransmitter
or drug, that binds to a receptor.

Cytoplasm Receptor: e.g. Steroid
and thyroid hormones.

Cytoplasm

A

\

Cell Membrane Receptor:
e.g. Noradrenaline and
Nucleus insulin.

Cell Membrane

Nuclear Receptor: e.g. Steroid and thyroid hormones.
Activation/suppression of DNA transcription

Figure 2.1: Receptor locations within a cell

Receptors

Over the last 35 years, our understanding of receptors has developed from that of theoretical
concepts to real entities, with the use of receptor-labelling techniques, which later enabled the
isolation, purification and now cloning of receptors.

Currently four main types of receptors have been identified (see Figures 2.2a, 2.2b, 2.2c and
2.2d). Although it is outside the scope of this book to examine these in any depth, the following
section will provide a useful overview of their existence, as they are frequently referred to in both
the pharmacological literature and the British National Formulary (BNF).
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Ligand-gated ion channel receptors

These consist of subunits of proteins and an example is the GABA (Gamma amino butyric acid)
receptor. Benzodiazepines, such as diazepam, bind to GABA-linked receptors in the brain, increasing
the action of the endogenous neurotransmitter GABA, producing sedation and reducing anxiety as
a result. Another example is nicotinic receptors in skeletal muscles. Normally, acetylcholine binds to
these receptors, resulting in an opening of sodium channels, which results in muscle contraction. Muscle
relaxants used in anaesthesia prevent acetylcholine from producing this effect, resulting in paralysis.

Ligand \A

Extra Cellular

Cell Membrane

Intra Cellular

®

Ligand

| h |
Extra Cellular on Channe

Cell Membrane

Intra Cellular

<+—— Jon Flux

@ v

Figure 2.2a: Example of a ligand gated ion channel receptor — a multi-subunit
protein receptor located in the cell membrane:
(1) Binding of a ligand (such as acetylcholine); (2) Binding results in the ion channel opening

G-protein coupled receptors (GPCRs)

This is a large and diverse family of transmembrane receptors that are a common target for
therapeutic drugs. When the ligand binds to the receptor, G-protein is activated, which controls the
action of the second messenger (the signalling molecules that produce physiological changes within
the cell as described in Figure 2.2.b below). Examples of drugs that exert their effect in this way are

salbutamol, atropine and noradrenaline.
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G Protein
Cellular Receptor

Extra Cellular

Cell Membrane

Intra Cellular U u u

o g

GTP GDP

Figure 2.2b: With G-protein coupled receptors, the drug (e.g. salbutamol) combines and activates
the G-protein receptor (guanosine triphosphate - GTP) and guanosine diphosphate (GDP) molecules
bind to the receptor. Activation of G-protein stimulates the production of a second messenger such
as cyclic adenosine monophosphate (cAMP), which brings about a change in the cell

Kinase-linked receptors
Examples of kinase-linked receptors include receptors for insulin, growth factors and peptide

\4

hormones.

P Insulin

Extra Cellular

Cell Membrane

Intra Cellular

Effect: allow glucose
to enter the cell

Figure 2.2c: This diagram shows a schematic example of a kinase-linked receptor. On binding,
insulin induces a change in the structure of the tyrosine kinase receptor, causing a cascade of other
changes that will eventually lead to glucose entering the cell
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Nuclear receptors

Nuclear receptors are extremely important for drug targets and account for about 10% of the
biological effects of prescription drugs. Examples include vitamin D, thyroid and steroid hormones.
These substances are lipid-soluble so they pass through the cell membrane and bind to receptors
within the cell. For example, a steroid hormone binds to the receptor, the receptor—hormone
complex alters gene expression and turns the genes on or off. The activated receptor complex will
direct the formation of a new protein, which will in turn alter the cell's activity.

Steroid

Receptor

DNA

mRNA
Receptor complex activates
or suppresses DNA transcription

New protein alters
cell function

Figure 2.2d: This diagram shows a nuclear receptor, demonstrating the mechanism of action
of a lipid-soluble hormone such as a steroid hormone (e.g. cortisol, oestrogen)

Having identified some common types of receptors that drugs bind to, the following section will briefly
review different types of drugs and their interactions with receptors when they bind to them.

Agonists, antagonists and partial agonists

Many processes in the body are controlled by chemicals such as hormones and neurotransmitters.
When these endogenous chemicals are bound to a receptor; they direct a change to occur in the cell, which
alters the physiological and metabolic activity of that cell. For example, noradrenaline is an endogenous
neurotransmitter that is released from one neurone, crosses the synapse and binds to several different types of
receptors (see Figure 2.3 below) on the postsynaptic membrane of ancther neurone or musde cell, producing
a response. Many drugs (exogenous substances) have a similar structure to these endogenous chemicals, thus
allowing them to bind to these receptors.
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Noradrenaline (NA)
vesicle
— e
_ Mitochondrion -
@ Woamine oxidase (MAO)

Adrenergic Neurone

receptor
NA molecule

a a
4[1 f Bf jz Postsynaptic
Membrane
Receptor subtypes

Figure 2.3: This diagram shows noradrenaline binding to two types of receptors — alpha (o) and
beta (B). Subtypes for o. and B receptors are also shown
When a drug binds to a receptor, it acts as an agonist, antagonist or partial agonist (see Table 2.2a).

Table 2.2a:
Drug activities: Agonists, antagonists and partial agonists

Classification Definition

Agonist A drug that binds and activates the receptor to produce a physiological
response. For example, salbutamol (a beta-2 agonist) binds to and
activates beta-2 receptors in the bronchiolar smooth muscles, producing
bronchodilation.

Antagonist (blocker) | A drug that binds to a receptor but does not activate it. In other words, it
blocks the receptor site, preventing the endogenous substance from gaining
access to the receptor site. For example, a selective beta-blocker blocks
beta-| receptors in the heart, reducing the heart rate; and ranitidine blocks
H-2 (histamine) receptors in the gastrointestinal tract, reducing gastric acid and
promoting healing of duodenal and gastric ulcers.

Partial agonist This is a drug that can either activate or block the receptor site. Partial
agonists produce a submaximal response, unlike an agonist that produces a full
response. Examples include buprenorphine and buspirone
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Activity 2.1

Complete Table 2.2b (below) by writing each of the following drug classifications in one
of the left-hand boxes, beside its corresponding description.

Drug classifications: agonists, partial agonists, antagonists.

Table 2.2b: Definition of agonists, antagonists and partial
agonists

Classification Description

a) Binds tightly to receptor site, producing near maximal
activity possible at that site. An example is morphine.

b) Binds to receptor site less tightly than a pure agonist,
producing a submaximal effect. An example is
buprenorphine.

9) Binds tightly to receptor site, stopping or blocking activity
at that site. An example is naloxone.

Partial agonists

As indicated earlier, a drug’s ability to activate a receptor is not an “all or nothing’ response - in other
words, an agonist stimulates and an antagonist blocks receptors. In fact, stimulation of the receptor
often results in a graded response. This means that if chemically related agonists are tested on the same
biological system, the maximal response rate will be variable. This means that if chemically related agonists
are tested on the same biological system, the maximal response rate will be variable. Some will produce
a maximal response and therefore demonstrate the characteristics of a full agonist, while others will only
produce a submaximal response. A partial response demonstrates the characteristic of a partial agonist
or antagonist. The key point is that the difference between a full agonist and a partial agonist is determined
by how many of the receptors are occupied by the drug, and the degree to which the drug activates the
receptor and leads to a cellular response.

Antagonists

As mentioned previously, antagonists bind to receptors and block the effects of natural agonists. For
example, atropine binds to muscarinic receptors in muscles and stops acetylcholine (@ natural agonist)
accessing the receptors. Most antagonists are competitive, which means the drug binds reversibly with the
receptor. If the concentration of the agonist is increased, the effect of atropine (antagonist) can therefore
be overcome. Irreversible antagonists, such as phenoxybenzamine, will bind irreversibly to smooth muscle
alpha-adrenoreceptors. In this case, even if the agonist concentration is increased, the effects of the
antagonist cannot be overcome.
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Binding of the drug to the receptor site -
affinity, specificity and efficacy

For a drug to bind to a receptor, the drug must be attracted to the receptor and have a suitable
shape so that it can fit into the receptor site. Receptors in turn are specifically designed to recognise
specific chemical forms (an endogenous substance or a drug) and bind to them selectively. In short
drugs or endogenous substances have the ability to combine selectively with one particular type
of receptor. This important property of receptors is known as specificity. For example, alpha- and
beta-adrenergic receptors recognise and bind to adrenaline and noradrenaline molecules but will
not bind to, for example, oestrogen or dopamine. These receptors will also recognise and bind
exogenous adrenaline-like chemicals such as salbutamol. Salbutamol is a beta-2 agonist which binds
to beta-2 receptors on smooth muscles producing bronchial dilatation and is used in the treatment
of asthma. That said, readers should be aware pharmaceutical companies do design some drugs
specifically to bind to several molecular targets so that they can be used in the treatment of a
range of conditions. For example, bromocriptine binds to a number of receptors (e.g. serotonin,
dopamine, alpha- and beta-adrenergic) and is used in the pharmacological management of
conditions such as Parkinson's, diabetes and acromegaly.

Another important property of receptors is affinity, which refers to how tightly the drug
binds to its receptors. This is largely determined by the type of bond that forms between the drug
and the receptor. For example, morphine is an agonist that binds tightly and reversibly to opiate
receptors, activates the receptor and produces an effect. Morphine is therefore said to have
affinity and efficacy because it binds to the receptor site and produces a response. On the other
hand, an antagonist, such as atenolol, will bind to beta receptor sites so have affinity but as it will
not activate the receptor it has no efficacy.

Receptor subtypes

Cloning techniques have revealed many different types and subtypes of receptors in the body.
It is important to identify these subtypes because the type of response that is produced by the
drug or natural chemical depends on the subtype of receptor that it binds to. For example,
noradrenaline (a natural substance) binds to many subtypes of receptors in the body, producing
a range of different responses (see Figure 2.3, p. 33). Meanwhile a drug like propranolol, used
to treat conditions such as anxiety and hypertension, selectively blocks just beta-| and beta-2
receptors, and not alpha-| and alpha-2 receptors. Indeed, the discovery of the existence of the
many receptor subtypes explains why some drugs such as selective serotonin reuptake inhibitors
(SSRIs) produce so many side effects like nausea, vomiting, diarrhoea and constipation.

Receptor subtypes are also differently distributed in certain tissues. For example, beta-I
receptors are mainly found in the heart and intestinal smooth muscle, while beta-2 receptors are
largely in the bronchial, uterine and vascular smooth muscles.
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Our understanding of receptor subtypes is continually advancing, and drugs are being

developed that are selective for particular subtypes. For example, there are now beta-blockers,

such as bisoprolol, that are more selective for beta-| receptors, to reduce the side effects mediated

by beta-2 blockade in the management of hypertension. In summary, it is important to recognise
that the response produced is determined by the receptor subtype that the ligand (whether

endogenous or exogenous) binds to.

Common drugs used to block or stimulate receptor subtypes
Clinically, it isimportant to be familiar with the location and function of different receptor subtypes,

as many drugs are prescribed that either block or stimulate them. Some common subtypes are

identified in Table 2.3 (see page 36).

Table 2.3: Examples of receptor subtypes

Receptor subtypes

Examples of drugs used to stimulate
or block receptors

¢ Adrenergic receptors:
alpha-1, alpha-2
beta-1, beta-2

* Propranolol blocks beta-| and beta-2 receptors in the
myocardium, reducing heart rate and contractility.
Used in hypertension and angina.

Doxazosin blocks alpha-| receptors in blood

vessels, producing vasodilation. Used in treatment of
hypertension.

Salbutamol stimulates beta-2 receptors on smooth
muscles in bronchi, producing bronchodilation. Used in
asthma.

Clonidine stimulates alpha-2 receptors in the brain
stem, thus reducing the sympathetic nervous system
outflow. Used in hypertension.

* Cholinergic receptors — bind
acetylcholine

* Muscarinic receptors:
Ml (neural, glandular), M2 (cardiac), M3
(glandular), M4 and M5 (neural)

* Nicotinic receptors:
NI, N2

Atropine is a muscarinic antagonist that blocks

the effect of acetylcholine. It is used to block the
parasympathetic nerve. Resulting effects include:
increased heart rate (M2) when used in the
management of bradycardia; reduced bronchial

and gastrointestinal secretions (MI) when used as a
pre-med in surgery; dilation of the pupils (M3) as an
adverse effect.

Galantamine is used in the treatment of dementia to
increase levels of acetylcholine in the brain. It achieves
this by inhibiting the action of acetylcholinesterase.
Galantamine also acts on nicotinic receptors in the

brain to increase the release of acetylcholine.
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* Serotonin receptors

* 5-hydroxytryptamine

* Subtypes:
5-HT,, ,, ;and

5

* 5-HT antagonists, such as ondansetron (5HT,) and
granisetron (5HT,), are used to treat nausea by
blocking the effect of serotonin in the gastrointestinal
system and the vomiting centre in the medulla. These
drugs are strong anti-emetics, which is useful in
patients receiving cytotoxic drugs such as cisplatin,
which releases 5-HT.

* Histamine receptors
* Subtypes:
Hw H2 and H3

* H, (gastric) antagonists, such as cimetidine and
ranitidine, reduce gastric acid production by blocking
the effect of histamine on the parietal cell. Used in the
treatment of peptic ulcer.

* H, antagonists, such as cyclizine, are used to treat
extreme nausea. H, receptors are mainly located in
the bronchioles and gastrointestinal smooth muscles.
Other examples of drugs that target these receptors
are antihistamines such as bilastine and cetirizine.

* Dopamine receptors

There are five subtypes of dopamine
receptors (DI, D2, D3, D4 and D5). DI
is the most abundant in the CNS then D2
followed by D3, D4 and D5.

These can be further subdivided into:

* Dl-like receptors (DI, D5)

* D2-like receptors (D2, D3, D4)

Neuroleptics, such as fluphenazine, are antagonists at
D, receptors.

Neuroleptic drugs also block other receptor types such
as muscarinic, alpha-adrenoreceptors and 5-HT; hence
the many side effects associated with these drugs. See
Chapter |7 for detailed pharmacology of these drugs.

Dose-response curve -

potency and efficacy

Using experiments that observe the effect of increasing concentrations of a drug on a tissue, the

response of the tissue can be plotted against the concentration of the drug. In pharmacology,

the response is usually plotted against the dose using a loglO (logarithmic) scale and most drugs

typically show a sigmoid dose-response curve (see Figure 2.4 below).
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Figure 2.4: This graph shows the drug—dose-response curve for different strengths of a strong
antagonist (Drug X) and a weak antagonist (Drug Y)
The response to the drug is related to the dose; an increased dose leads to a greater response
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Figure 2.4 shows the following characteristics:

The maximum (20—80%) response is on the steepest part of the curve
(the straightest section).

At a low concentration of a drug, a small response is elicited, e.g. points A—B.

At a higher concentration of a drug, an increase in dosage produces a much greater
response, e.g. points B—C. At points C—D, saturation is approached.
The graph shows that both drugs produce the same maximum response — in other words,

the same efficacy.

The graph also illustrates that drug X is more potent than drug Y because it produces the
same response as drug Y, but at a lower dose. For example, compare point A to point E.

In summary, the dose-response curve is a very important tool that gives information about the

potency and efficacy of agonists and antagonists.

Activity 2.2

Complete Table 2.4 (below) by writing each of the following terms in one of the left-hand
boxes, beside its corresponding definition.

Terms: specificity, affinity, efficacy, potency.

Table 2.4

Term used to describe drug’s action |Definition
at a receptor site

2)

A term for the strength of a drug, where the greater the
strength, the smaller the amount of the drug that has to
be present to produce the desired effect.

b)

The ability of a drug to produce a response when it
binds to a receptor.

The ability of a drug to combine with one particular
type of receptor. Examples of receptors: acetylcholine,
histamine and adrenoreceptors.

d)

The strength of attraction between a drug and a
receptor.
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Activity 2.3

Answer the following questions:
a) An agonist has affinity and efficacy at a receptor. TRUE/FALSE
b) An antagonist has affinity but no efficacy. TRUE/FALSE

Activity 2.4

Study Figure 2.5 and answer the following questions.

I. Look at the binding between the receptor and drug in the diagram. If the drug is to
achieve an effect, what essential criteria must it have in common with an endogenous
substance?

2. Name a drug that is an agonist and outline its therapeutic response.
3. Name a drug that is an antagonist and outline its therapeutic response.
4. How could the therapeutic response in question 3 be restored to normal?

5. Antagonists are termed ‘reversible’ or ‘irreversible’. What is meant by these terms?

ﬁ .
—> Reeponss
G— p

Drug Receptor Drug-Receptor complex

ﬁ NO
3 PR ’ I Response

Drug Receptor /

Drug 2

Figure 2.5: Drug—receptor interaction
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How drugs achieve their effects on the cell after
they bind to receptors

Second messenger systems

When drugs bind to receptors, they cause alterations in the conformation (three-dimensional
shape) of the receptor, to produce changes in the cell. This is, in short, a drug response. Second
messenger systems are chemicals that strengthen the signals from the receptor on the cell
surface and then stimulate changes in the cell's activity. The best-known and most studied second
messenger system is the cyclic adenosine monophosphate (CAMP) system. Others include inositol-
[,4,5-trisphosphate (InsP3), calcium and diacylglycerol (DG) system.

v Salbutamol (1%t Messenger)

Extracellular

Cell
Membrane

Cytoplasm y Adenylate Cyclase

Phosphodiesterase

(2nd Messenger)
cAMP @

Protein kinases

A 4

Phosphorylation of myosin
(reduced ic calcium)

A

Bronchodilation (altered cell response)

Figure 2.6: This diagram shows a second messenger system:
cAMP increases the activity of protein kinases, which causes the phosphorylation of myosin (muscle

protein), reducing intracellular calcium and leading to bronchodilation
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How does it work?

The drug acts as a ‘first messenger’ and activates the enzyme adenylate cyclase, which stimulates
the production of a ‘second messenger’ (cAMP). Cyclic adenosine monophosphate alters the
activity of appropriate cellular enzyme systems to produce cell responses, such as a change in
protein synthesis. For example, salbutamol is a beta-2 agonist used in the treatment of asthma.
Salbutamol (first messenger) binds to the receptor (beta-2 receptor), activates it and increases
levels of adenylate, which inturn enhances the production of cAMP (second messenger). The cAMP
then activates more enzyme systems to produce a cellular response — in this case bronchodilation.
The enzyme phosphodiesterase will then terminate the effects of cAMP (see Figure 2.6).

Receptor up and down regulation

Many drugs are used for their short-term effects. An advantageous property of such drugs is
that they can rapidly come off the receptors after they have achieved their effect and then be
eliminated from the body as quickly as possible. This reduces their capacity to cause toxicity.
Examples are diamorphine, which is used to relieve the pain of coronary heart disease, and the
inhaler salbutamol for treating severe acute asthma.

Receptor down regulation

Some drugs are given for their long-term effects. Examples are the use of L-dopa in Parkinson's
disease and opioids in the management of chronic pain. When tissues are continually exposed to
agonist drugs, the number of receptors decreases. This is known as receptor down regulation. In
this case, the receptors are internalised by endocytosis, which has the effect of making the tissue
less responsive to the drug.

Activity 2.5

If an asthmatic patient uses a bronchodilator such as salbutamol excessively, what is the
likely outcome with regard to efficacy and side effects?

Receptor up regulation

When tissues are continually exposed to antagonist drugs, new receptors are formed. This is
called receptor up regulation (the reverse of receptor down regulation). The effect is to increase
the sensitivity of the target cells, and increase the number of cell receptors for binding agonists.
For example, if beta-blockers continually block beta-receptors, these receptors will increase their
sensitivity to the endogenous agonists (i.e. adrenaline and noradrenaline), due to the formation
of new receptors. The clinical implication is that the patient is likely to experience rebound
hypertension on sudden discontinuation of a beta-blocker.
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Summary

@ Pharmacodynamics refers to the effects the drug has on the body — both therapeutic and adverse
effects.

® Drugs can produce their effects in many ways but most drugs act by binding to specific receptors.

@ There are many types and subtypes of receptors. The type of response that is produced by the
drug or natural chemical depends on the type of receptor that it binds to.

@ Agonists activate receptors and produce a cellular response.

@ Antagonists combine with receptors but do not activate them and therefore block the effect of
endogenous agonists.

@ Partial agonists bind to receptor sites less tightly than pure agonists, producing a submaximal effect.

® Most drugs bind reversibly to receptors.

® A drug must have an affinity for the receptor to achieve a therapeutic effect. A drug’s affinity
means how strongly it binds to the receptor.

@ Efficacy is a drug's ability to produce an effect at a receptor.

@® Many drugs produce a change in the cell by stimulating the production of second messengers
such as cAMP and IP3.

@ The dose response curve is a very important tool. It gives information about the action, potency

and efficacy of drugs such as agonists and antagonists.

Answers to activities

Activity 2.1
Complete Table 2.2b (below) by writing each of the following drug classifications
in one of the left-hand boxes, beside its corresponding description.

Drug classifications: agonists, partial agonists, antagonists.

Table 2.2b: Definition of agonists, antagonists and partial

agonists

Classification Description

a) Agonist Binds tightly to receptor site, producing near maximal activity possible at that
site. An example is morphine.

b) Partial agonist Binds to receptor site less tightly than a pure agonist, producing a submaximal
effect. An example is buprenorphine.

) Antagonist Binds tightly to receptor site, stopping or blocking activity at that site. An
example is naloxone.
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Activity 2.2

Complete Table 2.4 (below) by writing each of the following terms in one of the left-
hand boxes, beside its corresponding definition.
Terms: specificity, affinity, efficacy, potency.

Term used to describe Definition

drug’s action at a receptor

site

a) Potency The amount of drug that has to be present to produce the desired

effect. The greater the potency, the smaller the amount of the drug
that has to be administered.

b) Efficacy The ability of a drug to produce a response when it binds to a
receptor.
¢) Specificity The ability of a drug to combine with one particular type of receptor.

Examples of receptors: acetylcholine, histamine and adrenoreceptors.

d) Affinity The strength of attraction between a drug and a receptor.

Activity 2.3

Identify the correct answer to the following questions:
a) An agonist has affinity and efficacy at a receptor. TRUE
b) An antagonist has affinity but no efficacy. TRUE

Activity 2.4

l. Look at the binding between the receptor and drug in the diagram. If the drug is to
achieve an effect, what essential criteria must it have in common with an endogenous
substance?

It must have a similar structure and it must have affinity.

2. Name a drug that is an agonist and outline its therapeutic response.

Morphine attaches to a mu receptor (drug receptor complex), abolishing or reducing pain. Other

examples, such as benzodiazepines (e.g. diazepam), bind to GABA receptors in the brain, reducing
anxiety.

3. Name a drug that is an antagonist and outline its therapeutic response.
Atenolol (beta-blocker) binds to beta-1 receptors in the heart, reducing heart rate and contractility.

4. How could the therapeutic response in question 3 be restored to normal?
By increasing the concentration of the agonist.
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5. Antagonists are termed ‘reversible’ or ‘irreversible’. What is meant by these terms?
A reversible drug binds briefly and transiently to the receptor (weak bond). The effect can be
reversed by increasing the amount of the natural agonist. Most competitive antagonists are
reversible. An irreversible drug binds tightly to the receptor (strong bond, e.g. covalent). Its effect
cannot be reversed. Wait for elimination of the drug from the system.

Activity 2.5

If an asthmatic patient uses a bronchodilator such as salbutamol excessively, what
is the likely outcome with regard to efficacy and side effects?

Reduced efficacy secondary to receptor down regulation with prolonged use. Possible side effects
include fine tremor, tachycardia, headaches and nervous tension. These adverse effects are generally
not seen at the dosage used to stimulate bronchodilation.
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This chapter:

@ Discusses the concept of adverse drug reactions and drug side effects

® Explains the classification of adverse drug reactions

® Outlines drug interactions and their potential risk of causing adverse drug reaction
@ Explains the procedures used to prevent adverse drug reactions

® Discusses the concepts behind adverse drug reaction reporting mechanisms.

Infroduction

Drug therapy is an important treatment modality used for various clinical conditions. The
pharmacological activities of drugs are beneficial in treating different pathological disorders to
relieve clinical symptoms. However, drugs not only have beneficial therapeutic effects; they may
also produce side effects or cause adverse reactions. Adverse drug reactions (ADRs) or side
effects are common. A UK-based prospective observational study has shown that 6.5% of hospital
admissions are related to adverse drug reactions (Pirmohamed et al. 2004).

However, many of these incidents are avoidable. Prescribers have to consider the risk benefit
ratio before prescribing a particular drug, and be aware that any patient taking regular medication
may develop an adverse reaction. Healthcare professionals should know how to monitor, recognise
and manage adverse drug reactions or side effects, and this may involve stopping or changing the
drug before harm is done to patients.
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Adverse drug reactions and side effects

The terms ‘adverse drug reactions’ (ADRs) and ‘side effects’ (SEs) are commonly used to describe
unintended effects following administration of a drug, Although ADRs and SEs are frequently used
interchangeably, there are differences in definition between the two terms.

According to the World Health Organisation (WHO) and the Medicines and Healthcare
Products Regulatory Agency (MHRA), the UK medicine regulation authority, ADRs can be defined as
‘unwanted and harmful reactions occurring after the administration of a drug or combination of drugs
under normal conditions of use and at normal doses, which are suspected or known to be related to
the drug or combination of drugs.

The European legislation, EU Directive 2010/84, extends the definition of the term ‘adverse
drug reaction’ to cover noxious and unintended effects resulting from medication errors and uses
outside the terms of the marketing authorisation, including the misuse and abuse of medicinal
products.

Side effect generally means ‘those unintended effects of a drug administered under normal
conditions of use and at normal doses, which are related to the pharmacological properties of the
drug’ A side effect is usually an extension of the drug's pharmacological actions, but the effects
are secondary to the one intended for the drug to work in the body. When discussing side effects,
it is important to consider the range of a drug's pharmacological actions. For example, atropine,
as an anti-muscarinic agent, exerts a wide range of pharmacological actions. When used to treat
bradycardia, atropine may cause a dry mouth. Atropine has also been used therapeutically to treat
hypersalivation, and patients receiving atropine for hypersalivation may experience tachycardia as
an unintended effect of this treatment. An observed pharmacological effect may therefore be the
desired ‘therapeutic effect’ in one context and a ‘side effect’ in another, depending on what a drug
is being used for.

Classification of adverse drug reactions

There are many different ways to classify various adverse drug reactions. The most commonly
accepted categorisation method classifies ADRs into type A (augmented) or type B (bizarre).
This was first proposed in the 1980s (Rawlins & Thomson 1985). The key difference between the
two types of ADRs is that type A reactions are augmented effects of the drug’s pharmacological
activities, while type B reactions are idiosyncratic effects that are not directly related to the drug’s
pharmacological activities.

Type A ADRs are therefore dose-dependent and predictable; type B ADRs are neither
predictable nor dose-dependent. Type A ADRs are side effects that are normally associated with
high morbidity and low mortality. In contrast, type B ADRs are often severe or bizarre reactions and
are associated with low rates of morbidity but potentially high rates of mortality. The immune system
is commonly involved in type B ADRs. Type A adverse reactions are more common than type B
reactions and account for 80-90% of all reactions (Pirmohamed et al. 1998, Einarson 1993).
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Later, more types of ADRs were proposed, based on the features and characteristics of the
reactions. As shown in Table 3.1, some ADRs are also categorised as type C, D and E, which each
have some specific features or characteristics. More recently, it has been suggested that dose-related,
time-related and susceptibility factors (DoT’S) should be taken into account for classification of ADRs

(Aronson & Ferner 2003).

Table 3.1: Classification of adverse drug reactions

Type

ADRs

Definition

Examples

A

Augmented
pharmacological
effects

Exaggerated normal
pharmacological activities at
usual therapeutic dose
Dose-dependent
Commonly seen

High morbidity and low
mortality

* Opioid-induced respiratory depression
* Warfarin-associated bleeding

* Anti-diabetic-related hypoglycaemia

* Beta-blocker-associated bradycardia

B Bizarre effects | * Novel and unexpected * Penicillins causing anaphylaxis
reaction * Chloramphenicol-induced bone marrow
* Not related to drug’s normal | suppression
pharmacological activities
* Uncommon
* Not dose-related
* Low morbidity and
potentially high mortality
C Chronic * Occurring after continuous | * Bisphosphonate-related osteonecrosis of
continuing and long-term therapy the jaw
reactions * Persist for a relatively long * Neuroleptic-induced tardive dyskinesia
time
D Delayed effects | ® Occurring some time or even | * Lomustine causing leucopenia
a long period after the use of | ¢ Diethylstilbestrol-associated cervical
a medicine and vaginal adenocarcinoma in female
offspring exposed in-utero
* Isotretinoin-associated teratogenesis —
craniofacial malformations in infants
E End-of-use * Occurring on discontinuation | ® Insomnia, anxiety and perceptual
reactions of therapy disturbances following the withdrawal of

benzodiazepines
* Adrenocortical insufficiency after long-
term and/or repeated steroid therapy
Seizures following withdrawal of long-
term anticonvulsant treatment
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Activity 3.1

Adverse drug reactions are mainly classified into reactions related to the main
pharmacological action of the drug (type A) and reactions that are unpredictable and are
not dose-related (type B).

Complete the table below, using the key words and phrases provided in the box.

Type A adverse drug reactions | Type B adverse drug reactions

Predictable or unpredictable

Dose-dependent

Augmented or Bizarre

Morbidity

Mortality

Incidence

Example

Keywords and phrases

High mortality; Low mortality; Unpredictable; Yes; Uncommon; Common; No; Predictable;
Insulin — causing hypoglycaemia; Bizarre; Associated with inherited abnormalities;
Augmented; Warfarin — producing bleeding; Often involves hypersensitivity reactions, e.g.
penicillin — anaphylaxis; Chloramphenicol — produces bone marrow suppression; Beta-blocker
— causing bradycardia; High morbidity; Low morbidity; Opioids — respiratory depression

Therapeutic index and ADRs

Drugs that have a low therapeutic index (which means there is little difference between the
therapeutic dose and the toxic dose) are often associated with dose-related adverse drug
reactions. These include some of the most commonly prescribed drugs, such as anticoagulants
(e.g. warfarin), hypoglycaemic drugs (e.g. insulin), antiarrhythmics (e.g. digoxin), aminoglycosides
(e.g. gentamicin), cytotoxic drugs (e.g. methotrexate) and xanthines (e.g. theophylline).

Hypersensitivity reactions

In many instances, the reasons and mechanisms for type B ADRs are not clear. However, these
ADRs are often related to allergic and genetic factors. The most common problems involve
hypersensitivity reactions. These reactions occur in a minority of patients who receive the drug,
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and the seriousness of the reaction is sometimes unrelated to the dose. It is most likely to occur in
patients with a history of atopic disease such as hay fever, asthma and eczema.

Hypersensitivity reactions imply previous exposure to a drug that triggers an immune

response, which is usually the production of specific antibodies. When the individual is exposed to

the same drug a second time, an immunological reaction may occur — in the form of a skin rash,

joint pain or anaphylactic reaction — due to the binding of the drug and the specific antibodies.

Anaphylaxis is one of the most serious allergic reactions caused by drugs and can be potentially

fatal if not treated promptly.

In the light of all this, simply asking a patient whether they are allergic to the drug you are

about to prescribe or administer is a very important part of the nurse’s role. Hypersensitivity

reactions are normally classified into four different types as shown in Table 3.2 (below).

Table 3.2: Types of hypersensitivity reactions

Reaction
type

Hypersensitivity reactions

Examples

Type |
Immediate

* On first exposure to drug, antibody becomes
attached to surface of mast cells.

On second exposure, the drug interacts with
antibodies (IgE) that are fixed onto mast cells,
triggering the release of histamine, inducing
anaphylaxis.

Penicillin
lodine-based contrast media

Type Il
Cytotoxic

On first exposure, antibody attached to
surface of red cells.

On second exposure, antibody and drug
combination on surface of red blood

cell activates complement, resulting in
destruction/lysis of red cells. White cells may
also be destroyed. Outcome depends on
blood cells involved in reaction.

Methyldopa
Clozapine-induced
agranulocytosis

Type lll
Serum sickness

Antibody and antigen combine in the
circulation forming an immune complex. This
complex stays in the circulation or in the tissue,
activating complement which then stimulates
inflammation. The inflammatory response
damages the walls of blood vessels or tissue
complex becomes lodged in tissues such as the
joints and kidneys.

* Resulting symptoms include: rash, fever
arthritis, swollen lymph nodes.

Gold or penicillamine therapy
used in rheumatoid arthritis
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Table 3.2 continued

Reaction Hypersensitivity reactions Examples

type

Type IV * T-lymphocytes react with the drug to stimulate | * Gold therapy (serious rashes)
Rashes an inflammatory response. This type of * Ampicillin (mild rashes)

reaction may be delayed for at least 12 hours
and usually causes rashes, contact dermatitis
and eczema.

* Most are non-life threatening but toxic
epidermal necrolysis (an inflammatory skin
condition resulting in breakdown of the skin)
can occur very rarely. This is associated with a
35% mortality rate.

How to identify adverse drug reactions

As discussed earlier, different types of ADRs may show some specific symptoms that are helpful for

identification. Patients may also tell you about undesirable symptoms they have experienced after

taking a particular medicine. Healthcare professionals should be alert to the possible occurrence of

ADRs. ADRs due to current or previously prescribed drug treatment (including herbal products

and over-the-counter drugs) should be considered and excluded as possible causes of the patient’s

presenting signs or symptomes.

To help identify potential ADRs, healthcare professionals should be alert to the following:

@ Unexpected or suspicious symptoms, such as asthma, skin rash, headache, dizziness, nausea,
vomiting or diarrhoea

® Changes in clinical observations, including temperature, heart rate, blood pressure, blood
glucose level and body weight

@ Patients’ complaints regarding their drug(s) therapy

® Abnormalities in biochemical or haematological tests, including blood profile, liver function
profile and kidney function profile.

Reporting adverse drug reactions —

The Yellow Card Scheme

The Yellow Card Scheme is an important ADRs reporting procedure, which is managed by the
MHRA in the UK. Healthcare professionals and patients can report any potential ADRs, even if
causality has not been fully established. In other words, only a reasonable level of suspicion is required.
A Yellow Card report should be completed for:

@ Any reaction, minor or major, suspected to be associated with use of a drug or vaccine
highlighted by an inverted black triangle symbol (¥), i.e. drugs that are new to the market.
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@ Serious reactions suspected to be due to any established drug or vaccine (including over-the-
counter and herbal medicines). Serious reactions are those that:
Are fatal
Are life-threatening
Are disabling
Are incapacitating
Can result in, or prolong, hospital admission
Are medically significant

Can lead to congenital abnormalities.

@ Reactions associated with areas of special interest that include:
ADRs in children
ADRs in the elderly
Biologicals and vaccines
Delayed drug effects
Congenital anomalies
Herbal products.
For further details, see: https://yellowcard.mhra.gov.uk/the-yellow-card-scheme/ (last accessed 22
September 2020).
The following essential pieces of information need to be included in the Yellow Card report:
@ The suspect drug(s) — including details of dose, route, date(s) of administration
@ Suspect reaction(s) — including a diagnosis if appropriate, details of onset, severity, treatment
given and outcome
@ Patient details — sex, age, weight if known, local identifier such as hospital or practice reference
number
@ Reporter’s name and full address to contact for further information if necessary.
ADRs should be reported whether they occur under conditions of ‘normal’ use or as a result
of error, misuse/abuse, or off-label use. The MHRA collates the information from Yellow Card
reports and carries out further assessment on the suspected ADRs to identify any emerging
patterns to evaluate the potential risk. Whenever necessary, action will be taken to ensure that
medicines are used in a way that minimises risk while maximising patient benefit.

Drug interactions

Drug interactions occur when the pharmacological effect(s) of a drug are altered by other drug(s) or
other substances, such as food, co-administered with the drug. This modification is not necessarily
harmful, and may be exploited therapeutically.
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For instance, antihypertensive medicines are often combined in the treatment of high
blood pressure. Combined use in this manner results in a better balance between the desired
therapeutic effect and side-effects than the use of a single agent at a higher dose. However,
drug interactions also contribute to the increasing number of adverse drug reactions and can
be harmful. Furthermore, as the number of drugs administered together increases, so does the
potential incidence of harmful interactions (Pirmohamed et al. 2004, Duerden, Avery & Payne
2013). ADRs are frequently caused by drug interactions, particularly in the following conditions:

® Older patients — likely to be taking a number of different drugs (polypharmacy) due to multiple
health-related problems. The elderly may be more sensitive to small changes in the blood
concentration of certain drugs due to either natural or pathological deterioration in their ability
to detoxify foreign drugs (see Chapter [9).

@® Drugs with a narrow therapeutic index, such as warfarin, digoxin, lithium and gentamicin
® |Individuals with kidney and/or liver disease, as these are the main organs involved in the
metabolism and excretion of drugs.

Mechanisms of drug-drug interaction

Drug interactions can be classified as pharmacodynamic or pharmacokinetic. Pharmacodynamic
interactions are associated with the biomedical mechanisms of actions of drugs. Pharmacokinetic
interactions are related to the changes of drug behaviour in the body. Some examples of
pharmacodynamic interactions are described in Table 3.3, and examples of pharmacokinetic
interactions are described in Table 3 4.

Table 3.3: Examples of pharmacodynamic drug interactions

Key drug Additional Likely therapeutic/adverse outcome
drug
Benzodiazepines, e.g. diazepam | Alcohol Enhanced sedation or severe central nervous

system depression resulting from additive effects,
as both drugs have similar actions.

Beta-blocker Salbutamol In asthmatic patients, beta-blockers may cause
bronchoconstriction and precipitate an asthma
attack.

Loop diuretics, e.g. furosemide | NSAIDs NSAIDS result in sodium and water retention

opposing the effects of loop diuretics.

Potassium supplements ACE-inhibitors | Combination results in hyperkalaemia.
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lithium

a reduction in sodium
reabsorption, leading to
retention of lithium.

Pharmacokinetic | Drug combination Rationale Likely outcome

phase

Absorption Antacids and * Antacids chelate with * Antibiotic treatment

tetracyclines tetracyclines, reducing failure
their absorption.
Oestrogen and * Entero-hepatic recycling| * Potential reduction in
antibiotics of oestrogen in oral effectiveness of the oral
contraceptives may contraceptive — potential
be decreased by for pregnancy
antibiotics. Antibiotics
kill the bacteria that
cleave the oestrogen-
conjugate complex
which normally allows
reabsorption of some
oestrogen.

Distribution Aspirin and warfarin * Aspirin displaces * Increase in international
warfarin from plasma normalisation ratio
proteins, enhancing its (INR) and bleeding
effects. complications of warfarin

Metabolism Phenobarbital and * One drug can reduce or | * Increased clearance of

warfarin increase the metabolism | warfarin and decrease
(breakdown) of in INR
another. Phenobarbital
increases the activity
of the liver enzymes
involved with the
breakdown of warfarin.

* Ciprofloxacin * Decreased clearance
inhibits theophylline of theophylline and
metabolism. potential toxicity

Excretion Thiazide diureticsand | * Thiazide diuretics cause | * Lithium toxicity
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Activity 3.2

As described above, drug interactions can take place at different sites in the body. The
table below lists the sites where drug interaction may occur. Give at least one example

for each site.

Site

Examples

In the intestine

In the blood

At site of action of drug

At site of metabolism

At site of elimination,

e.g. kidney, liver

Drug-food interactions

Food and drink can also interact with drugs, increasing or decreasing their effectiveness. Conversely,
particular drugs can alter the effects of substances in food. For example, monoamine oxidase inhibitors
(MAQIs) reduce the breakdown of neurotransmitters such as adrenaline and noradrenaline. MAQOIs
also break down dietary tyramine —a precursor for adrenaline and noradrenaline. If individuals taking
MAOIs eat foods such as cheese (which are rich in tyramine) they could experience a hypertensive
crisis, both as a direct result of the increased effects of tyramine —a potent vasopressor —and due to
potentiation of the effects of adrenaline and noradrenaline. However, because people have varying
intakes of many foods these interactions tend to be less predictable than drug—drug interactions

Table 3.5: Potential drug-food interactions and their likely outcomes

Rationale

Likely outcome

Pharmacokinetic

* Large meals and foods with high
fat content can decrease stomach
emptying.

* Reduced absorption rate

* Certain medicines are best taken with
food to increase their absorption (e.g.
griseofulvin).

* Increased systemic availability of the
drug

* Dairy products are high in calcium and
iron content.

* Decreased absorption
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Rationale

Likely outcome

* Grapefruit juice contains flavonoids —
substances that can inhibit one of the
P450 metabolic enzymes involved in
the metabolism of many drugs as they
pass through the gut wall.

* Increased bioavailability of the drug,
due to reduced metabolism, e.g.
statins and calcium channel blockers

* The uptake of levodopa into the
central nervous system (CNS) can be
affected by high-protein diets due to
competition between amino acids and
levodopa at the blood—brain barrier.

* Reduced uptake of levodopa into
the CNS

Foods (e.g. barbecued meals,
cabbage, broccoli) that contain
enzymes which speed up the reaction
of enzymes involved in breaking down
drugs can affect how effectively the
drug is cleared from the body.

* Increased drug clearance

Pharmacodynamic

* Foods containing a high level of
Vitamin K (e.g. liver, broccoli, Brussels
sprouts and green leafy vegetables)
antagonise the effects of warfarin
by increasing production of vitamin
K-dependent clotting factors.

* Reduced efficacy of warfarin

Drug-herb interactions

As a major part of complementary medicine, herbs are being used more widely across the world.

Whilst herbal medicine is often beneficial in treating various clinical conditions, it also produces a

number of safety problems due to drug—herb interactions. Table 3.6 (below) lists different kinds

of drug—herb interactions, some of which may be clinically significant.

Table 3.6: Common drug-herb interactions

Drugs

Herbs

Interactions

contraceptives

Amitriptyline, ciclosporin,
digoxin, indinavir, irinotecan,
warfarin, alprazolam,
dextrometorphan,
simvastatin and oral

St John's Wort (Hypericum
perforatum L)

Decreased plasma concentrations of
the drug
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Table 3.6 continued

Drugs

Herbs

Interactions

Ciclosporin, tacrolimus

Citrus grandis peel, grapefruit
juice

Increased plasma level of the drug

Digoxin

Eleutherococcus Senticosus
(Siberian Ginseng)

Increased digoxin levels

Yellow Foxglove, Thevetia
peruviana

Synergism, as the herbs contain
digoxin-like substances

Hawthorn Berry

Potentiate digoxin action synergistically

Diuretics, thiazides

Hibiscus sabdariffa L. (Family
Malvaceae)

Decreased plasma clearance and
decreased elimination rate constant of
hydrochlorothiazide

Hypoglycaemic agents, e.g.
sulfonylureas, metformin,
and insulin

Butcher’s Broom, Buchu,
Dandelion, Juniper

Diuretics, which may compromise
hypoglycaemic effects

Allium sativum, prickly pear
cactus, Chromium, Vanadium,
Gymnema Sylvestri, Karela

Improved glucose tolerance and
enhanced hypoglycaemic effects

Cassia auriculata

Significantly reduced absorption of
metformin

Lorazepam

Valeriana officinalis L.,
Passiflora incarnata L.

Increased inhibitory activity of
benzodiazepines binding to the GABA
receptors, causing severe secondary
effects including hand tremor, dizziness,
throbbing and muscular fatigue

Midazolam

Green tea, grape seeds

Green tea increases elimination of
intravenously administered midazolam
due to induction of CYP3A in the liver,
but grape seeds increase absorption of
orally administered midazolam

Phenytoin

Rheum palmatum

Markedly decreased oral bioavailability
of phenytoin via activation of P-gp

Warfarin

Cayenne, Feverfew, Garlic,
White Willow Bark, St John’s
Wort, Ginkgo Biloba

Decreased platelet aggregation, causing
haemorrhage

Danshen, Devil’s claw, Dong
quai, Papaya (papain)

Enhanced anticoagulant effect

Anti-hypertensives, losartan

Curcumin

Significantly increased plasma
concentrations of losartan and its
metabolite
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A 75-year-old man suffering from heart disease has a permanent pacemaker implanted.
He has been taking warfarin and sotalol for chronic atrial fibrillation and atorvastatin for
hyperlipidaemia for several years. Since last year, his atrial fibrillation has been getting
worse. Due to persistent episodes of atrial fibrillation, his doctor decided to prescribe
the anti-arrhythmic amiodarone to replace sotalol. Approximately two weeks later, the
INR (a measure of how fast the blood clots, used for monitoring and determining the dose
of warfarin) had increased to 4.8 (normal range is 2—3), indicating over-anticoagulation.

Activity 3.3 (Case study)

Answer the following questions:

I. Why did the INR increase above the normal range?
2. What were the potential adverse effects?
3. What is the major mechanism underlying the warfarin—amiodarone interaction?

What actions should the healthcare professional take in this situation?

Summary

Adverse drug reactions and interactions are responsible for significant numbers of morbidities
and mortalities in many countries. In the UK they are an important cause of hospital admissions,
resulting in significant costs to the NHS. Many of the consequences of ADR could be avoided or
minimised by improving prescribing. In order to do this, prescribers need to be more informed
and vigilant in recognising and addressing the factors that increase the occurrence of adverse drug
reactions and interactions.

Answers to activities
Activity 3.1

Adverse drug reactions are mainly classified into reactions related to the main
pharmacological action of the drug (type A) and reactions that are unpredictable
and not dose-related (type B). Complete the table below, using the key words
and phrases provided.
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Adverse drug reactions |Type A Type B
Predictable or unpredictable |Predictable Unpredictable
Dose-dependent Yes No
Augmented or Bizarre Augmented Bizarre
Morbidity High Low
Mortality Low High (potentially)
Incidence Common Uncommon
Examples * Opioids — respiratory * Associated with inherited
depression abnormalities
* Warfarin — producing bleeding | * Often involves hypersensitivity
* Insulin — causing reactions, e.g. penicillin —
hypoglycaemia anaphylaxis
* Beta-blocker — causing * Chloramphenicol — produces
bradycardia bone marrow suppression
Activity 3.2

As described above, drug interactions can take place at different sites in the
body. The table below lists the sites where drug interactions may occur. Give at
least one example for each site.

Site

Examples

In the intestine

* Opioids slow intestinal motility so they may increase drug absorption.

* Purgatives increase intestinal motility so they may decrease enteral drug
absorption.

* Absorption of tetracycline is reduced if it is given with iron.

* Antacids reduce the absorption of many commonly used drugs, e.g. angiotensin-
converting enzyme inhibitors (ACEls), angiotensin |l antagonists, digoxin, oral
iron and lansoprazole.

In the blood

* There is competition for plasma proteins if two drugs that are highly bound are
taken concurrently. Drug X may be displaced from the carrier site by drug Y.
The plasma level of drug X then increases, leading to toxicity. For example, the
effect of warfarin could be enhanced when given with aspirin.

* Phenytoin, with 88% plasma protein binding, may interact with sodium valproate,
which shows 95% plasma protein binding.

At site of action
of drug

* Quinidine affects the binding of digoxin in the tissues of various organs including
the heart.
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At site of * Many drugs are metabolised in the liver.

metabolism * Enzyme induction: One drug can increase the enzyme activity of another, causing
a reduction in concentration. For instance, rifampicin, if given with warfarin, can
reduce warfarin’s anticoagulant effect.

Phenytoin accelerates the metabolism of oestrogens through induction of
CYP450, reducing the contraceptive effect of oestrogens.

Enzyme inhibition: One drug can inhibit the enzymes that metabolise another,
thus increasing plasma concentration and potential toxicity. A number of drugs
potentiate (enhance) the effects of warfarin. These include cimetidine and
diltiazem.

Cimetidine inhibits CYP450, affecting the metabolism of propranolol,
theophylline, warfarin and phenytoin.

At site of Aspirin excretion is increased by sodium bicarbonate, which causes pH change in
elimination, e.g. the renal tubules.
Penicillin and probenecid interact by competitive binding to the active

kidney or liver
transferring protein in the renal tubules. This results in reduced excretion of
penicillin.

Salicylates can reduce the active renal excretion of methotrexate, leading to
methotrexate toxicity.

Activity 3.3 (Case study)

I. Why did the INR increase above the normal range?

The patient had been using warfarin for several years without significant side effects being reported.
The increase in the INR occurred after the initiation of the antiarrhythmic medication amiodarone.
This temporal relationship provides good reasons to suspect that the INR increase was the result of
an interaction between warfarin and amiodarone.

2. What were the potential adverse effects?
The high INR indicated over-anticoagulation with warfarin, which significantly increases the risk of
bleeding.

3. What is the major mechanism underlying the warfarin-amiodarone interaction?
Warfarin is metabolised primarily by CYP2C9. Inhibition of CYP2C9 by amiodarone, and its major
metabolite, potentiates the anticoagulant effects of warfarin.

4. What actions should the healthcare professional consider taking in this situation?
The healthcare professional should immediately reduce or stop the dose of warfarin, depending on
whether any bleeding has occurred and its severity. Vitamin K may also need to be administered.
The BNF provides appropriate guidance on how to manage a raised INR in these circumstances —
http://www.bnf.org. The INR should then be monitored more regularly to re-establish an appropriate
warfarin dosage level for the patient. Note that amiodarone has an extremely long half-life (in the
order of 35 days) so this particular interaction may take several weeks to stabilise.
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This chapter:
® Explains the scope and purpose of the BNF and how to access it
® Covers the useful information that can be found in the BNFs and the limitations of the BNFs

® Provides ‘test yourself questions’” within activities to assist you in using the electronic BNFs
effectively.

The BNF 78 and BNF for Children (2019-2020) form the main basis of this chapter.

Medicines Information Services and the BNFs

Every vear, over half a million questions about medicines are handled by Medicines Information
Services — and these are just questions from healthcare professionals working in medical and
patient care fields across the NHS. Many other healthcare professionals are based in secondary
and tertiary NHS services and they also have questions.

Medicines Information Services have a proven positive impact on patient care and medicines
safety. These services are run by clinical problem-solving experts, trained at a national level, to
ensure that service users get good-quality, relevant, safe responses. The BNFs are just one of the
core resources that these experts use in their day-to-day practice. A list of all the current UKMi
approved resources, and some of their common limitations, can be found on the open-access
Specialist Pharmacy Services website: https://www.sps.nhs.uk
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Intfroduction to the BNFs

British National Formularies (BNFs) were originally created after the Second World War and have
been published and maintained jointly by the British Medical Association (BMA) and the Royal
Pharmaceutical Society (RPS) since then. In 2005 the BNF for Children (BNFc) was published,
due to the lack of national consensus in paediatric prescribing. It is a unique resource and should
be used to aid medicines management in children up to the age of 18. Both BNFs are used widely
in the UK as a ‘gold standard’ resource for prescribing and dispensing information. They are also
available in a number of other languages and used internationally.

The BNFs are written for all healthcare professionals involved in the prescribing, dispensing
and/or administration of medications in the UK. The information in the BNFs originates from a
variety of resources, such as the Summary of Product Characteristics (SmPC) produced by drug
manufacturers, guidelines produced by the National Institute for Health and Care Excellence
(NICE), alerts from the Medicines and Healthcare Products Regulatory Agency (MHRA), and
expert practice groups such as the Royal Colleges.

The Joint Formulary Committee is responsible for the content of the BNF; and the Paediatric
Formulary Committee, which includes the Neonatal and Paediatric Pharmacists Group (NPPG),
the Royal College of General Practitioners (RCGP), the MHRA, and the Department of Health
(DH), is responsible for the content of the BNFc.

The BNFs should always be used alongside professional judgement and clinical knowledge
and may not always be the sole source of medicines information in clinical practice. By using
an evidence-based, nationally recognised formulary, healthcare professionals reduce the risk of
medication errors when prescribing for their patients.

Accessing the content of the BNF

The platforms for accessing the BNF content have evolved extensively over the vears.
Each platform has advantages and disadvantages, a few of which are listed in Table 4.1.
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Table 4.1: Comparison of the current BNF platforms

BNF platform

Notable remarks

Books

Advantages
» Some organisations provide a free copy for prescribers (check with your employer)
* Updated every 6 months.

Disadvantages

* Lag time between content creation and actual publication can render paper-based
publications out of date at point of purchase

* Difficult to update in the light of frequent changes in medical practice so user will
still need a means of accessing current updates

* Requires user to be familiar with how to use each chapter, e.g. general statements
prior to each drug class

Medicines
Complete (RPS)

Advantages

* BNF updates are available to both registered and non-registered users

* Registered users can request BNF updates to be emailed

* The website is easy to use via a simple search box or browsing the contents page

» Hyperlinks within the text allow for easy retrieval of relevant information from
particular chapters of the BNFs

» Hyperlinks to external pages (such as NICE guidance) are included

* Each page has a date when it was last updated

* The website is updated monthly.

Disadvantages

* Part of a purchased suite of information resources

* NHS employees based in the UK need to register for a Medicines Complete
account to prove they are entitled to free access to the BNF resources (BNF and
BNFc); a I-year single-user access to the online BNFs is provided after registration.

NICE

Advantages

 Offers free UK access to BNFs without registration

* Easy to locate via the NICE home page

» Can browse by Dental Practitioners’ Formulary

* Can browse by Nurse Prescribers’ Formulary

* The website is easy to use via a simple search box or browsing the contents page

* Hyperlinks within text allow for easy retrieval of relevant information from
particular chapters of the BNFs

* Includes hyperlinks to external pages such as NICE guidance

» Each page has a date of last update

* Website is updated monthly.

Disadvantages
* Need to switch between BNF and BNFc (these are not integrated when searching
or browsing).

(table continued overleaf)
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Table 4.1 continued

BNF platform | Notable remarks

Personal Digital | Advantages
Assistant (PDA) | The Pharmaceutical Press (RPS publishers of the BNFs) offer a PDA version
* Updated monthly.

Disadvantages
* Can become out of date if user does not update version on device.

Local Formulary | Advantages

integration * Some organisations have integrated their local formulary into the online BNF; check
your local formulary to see if you already have access to the BNFs

* Your local formulary website lists the products and strengths it has in stock
and may advise on restricted prescribing and include hyperlinks to organisation
guidelines.

Disadvantages
* The local formulary requires maintenance and updating of the BNF links, which
could cause a time lag in ensuring the accuracy of the information.

Based on Table 4.1 and the author’s experience, readers are advised to use the online versions of
the BNFs whenever possible, in preference to the printed versions. The online versions provide
monthly updates which include changes, corrections and clarifications.

Regardless of platform, all BNF users should read the ‘how to use’ section of the BNF and/
or BNFc. In the print versions, this section appears as Chapter xii.

Medicines optimisation and the BNFs

NICE guidance (2015 NG5) states that in 2003 it was estimated that between 30% and 50% of
medicines prescribed for long-term conditions were not taken as intended. As medicines are the
most common healthcare intervention, and we have a growing and ageing population, optimising a
patient’s medication is clearly key to successful patient care and treatment. Medicines optimisation
is defined as ‘a person-centred approach to safe and effective medicines use, to ensure people
obtain the best possible outcomes from their medicines.

Shared decision-making is an essential part of evidence-based medicine. The RPS Framework
asserts that the prescribing of medicines is based on shared decision-making between the clinician
and the service user and is respectful of the individual's preferences, diversity and expectation of
treatment.

The safety of medicines, and the avoidance of adverse effects, are important considerations
when optimising medicines. The BNFs provide evidence-based choices of medicines and give
guidance on the safe use of these medicines. Healthcare professionals will therefore find the
BNFs a useful resource when discussing the best medication options with their patients, since they
include consideration of issues such as comorbidities, concurrent drug therapies and formulation
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options for each medicine. The BNF alone will not optimise a patient's medication use but it should
be one of the first sources consulted when reviewing medicines used by a patient.

The ‘test yourself’ questions in the activities in this chapter demonstrate how the BNFs can
be used to reduce the risk of harm from medicines and ensure their safe and appropriate use.

Types of medicines information provided by the BNFs

The online BNFs (via https://bnf.nice.orguk/ — NICE platform) will be used to explain how to
navigate the information provided by the BNF and BNFc. Readers are advised to access the online
BNFs when reviewing this chapter. The following subheadings relate to the home page for the
online BNFs and refer to the printed BNFs where relevant.

What’s changed?

The BNF and the BNFc have their own sections for cumulative changes made since the last print
versions so make sure that the correct publication is selected when viewing changes. The ‘significant
changes, ‘dose changes’ and ‘new preparations’ are listed alphabetically. The print versions list
these in Chapter xix. The BNFs do not provide information on drug shortages and so, even if a
product is listed in the BNF, users must ensure they have the latest information on current drug
shortages and advice through other routes.

Treatment summaries

These are alphabetical lists of the general statements that appear at the beginning of each chapter
in the BNFs. They are different for the BNF and the BNFc. This section can be searched or
browsed, depending on the user’s familiarity with the BNFs' contents. It is useful to review the
relevant treatment summary before considering the drug options if you are unfamiliar with, or
unclear about, current treatment options. The summaries provide hyperlinks to relevant drug
monographs and may contain external links to current UK guidance.

Activity 4.1

I. Using the BNF online (via the NICE platform), what initial treatment is
recommended for type 2 diabetes?

2. Using the BNFc online (via the NICE platform), what advice is given regarding the
administration of ear drops in children?

Interactions

This section provides useful background information on drug interactions, explaining
pharmacodynamic and pharmacokinetic interactions in a bit more detail. The section also explains
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the way in which the BNF publishers have graded drug interactions, using the severity of interaction
and the strength of the evidence base. The interactions can be browsed online by clicking on a
drug monograph and then ‘interactions’. The interactions will always be between two drugs and it
is not possible to search multiple drugs simultaneously. Appendix | of the print version provides
a table of drug—drug interactions in a similar fashion. Interactions relating to a drug class are not
listed online but can be found in Appendix | of the printed BNFs.

In addition, Appendix | of the printed BNFs contains tabulated lists of the drugs most
commonly associated with specific adverse drug reactions (ADRs). Concurrent use of two or
more drugs from the same table may therefore increase the risk of an adverse event due to
synergistic interactions. The printed tables are not exhaustive but cover drugs that commonly

cause:
® Hepatotoxicity ® Central nervous system (CNS)
® Nephrotoxicity depressant effects
@® Anticoagulant effects ® Peripheral neuropathy
® Antiplatelet effects ® Serotonin syndrome
® Thromboembolism ® Antidiabetic effects
® Bradycardia ® Myelosuppression
@ First dose hypotension ® Hyperkalaemia
® Hypotension ® Hypokalaemia
® Prolongation of QT interval ® Hyponatraemia
® Antimuscarinic effects ® Ototoxicity
® Neuromuscular blocking effects

The drugs listed in the BNF and BNFc differ so make sure you use the correct publication when
reviewing drug interactions for a patient. The BNFs do not provide clinical advice on what action
to take regarding a drug interaction since this decision must be taken on a case-by-case basis.
Other drug interaction resources are available, which can provide advice on what adjustments to
make to drug therapy in the light of a drug—drug interaction.

Activity 4.2
I. What information does the online BNF (via NICE) give about the interaction

between erythromycin and diltiazem?
2. How strong is the evidence for the interaction between erythromycin and warfarin?
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Drugs

These sections allow the user to browse the drug monographs in the BNFs alphabetically. This is,
in essence, the index page of the print BNFs by drug name.

Activity 4.3

I. Using the ‘drugs’ feature on the online BNF (via NICE) home page, locate the entry
for omeprazole. What monitoring should be considered for patients on proton pump
inhibitors and when?

2. Staying on the omeprazole entry, how would you change to the BNFc entry for
omeprazole!?

Searching the BNF

Both BNFs can be searched by typing a text word or phrase into the online search box. It is also
possible to search for pairs of drugs here, to review drug interaction entries. The print BNFs are
generally searchable by contents page or index listing.

Activity 4.4

I. In the search bar at the top of the online BNF (via NICE) screen, type in ‘simvastatin side
effects’. What do you notice!?

2. Using the online BNFc (via NICE), search the database for the dose of fluconazole.
What is the dose for children with tinea capitis and is this a licensed use?

Other useful information to browse

The ‘useful information to browse' differs between the BNF and BNFc home pages. This
information also appears as appendices in the print BNFs.

The BNF wound management section reviews the stages of wound healing and provides a
useful table of suggested dressings based on the stage of healing. This is Appendix 4 in the printed
BNF but does not appear in the BNFc print version.

The BNF and BNFc medical devices sections provide basic information on products, such as
device indication, but do not provide advice on choice or suitability. This information is searchable
in the printed BNFs by product name only.

The BNF and BNFc borderline substances sections provide guidance on conditions in which
some foods (and skin treatments) have the characteristics of a drug. The Advisory Committee on
Borderline Substances (ACBS 2020) advises on when these products can be included on an NHS
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prescription. Prescriptions issued in accordance with the Committee's advice and endorsed ‘ACBS’
will normally not be investigated. Appendix 2 of the printed BNFs provides this information.
The BNF and BNFc Dental Practitioners’ and Nurse Prescribers’ Formularies list the

approved preparations and appliances that can be prescribed by these practitioners. These

formularies are listed separately in the printed BNFs.

The BNF medicines guidance section is useful to all healthcare professionals. Table 4.2

summarises the main topics covered.

Table 4.2: Main topics covered within each medicines
guidance section

Section

Content

Guidance on
prescribing

Covers considerations involving never events, multimorbidity, deprescribing, taking
medicines to best effect, advanced pharmacy services, medicines use review,
biological medicines, biosimilar medicines, complementary and alternative medicine,
abbreviation of titles, prescribing unlicensed medicines, oral syringes, excipients,
extemporaneous preparation, drugs and driving, patents, safety in the home, labelling
of prescribed medicines, security and validity of prescriptions, and patient group
directions.

Prescription

Prescription writing requirements are explained and an example prescription

reactions to
drugs (ADRs)

writing provided.

Emergency The legal requirements are explained for an emergency supply of medication when

supply of requested by a prescriber or a member of the public.

medicines

Controlled The classifications and schedules for controlled substances and their prescription

drugs and drug |requirements are explained. Also covers instalments and repeatable prescriptions,

dependence private prescriptions, drugs commonly involved in dependence and misuse,
supervised consumption, who to notify when patients are receiving structured drug
treatment for substance dependence, and the prescribing of diamorphine (heroin),
dipipanone, and cocaine for addicts.

Adverse Explains the Yellow Card Scheme: what it is and how to report adverse drug/device

reactions and where to find monthly drug safety updates. The ADRs listed in the
BNFs for each drug are not exhaustive and users should consult the manufacturer’s
literature (Summary of Product Characteristics or SmPC) for a full list with incident
data. The BNF ADRs are generally listed alphabetically, in order of frequency.
Guidance is given on how to reduce the risk of ADRs in practice. Some serious ADRs
are discussed, where they are attributed to a specific drug or drug class. Different
types of drug hypersensitivity are also explained, to aid recognition.
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Guidance on
intravenous
infusions

Advice to multidisciplinary teams (MDTs) on giving intravenous drugs via:

» Continuous infusion

* Intermittent infusion

 Addition via drip tubing.

Includes information on common additives and gives best practice guidance.

Prescribing in

Detailed advice on medicines used in children can be found in the BNFc. General

children advice is provided here, including routes to avoid, use of drugs outside their UK
licence (off-label), particular ADRSs in children, prescription writing requirements,
drug dosing and drug calculations.

Prescribing Liver disease may alter the body’s response to drugs in several ways and so drug

in hepatic dosing needs to be individualised. No resource provides a comprehensive list of drug

impairment dosing in liver disease. The BNF provides brief information on some liver disease
complications and it is not a comprehensive resource for drug dosing in liver disease.
The manufacturer’s information (SmPC) is preferable, or the practitioner should seek
advice from a liver specialist.

Prescribing Discusses the issues encountered in renal impairment and provides general guidance.

in renal The information on dosage adjustment in the BNF is usually stated as estimated

impairment glomerular filtration rate (eGFR). However, some drug doses are calculated using

Prescribing in
pregnancy

creatinine clearance (CrCl). The calculations for kidney function are provided in this
section with an interpretation of GFR and albumin:creatinine ratio (ACR) to diagnose
the severity of chronic kidney disease. The manufacturer’s prescribing information
(SmPC) provides renal dosing advice in greater detail.

The BNF and BNFc identify drugs which:

* May have harmful effects in pregnancy (and will indicate the trimester of risk)

* Are not known to be harmful in pregnancy.

Drug dose adjustments due to changes in maternal physiology are beyond the scope
of the BNFs. Other resources, such as the UK Teratology Information Service
(UKTIS), provide more in-depth advice on drugs in pregnancy for healthcare
professionals and members of the public.

Prescribing in
breast-feeding

An overview of breast-feeding is provided. The BNF identifies drugs:

* That should be used with caution or are contra-indicated in breast-feeding

* That can be given to the mother during breast-feeding because they are present in
milk in amounts which are too small to be harmful to the infant

* That might be present in milk in significant amounts but are not known to be
harmful.

A more comprehensive resource for drugs in breast feeding is the UK Drugs in

Lactation Advisory Service (UKDILAS) database, accessible via the Specialist

Pharmacy Services (SPS) website — www.sps.nhs.uk

(table continued overleaf)
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Table 4.2 continued

Section

Content

Prescribing in
the elderly

Appropriateness in prescribing is discussed, including formulations and drugs

requiring caution, such as hypnotics, diuretics and non-steroidal anti-inflammatory
drugs (NSAIDs).

Prescribing in
dental practice

Advice on the drug management of dental and oral conditions is included in the
appropriate sections of the BNFs. This section provides particular advice on dealing
with dental patients who have medical conditions such as heart conditions, indwelling
catheters, anticoagulant therapy, prosthetic joints, and thromboembolic disease.

Drugs and sport

Includes signposts to information about the prohibited status of specific medications,
based on the current World Anti-Doping Agency Prohibited List.

Index of
manufacturers

An alphabetical list of manufacturers and their contact details as referenced in the
BNF. Note that this is not an exhaustive list of manufacturers.

Special order
manufacturers

List of manufacturers, by region, that provide special orders.

Life support
algorithm

Non-medical
prescribing

Summarises the current adult life support steps.

Defines the range of non-medical healthcare professionals and explains the terms
‘independent’ and ‘supplementary’ prescriber.

The Medicines Guidance presented in the BNFc varies slightly and should be consulted for all
paediatric drug prescribing, dispensing and administration. Additional topics include managing
medicines in school, use of medicines off-label, oral syringes, issues with excipients, and estimating
body surface area based on body weight alone.

The printed BNFs provide this information in the introductory chapters and the post-
appendix chapters (as listed in the contents page).

Activity 4.5

I. By either using the search box or browsing the medicines guidance section in
the online BNF (via NICE), decide if a footballer could take a cannabidiol out of
competition. You will need to use an external link signposted by the BNF.

2. Using the online BNF (via NICE), what do you need to consider when deciding
whether to prescribe a drug for a pregnant woman?

Tabulated information

The BNFs contain a number of tables to assist healthcare professionals. The online BNF tables are
not so easy to find and so some commonly used ones are listed in Table 4.3. The BNF tables can
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be located by typing the ‘table name’ (or similar) into the search box of the relevant BNF or by

browsing the relevant section. They are also accessible via hyperlinks from relevant pages in the

online BNFs. The printed BNFs do not provide a dedicated list of useful tables and the table names

do not appear in the contents or index pages.

Table 4.3: Other useful tables listed in the BNF

Table name

Section

Approximate Conversions and Units

About — Approximate Conversions and Units

Equivalent anti-inflammatory doses of
corticosteroids

Treatment summary — Glucocorticoid therapy

Ingredient nomenclature in sunscreen
preparations

Treatment summary — Sunscreen

Suitable quantities of dermatological preparations
to be prescribed for specific areas of the body

Treatment summary — Skin conditions,
management

Suitable quantities of corticosteroid preparations
to be prescribed for specific areas of the body

Topical corticosteroid preparation potencies

Treatment summary — Topical corticosteroids

Treatment summary — Topical corticosteroids

Electrolyte concentrations — intravenous fluids

Treatment summary — Fluids and electrolytes

HRT risks — endometrial cancer, ovarian cancer,
venous thromboembolism, stroke, coronary
heart disease

Treatment summary — Sex hormones

Acetylcysteine dose and administration for
paracetamol overdose

Treatment summary — Poisoning, emergency
treatment

Drugs unsafe for use in acute porphyrias

Treatment summary — Acute porphyrias

Drugs with definite and possible risk of
haemolysis in most G6PD-deficient individuals

Treatment summary — Anaemias

Recommended regimens for helicobacter pylori
eradication

Treatment summary — Peptic ulceration

Blood infections, antibacterial therapy

Treatment summary — Blood infections,
antibacterial therapy

Hormonal contraceptive preparation choice

Treatment summary — Contraceptives, hormonal

Routine immunisation schedule — children and
adults

Treatment summary — Immunisation schedule

Medical emergencies in a community: acute
asthma, unstable angina, myocardial infarction,
croup, anaphylaxis, meningitis, hypoglycaemia,
and convulsions (including febrile)

Treatment summary — Medical emergencies in the
community

(table continued overleaf)

71



Pharmacology case studies for nurse prescribers

Table 4.3 continued

Table name Section

Latin abbreviations commonly used on About — Abbreviations and Symbols
prescriptions. Also listed inside the back cover of
the printed BNFs.

Common E numbers and their associated About — Abbreviations and Symbols
ingredients. Also listed inside the back cover of
the printed BNFs.

Activity 4.6

I. Using the treatment summary for topical steroids, how much corticosteroid
preparation should be prescribed to an adult for treatment of both arms for 4
weeks!?

2. Which 7-day helicobacter pylori eradication regimens would be suitable for an adult
patient with a true penicillin allergy?

Drug monographs

The BNF does not cover herbal or homeopathic medicines although it includes a few in the drug
interactions section, such as St John's Wort (hypericum). European law requires the use of the
Recommended International Non-proprietary Name (rINN) for medicinal substances. In most
cases, the British Approved Name (BAN) and the rINN are identical. Where these are different
in the BNFs, the BAN has been amended to conform to the rINN. The only exceptions to this are
adrenaline and noradrenaline.

The BNF data presented in the drug monographs comes mainly from the manufacturers’
prescribing information (SmPC). However, the BNF and BNFc data may not always agree with
the SmMPC due to internal editorial guidelines. Where there is a difference in dosing, the BNF
drug monograph will note that doses may be different from those in the SmPC for the same
indication, e.g. methadone for opioid dependence, or chloroquine for malaria chemoprophylaxis.

The BNFs may occasionally give information on the use of unlicensed medicines, or the
use of licensed medicines in an unlicensed (off-label) manner, e.g. clopidogrel 600 mg loading
dose prior to percutaneous coronary intervention, rectal diazepam in children under | year, or
fluconazole for tinea infections in children. The BNFc includes information on drugs when there
is sufficient evidence for the drug to be considered relatively safe and effective in children. In
most cases, the drug will be unlicensed or off-label.

The drug monographs in all BNF platforms are structured in the same way. The online
BNFs allow searching by drug or product name, or by browsing the alphabetical drug name. The
printed BNFs require the user to consult the index.
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Using the printed BNFs, it is easy to see how the drug monographs are divided into 15
chapters, since each chapter represents a body system (e.g. gastrointestinal, respiratory, infections,
eye and skin). These chapter headings are not seen when using the online versions. Instead the
drug monograph can be located directly, and links are provided to relevant areas of the BNFs
based on topic. For example, the drug monograph for sertraline links to treatment summaries
such as antidepressant drugs, cholestasis and premature ejaculation. The monograph also lists
and hyperlinks to other drugs in the same class, i.e. serotonin re-uptake inhibitors (SSRIs).

The drug monographs are subdivided further, as described in Table 4.4. The subsection
headings are very similar to those found in SmPC, which contain more in-depth information than
the BNF drug monographs.

Table 4.4: Drug monograph subsections

Subsection Content
Drug action A brief summary of the pharmacological action.
Indications and doses For each indication, the route of administration and dose is given. Specific

dosing for the elderly, or other relevant patient populations, may be
provided where relevant. Dosing data for children is best located in the
BNFc rather than the BNF.

Doses are either expressed in terms of a definite frequency or as a total
daily dose. In the total daily dose format, the dose should be divided into
individual doses.

The dose section also contains, where known, considerations that may
affect the choice of dose, and dose equivalence information, which may aid
the selection of dose when switching between drugs or preparations.

The BNF includes unlicensed uses of medicines when a clinical need cannot
be met by a licensed medicine.

Contraindications Administration of the drug should be avoided in the circumstances listed. If
the contraindication applies to the drug class, this will be stated.

Cautions Outlines the precautions to be taken for patients with the comorbidities
listed and gives details of monitoring to be undertaken, if applicable. If the
caution applies to the drug class or specific formulation, this will be stated.
Important safety advice provided by regulatory authorities or guideline
producers will also be found here.

Interactions This subsection usually hyperlinks to the interaction table for the specific
drug, listing all known interactions. The online monograph does not link
to drug class interactions, whereas the printed version does. For example,
the online sertraline monograph hyperlinks to drug—drug interactions with
sertraline but the printed Appendix | entry for sertraline refers the user
to the entry for SSRIs.

(table continued overleaf)
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Table 4.4 continued

Subsection Content

Side effects These are listed as:
* Common/very common
* Uncommon
* Rare/very rare
* Frequency not known.
Data is usually provided for the drug class and the individual drug, and may
also include overdose symptoms if relevant. Any products under intense
monitoring by the MHRA must have all ADRs (no matter how minor)
reported. In the case of children, all ADRs should be reported (even if not
under intense MHRA monitoring).

Pregnancy Provides manufacturer’s advice in most cases. Also includes prescribing

considerations for females of childbearing potential or men who might
father a child.

Breast-feeding

Hepatic impairment

Provides manufacturer’s advice in most cases.

Provides manufacturer’s advice in most cases.

Renal impairment

Provides manufacturer’s advice in most cases.

Additional information

Regimens to deprescribe, advice on monitoring, and information on
effects on laboratory tests, interchangeability of drug brands, and NHS
funding status is provided where relevant.

Patient and carer advice

Warnings are given here, e.g. where medication may impair the
performance of skilled tasks. The advice in this section does not replace
that provided in manufacturers’ patient information leaflets (PILs).

The NHS website (www.nhs.uk) provides more comprehensive patient-
friendly information leaflets and should be used to supplement medication
PILs and information about health.

Medical forms

Hyperlinks to the various formulations available in the UK are listed here,
including references to any unlicensed and special formulations. The
hyperlinks provide formulation, strength, pack size and NHS price (see
‘BNF pricing’, p. 76).

Excipients are sometimes included but are not listed exhaustively. The
SmPCs and PILs provide a full list of excipients for a particular product and
should be consulted in the first instance.

The BNFs also denote legal status here: prescription only medicine (POM),
controlled drug (CD), pharmacy medicine (P), and general sales listed (GSL).

The BNF does not provide information on drug shortages or guidance on
alternative measures.

Any products under intense monitoring by the MHRA will have a black
triangle symbol by their brand name: ¥
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Activity 4.7

Understanding and using the British National Formulary

I. What important safety information is given about sodium valproate?

2. When prescribing diltiazem, should the brand name be used to identify the product?

Common abbreviations and symbols

A few abbreviations have already been mentioned and Table 4.5 provides a collective list of common

(non-medical) BNF abbreviations that healthcare professionals may find useful. A full list is provided in

the inside cover of the print BNFs and on the ‘Abbreviations and Symbols’ page (in the ‘About’ section)

of the online versions.

Table 4.4: Drug monograph subsections

Abbreviation/symbol |Definition

ACBS Advisory Committee on Borderline Substances

BAN British approved name

CDl Preparation in schedule | of the Misuse of Drugs Regulations

CD2 Preparation in schedule 2 of the Misuse of Drugs Regulations

CD3 Preparation in schedule 3 of the Misuse of Drugs Regulations
CD4-1 Preparation in schedule 4 (part |) of the Misuse of Drugs Regulations
CD4-2 Preparation in schedule 4 (part 2) of the Misuse of Drugs Regulations
CD5 Preparation in schedule 5 of the Misuse of Drugs Regulations

DT Drug tariff price

e/c Enteric coated or gastro-resistant formulation

f/c Film-coated formulation

GSL General Sales List

m/r Modified release

NCL No cautionary labels (endorsement by prescriber)

P Pharmacy medicine only

PGD Patient group direction

POM Prescription only medicine

rINN Recommended international non-proprietary name

s/c Sugar-coated

SLS Selected list scheme

v Newly licensed medicine under intensive monitoring by the MHRA
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BNF pricing

Basic NHS net prices are given in the BNF to provide an indication of relative cost. Where there is
a choice of suitable preparations for a particular disease or condition, it may be useful to know the
relative cost when selecting. Cost-effective prescribing should be considered, such as dose frequency,
treatment duration, and reduction of time spent in hospital. BNF prices are not suitable for quoting
to patients seeking private prescriptions or asking if products are cheaper to purchase over the
counter, since VAT, professional fees, and other overheads are not accounted for. Patients enquiring
about the private cost of medications should be referred to local pharmacies to obtain quotes.

Summary

The BNFs are an essential resource for all healthcare professionals involved in medication provision.
The content is tailored to the UK user and provides a condensed version of the SmPCs, national
guidance, and specialist information in easy-to-use formats.

NHS-based healthcare professionals can seek further assistance with questions about
medicines by contacting the Regional and District Medicines Information Services, as listed in the
‘About’ section of the online BNFs (About — medicines information services) or on the inside front
cover of the printed BNFs.

Answers to activities

Activity 4.1

I. Using the BNF online (via the NICE platform), what initial treatment is
recommended for type 2 diabetes?

Metformin hydrochloride is recommended as the first choice for initial treatment for all patients,
due to its positive effect on weight loss, reduced risk of hypoglycaemic events and the additional
long-term cardiovascular benefits associated with its use.

2. Using the BNFc online (via the NICE platform), what advice is given regarding
the administration of ear drops in children?

To administer ear drops, lay the child down with the head turned to one side; for an infant pull the
earlobe back and down, for an older child pull the earlobe back and up.

Activity 4.2

I. What information does the online BNF (via NICE) give about the interaction
between erythromycin and diltiazem?

Erythromycin is predicted to increase the exposure to diltiazem. The manufacturer makes no
recommendation.
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2. How strong is the evidence for the interaction between erythromycin and warfarin?
The online BNF (via NICE) notes that the evidence for the interaction is based on anecdotal data,
though the interaction is rated as severe.

Activity 4.3

l. Using the ‘drugs’ feature on the online BNF (via NICE) home page, locate the
entry for omeprazole. What monitoring should be considered for patients on
proton pump inhibitors and when?

Measurement of serum-magnesium concentrations should be considered before and during
prolonged treatment with a proton pump inhibitor, especially when used with other drugs that
cause hypomagnesaemia or with digoxin.

2. Staying on the omeprazole entry, how would you change to the BNFc entry for
omeprazole?

The online BNF (via NICE) states that the BNF is currently being viewed at the top of the screen.
A hyperlink is provided to view the BNFc. Click on the hyperlink to go to the home page and then
browse for the drug omeprazole to view the drug monograph.

Activity 4.4

l. In the search bar at the top of the online BNF (via NICE) screen, type in
‘simvastatin side effects’. What do you notice?

The database initially tries to map the entered terms to one in its indexing but it is possible to
bypass this and enter the phrase. The search takes the user directly to the side effects section in
the drug monograph.

2. Using the online BNFc (via NICE), search the database for the dose of fluconazole.
What is the dose for children with tinea capitis and is this a licensed use?

Searching for ‘dose of fluconazole' in the BNF produces numerous results, but the first one is
the most relevant. The hyperlink for ‘fluconazole (indications and dose) drug’ links directly to the
dosing section for fluconazole in the BNFc. The dose advised for tinea capitis in children is 6mg/kg
daily (max. per dose 300mg) for 2—4 weeks. The ‘unlicensed use’ note further down indicates that
fluconazole is not licensed in children for tinea infections.

Activity 4.5

l. By either using the search box or browsing the medicines guidance section in
the online BNF (via NICE), decide if a footballer could take a cannabidiol out of
competition. You will need to use an external link signposted by the BNF.

The medicines guidance for drugs and sport provides links to two resources: The UK Anti-Doping
(UKAD) website and the Global Drug Reference Online (GDRO) website. The UKAD provides
a number of PDFs and the GDRO provides a searchable database. In either case, the information
regarding cannabidiol is that it is not prohibited in sports.
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2. Using the online BNF (via NICE), what do you need to consider when deciding
whether to prescribe a drug to a pregnant woman?

Review the medicines guidance for ‘drugs in pregnancy’. Here the advice is to prescribe in pregnancy:
* If the expected benefit to the mother is thought to be greater than the risk to the foetus.

* Taking care to avoid the first trimester where possible.

* Using a drug which has been extensively used in pregnancy and appears to be safe.

* Using the smallest effective dose.

Activity 4.6

l. Using the treatment summary for topical steroids, how much corticosteroid
preparation should be prescribed to an adult for treatment of both arms for 4
weeks?

The online BNF (via NICE) treatment summary for topical corticosteroids suggests 30—60g would
be suitable for a once-daily application for an adult for 2 weeks. Therefore, 60—120g would be a
suitable amount to prescribe.

2. Which 7-day helicobacter pylori eradication regimens would be suitable for an
adult patient with a true penicillin allergy?

The online BNF (via NICE) treatment summary for peptic ulceration provides advice on
helicobacter pylori eradication regimens. It does not specifically list a regimen for penicillin-allergic
patients and relies on the user to check the appropriate drug monograph. Searching ‘penicillin
allergy’ separately will provide a list of hyperlinks to drugs which carry a caution or contraindication.

The BNF suggests options such as:

* Esomeprazole with clarithromycin + metronidazole

* Lansoprazole with clarithromycin + metronidazole

* Omeprazole with clarithromycin + metronidazole

* Pantoprazole with clarithromycin + metronidazole

* Rabeprazole sodium with clarithromycin + metronidazole.

Clarithromycin is a macrolide and unlikely to have cross sensitivity in a penicillin-allergic patient.
Activity 4.7

I. What important safety information is given about sodium valproate?

The drug monograph for sodium valproate highlights the MHRA alert issued in 2018. Valproate
must not be used in women and girls of childbearing potential unless the conditions of the Pregnancy
Prevention Programme are met, due to its teratogenicity and the risk of neurodevelopmental
disorders and congenital malformations.
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2. When prescribing diltiazem, should the brand name be used to identify the
product?

Using the drug monograph for diltiazem, review the information regarding ‘prescribing and
dispensing information’. The standard formulations containing 60mg diltiazem hydrochloride are
licensed as generics and there is no requirement for brand name dispensing. However, different
versions of modified-release preparations containing more than 60mg diltiazem hydrochloride
may not have the same clinical effect. To avoid confusion between these different formulations of
diltiazem, prescribers should specify the brand to be dispensed.
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This chapter has been revised and updated by Suzanne Everett, based on work originally produced by
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Supplementary Prescriber

This chapter:

@ Explores how certain behaviour and personal traits can reduce or support adherence to
medicine regimens

® Looks at the impact of poor adherence on clinical outcome and costs of care

® Shows how an understanding of an individual's patterns of adherence to taking prescribed
drugs can be used to facilitate a richer consultation, which may prevent non-adherence to a
medicines regimen

® Considers techniques that a healthcare provider may adopt when encouraging adherence
to a medicine regimen.

Terms used when discussing medication-taking
behaviour

‘Adherence’ is the term used for medication-taking behaviour and refers to whether someone
takes the prescribed medication and whether they continue to take it. Whilst some individuals
do take their prescribed medication (adherence), others may fluctuate in their adherence or stop
taking their medication over time (showing ‘lack of medication persistence’). There are further
differentiations to be made between ‘intentional’ non-adherence (where patients do not take the
medication because they do not accept the diagnosis) and ‘non-intentional’ non-adherence (where
patients forget a dose or do not follow the regimen correctly through lack of knowledge).
‘Compliance’ and ‘non-compliance” are useful terms but can have negative connotations, implying
that the patient or client is passive and/or incompetent to follow instructions. Another term that is
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sometimes employed is ‘concordance’, which relates to the interaction between the patient and the
individual healthcare practitioner and not the patient’s medication-taking behaviour.

Medicines optimisation

However; adherence is not just about patients' failure to take their medication; it is a collaboration
between healthcare professionals and patients to achieve medicine optimisation. Medicine optimisation
involves prescribing the right medicine for the right patient, with the patients’ involvement being central
to the decision (NICE 2009). The aim of medicine optimisation is to improve patients’ health by ensuring
that they take their medication correctly. This process will avoid unnecessary polypharmacy and will
reduce the wastage of medicines and improve medicine safety (RPS 2013, Duerden, Avery & Payne
2013). Medicines Optimisation (Royal Pharmaceutical Society 2013) addresses the four guiding principles
for medicine:

l. Aiming to understand the patient's experience

2. Choosing evidence-based medicine

3. Ensuring medicine safety

4. Making medicine optimisation part of routine practice.

Principle I, aiming to understand the patient’s experience, is about having a dialogue
with the patient about their personal journey in medication, to discover how it impacts upon their
activities of daily living. This is to ensure that patients have a greater understanding of the choice
of medication, there is shared decision-making, they can use their medication as agreed and that
they are confident about discussing its impact on their dalily life.

Principle 2, choosing evidence-based medicine, ensures that the best available and
most appropriate and cost-effective medication is selected for the patient. This entails following
NICE and local formulary guidelines, reviewing treatment that is no longer required and being
transparent about access to medication.

Principle 3, ensuring medicine safety, helps avoid incidents, reduces hospital admissions/
readmissions, and gives patients the confidence to ask about their treatment, to find out about
issues such as side effects and safe disposal of unused medicines.

Principle 4, making medicine optimisation part of routine practice, encourages regular
discussions between patients, carers and health professionals about medicine optimisation. This
promotes consistency of care along with the realisation that activities of daily living alter and these
changes may need to be reflected in the medication prescribed.

These principles are central to the Royal Pharmaceutical Society Competency
Framework for All Prescribers (RPS 2016, NICE 2009). All prescribers should use
this framework within their prescribing to ensure that they are prescribing
safely and involving patients.
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Characteristics that support adherence

Patients are more likely to adhere to prescribed medication if they are involved in their own plan
of care and if they believe that the medication will work for them. A discussion of likely adverse
and unpleasant side effects, and how they can be reduced, is also likely to improve adherence.
Patients need to know how long to continue the regimen and how to get repeat prescriptions.

Knowledge, aftitudes and beliefs

Adherence is usually better when healthcare professionals take care to address the patient’s
knowledge, attitudes and beliefs when discussing their medication. Incorporating coaching and
counselling techniques and patient-focused cognitive work may be effective in challenging non-
adherent behaviour when combined with other interventions (NICE 2009).

Interventions to support adherence in long-term conditions

The most effective interventions to support adherence in the long term include reinforcement,
self-reporting questionnaires, clinical nurse specialist-led intervention, electronic monitoring and
education behaviour. Clinical nurse specialist-led interventions do tend to result in higher levels
of patient satisfaction, with fewer medication errors. The evidence suggests that a combination
approach is most helpful in gaining adherence to a medication regimen (NICE 2009).

Activity 5.1

I. Can you suggest other strategies to support adherence?

2. Reflect on your own experience or that of your peers and outline one or two case
studies that support the efficacy of the strategies that you suggested.

When identifying the statistical significance of an intervention, reinforcement, reminding and self-
reporting questionnaires have been shown to be effective. Medication event monitoring systems
(MEMS) are electronic devices that are attached to a pill bottle.

The device downloads data to a computer system each time the bottle is opened, recording
medication adherence. This is seen as an effective method in comparison to alternative methods
of measuring adherence (such as self-reporting pill counting). However, there has been criticism of
the methods used to analyse research on these methods (EI Alili et al. 2016). With self-reporting,
research shows that there is a risk of patients potentially over-estimating their pill-taking and
adherence (El Alili et al. 2016).

The healthcare agency Spoonful of Sugar (50S) aims to provide evidence-based adherence
solutions to healthcare providers and the pharmaceutical industry. They do this by means of
behavioural mapping and engineering to diagnose intentional and unintentional barriers to
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adherence. One example is the development of smartphone apps for people with diabetes. NHS
England is trialling an app library to help patients use safe and effective tools to support medication
adherence (Oswald 2018). However, it is important to remember that technology is not suitable
for everyone, and this highlights the need for healthcare practitioners to know their patients well
and involve them in any interventions.

Non-adherent behaviour patterns

Predictors of non-adherence can also be seen as patterns in a patients’ behaviour. Having a basic
understanding of these may be helpful for prescribers during consultations.

Non-adherent patterns usually take the form of complete discontinuation, drug holidays
and skipping doses due to forgetfulness or psychological resistance to adherence. Patients may
stop medication because they are no longer experiencing symptoms, not realising that they need
to continue in order to stay symptom-free.

It is important to consider how easy particular regimens will be for patients and involve
them in the choice, as dosing regimens that do not fit in with patient’s lives will be difficult for them
to adhere to. Patients may lack confidence in the treatment or may find prescription charges too
expensive. The patient’s situation is also an important factor, as non-adherence most commonly
occurs at particular times, such as during hospital transition of care or situations involving change
like acute illness (Laven & Arnet 2018).

Jane has been treated for breast cancer twice and, as she was not menopausal, has taken
Tamoxifen for five years. She stopped Tamoxifen after five years because of benign
endometrial polyps and now feels happier and more like herself.

On visiting her oncology clinic for a routine follow-up appointment, she is advised that
she should take Letrozole to reduce her risk of getting cancer again. Jane is now menopausal.
However, Jane has a number of friends who have experienced joint problems with Letrozole
so she is not keen to take it. Nevertheless, the doctor writes up the prescription and says 'l
think this is a really good idea. Come and see me again in six months.

Jane does not take the Letrozole but attends the appointment after six months. At
this appointment she sees a different doctor; who listens to her concerns and explains that
her risk of getting breast cancer a third time could be hugely reduced by taking Letrozole.
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The doctor also explains that, whilst some people do get joint pain, most women do
not get these side effects. If Jane experiences these symptoms, she can change to an alternative
treatment or stop. The benefit of taking Letrozole was not adequately explained in the first
consultation. The approach was autocratic and showed lack of consultation with the patient.
The second consultation was a facilitative approach clearly explaining the reduction in risk,
the risk of side effects and what could be done if Jane experienced them.

Following the second consultation, Jane took Letrozole and experienced no side
effects. She was followed up regularly by the second doctor.

Having an understanding of a patient’s lifestyle may be useful when identifying possible challenges
to adherence. Individuals tend to adopt a particular behaviour when faced with practical obstacles
in daily life, such as running out of medication or being unable to afford the prescription charge, or
travelling through different time zones (which may interfere with their regimen).

It is therefore important to be aware of negative attitudes towards continuous medication-
taking. These attitudes are as important as cultural beliefs and life experiences and ought to
be explored fully before prescribing. In addition, prescribers should always reflect on their own
practice and consider whether they hold biases or beliefs that affect the way they deal with certain
patients. If so, they should work to reduce these biases.

How big a problem is non-adherence?

The scale of non-adherence to medication regimens is significant. In developed countries,
approximately 50% of patients do not adhere to their medication regimen, and the figure is higher
in developing countries.

The implications of non-adherence are evident in the outcomes for many diseases, including
HIV, cardiovascular disease, type 2 diabetes and high cholesterol. When adherence is poor, targets
may not be achieved, and disease-related complications and adverse outcomes may increase.
There is a personal cost to the patient and to the NHS. For example, the implications of non-
adherence to contraceptive methods may result in an unwanted pregnancy and result in an
abortion. Hazell and Robson (2015) found that the estimated overall cost of wasted medication in
the NHS in England was 300 million pounds; and this figure does not take into account the cost of
further hospital visits or investigations or even abortions.

Surprisingly, the extent of non-adherence has not altered in over three decades, despite
the delivery of preventative services to patients. Yet the significance of adherence to regimen is
fundamental, not only for a successful outcome but also to reduce the spread of resistance — as
has been seen in antibiotic use. Adherence to short-term medication, such as antibiotics, is thought
to be greater than when taking medication for a longer period.
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Non-adherence may be compounded by drug form, dose and timing and by adverse side
effects. Here, prescribers can promote adherence by ensuring that patients are started on the
lowest therapeutic dose, and titrating it upwards slowly, using a regimen that is as simple as possible
while also giving accurate information on side effects and tolerability.

Failure to complete treatment is a simplistic interpretation of non-adherence, as the term
actually covers a wider spectrum of behaviour, including:

® Not starting the medication (non-acceptance)

@ Not taking the right dose daily (dosing problem)

® Not maintaining the dose at the correct time (timing problem)

® Not continuing the medicine for the prescribed period (non-persistence).

Non-adherence is not confined to a distinct location or to a particular group of people; suboptimal
adherence to medication can be seen across all settings and all groups. Nevertheless, there does
appear to be evidence of some predictors that inhibit adherence but these need to be further
explored.

Characteristics that inhibit adherence

Ethnicity, socioeconomic status and LGBT issues and sexual
preferences

There is some evidence of a link between demographic regions, ethnicity, health and socioeconomic
status for non-adherence in long-term condition medication. Reports suggest that younger age
groups and people from Black, Asian and Minority Ethnic groups (BAME) groups are more likely
not to adhere to long-term condition medication. Langley, Bush, et al. (2012) carried out research
in the UK and found that patients from BAME groups, under the age of 60, Islamic, and speakers
of Urdu or Bengali, were more likely to have a lower adherence to medication.

When this ethnicity-based research is reviewed (Basanez, Collazo, et al. 2013), lower rates
of adherence have been found to be associated with certain beliefs and experiences of prescribed
drugs and with the nature of the patient—prescriber relationship. For example, black patients
have reported feeling discriminated against by their white physicians. Connolly (2010) compared
treatment of mental illness in BAME groups and white patients and found significant differences in
rates of admission, detention and seclusion.

There are many reasons for lower adherence, including cost and poor availability of certain
medications. In addition, certain cultural beliefs and life experiences can inhibit adherence. Income,
level of education and employment status have been found to be significantly associated with the
level of adherence to medicine regimens and BAME patients have unequal access to these, in
comparison to white patients. Van Houtven, Voils, et al. (2005) carried out an observational study
in the USA which found that patients who perceived that they had received unfair treatment
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were more likely to delay investigation and treatment and this tendency was significantly higher in
people who believed the unfair treatment was the result of racism.

Somerville (2015) found that 57% of health and social care staff did not consider sexuality to
be important to patients” health needs. However, LGBT patients are less likely to trust healthcare
professionals and share information, and this is particularly hard for BAME patients who are LGBT
who may originate from countries where this is illegal.

All these studies highlight the need for prescribers to understand their patients in order
to increase adherence. Prescribers need to reflect on prescribing practice and listen to patients,
being open to changing the way they work, to reduce racism and discrimination.

Age

Older people are identified as being ‘at risk’ of non-adherence to a regimen because of a range
of factors such as multimorbidity, physical and cognitive deterioration (NICE 2017b, Duerden,
Avery & Payne 2013). So, for example, they are likely to get confused by taking a multitude

of medications, as is seen in patients taking medication for multimorbidity and/or long-term
conditions.

Polypharmacy also increases the risk of drug interactions (NICE 2017b). For example,
diuretics will increase micturition, which may cause some elderly patients to worry about
incontinence, resulting in them reducing their fluid intake and increasing their risk of urinary tract
infections.

Activity 5.2

I. Search the literature and identify three sources that explore the difference in non-adherence
between males and females.

2. Structure a short argument that supports your own conclusions as to what these statistics
demonstrate.

Children and teenagers with long-term condition medication (such as the bronchodilators used
to treat asthma or insulin-dependent diabetics) may also be at risk of non-adherence to their
regimen, possibly rejecting and rebelling against their diagnosis and treatment. In this situation,
counselling may be useful to address these issues.

Young people have been found to be the highest users of antibiotics, and also the highest
misusers, in terms of sharing them with others. This group appear to hold misconceptions about
antibiotics. They may have left home and/or may lack experience of looking after themselves.
They may also need to be educated about antibiotics and how to keep their use to a minimum by
following a healthy lifestyle and getting medical advice at an early stage (Hawking et al. 2017, NICE
2017a).
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Gender
There has been conflicting data on the effect of gender on adherence, with some research showing
women to be worse at adhering to medication (Eindhoven, Hilt, et al. 2018). Meanwhile, a study
of 76 GP practices serving patients in Birmingham found no major differences in adherence rates
between females and males (Langley, Bush, et al. 2012).

A review of the literature on adherence to prescribed medication in pregnancy found that
between 39% and 59% of women reported non-compliance during pregnancy. Their reasons
included doubts about the use and safety of the prescribed drug during pregnancy (Matsui 2012).

Long-term medication

When studying the conditions of non-adherent patients, researchers have found specific long-term
condition medication to be a major factor in non-adherence. They list those with hypertension,
beta-blocker usage after heart attacks, asthma and depression as being high on the list of non-
adherence candidates, possibly due to the lengthy period of adherence that is required. With long-
term conditions and non-adherence, it is prudent to consider depression as an underlying reason,
and whether patients fully understand why they are taking the medications and the risks if they do
not adhere to it.

Short-term/acute medication

Short-term medication and treatment for acute conditions often involve antibacterial medications.
In order to reduce resistance to antibiotics, antibiotic stewardship encourages healthcare
professionals to consider whether they are prescribing antibiotics appropriately. Ensuring that the
right prescription is given for the right infection is vital to reduce increasing drug resistance to
antibiotics (NICE 2017a). Antibiotic stewardship has identified the need to educate patients as a
vital component. Patients need to understand how to take medication, and when to contact a
healthcare practitioner if their symptoms are worsening. Patients also need to understand drug
resistance so that they understand the importance of using antibiotics appropriately.
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Anne is a 48-year-old woman with type 2 diabetes and hypertension. She lives in London, is
a single parent and has a child with special needs. Anne attends the community hypertensive
clinic with sitting blood pressure of 184/97 and heart rate of 60bpm.

Her medications consist of: irbesartan 2 x [50mg doxazosin | x 4mg;
bendroflumethiazide | x 2.5mg; glimepiride 6 x Img; metformin 2 grams MR; atorvastatin
20mg; fexofenadine 120mg and colecalciferol 20,000u. Anne also produces two other
medications (atenolol and perindopril) which she is no longer prescribed.

During the consultation Anne admits that she regularly misses taking her tablets
several times during the week and that she feels her eyesight has deteriorated.

Activity 5.3 (Case study)

I. Can you outline your approach during the consultation?

2. What are some of the factors highlighted within the scenario that could be barriers to Anne
adhering to her medication regime?

3. Can you list some of the strategies used by healthcare practitioners to encourage adherence?

Despite the strategies put in place to support and encourage adherence to her medication
afterthe first visit to the community hypertension clinic, Anne's BP remains high on subsequent
appointments at the clinic. Her BP is 200/88 mmHg.

Furthermore, she does not always attend appointments and on one occasion she has
mislaid the irbesartan and produced atorvastatin which had been discontinued. Anne also
confirms that she does not like taking blister packs, as taking everything in it makes her dizzy
so she has decided she won't use it.

With support and implementation of the strategies considered above, Anne's BP
returns to acceptable limits as her adherence to medication and lifestyle changes improve. At
her last clinical visit, BP readings were within the following range: [46/80—138/76.

She is now maintained on a regime of: irbesartan 300mg daily; amlodipine |0mg
daily; glimepiride 6mg daily; sitagliptin 100mg daily and insulatard 22 units in a morning. She
also appears more in control and comfortable with the agreed approach to managing her
conditions, especially the reduction in the number of medications.
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Activity 5.3 (Case study continued)

4. What approaches could the hypertension specialist nurse use to monitor Anne’s adherence
to her medication? Can you give some examples?

The information in this case study is adapted from a real-life scenario and shows that Anne was
finding it difficult to manage all the different tablets she had been prescribed. In addition, the
scenario indicates that she had limited understanding (before seeing the hypertension nurse
specialist) of the different types of medication and the impact of not taking them appropriately.

This example also demonstrates that managing adherence is not straightforward and there
may be periods of relapse. It therefore takes time and patience to improve adherence, and patients
and healthcare practitioners need to work in partnership.

Summary

Ensuring the patient’s adherence to their medicine regimen is fundamental to effective treatment
and the general consensus is that adherence support requires a systems approach. It is therefore
important to understand and explore adherence and non-adherence with the patient before
prescribing treatment. There are numerous factors that may influence a patient’s decision-making
when it comes to taking medication. For the healthcare professional, having a good understanding
of these factors is paramount. The healthcare professional should also be aware of typical behaviour
patterns and take these into consideration to help the patient gain the highest possible level of
adherence and the most successful clinical outcome.

Answers to activities
Activity 5.1

. Can you suggest other strategies to support adherence?

You could have included: Support for behaviour change, risk minimisation and skills acquisition,
knowledge and clinical service use outcomes, self-management programmes (training, counselling,
education), self-monitoring, simplified dosing regimens, liaising with pharmacists (follow-ups, care
plans, medication reviews), delayed antibiotic use, reminders, cues, incentives, recall, home visits,
free vaccination (Ryan et al. 2014).

2. Reflect on your own experience or that of your peers and outline one or two
case studies that support the efficacy of the strategies that you suggested.
As this is a reflective account, there are no prescribed answers to this activity.
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Activity 5.2

l. Search the literature and identify gender differences in factors associated
with adherence.

Experts have suggested there are no definitive gender differences regarding non-adherence.
However discrepancies in some papers have suggested that women are slightly more inclined
to be non-adherent to regimen, and there is a need to collect data on whether there has been
support for the individual, previous health literacy and other psychosocial variables in order to
explain non-adherence barriers. Other variables suggested to explain greater female medication
non-adherence relate to balance and risk factors, less personal control and enhanced illness
coherence problems. Further possibilities have included increased alcohol use, along with other
social factors, such as lack of long-term housing, not belonging to a support group, medication
side effects and current drug use (Kardas, Devine, et al. 2005, Granger, Ekman, et al. 2009, Berg,
Demas, et al. 2004).

2. Structure a short argument that supports your own conclusions as to what
these statistics demonstrate.

This may include:

» Statistical significance

* Imbalance of females to males in a study

* Too few participants in a study

* Differences in culture and attitudes to females

* Data not available to identify whether females were given full information on their medication
* Background of authors.

Activity 5.3 (Case study)

. Can you outline your approach during the consultation?

The following answers outline important aspects — they do not give a comprehensive account.

* Refer to information in chapter: RSP framework & NICE (2009)

* Carry out medication review: Anne is a candidate due to her polypharmacy, long-term
conditions (hypertension, diabetes), evidence of non-adherence (subjective as confirmed by
patient, and objective BP levels). Enough time should be allowed to obtain a comprehensive
history and assessment.

* The medicine review should also focus on: addressing Anne's needs and preferences;
considering how to involve Anne in her own treatment; exploring Anne's understanding
of her condition and medication; exploring the reasons for Anne's non-adherence and the
complexities of her family life; the adverse effects of her non-adherence; any interactions
between her prescribed medication and over-the-counter drugs; the effectiveness and safety
of her regimen in managing her condition; and whether any of the medication is unnecessary.
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* Manage polypharmacy: reducing number of medications.

* Work with other members of the MDT, including the diabetic nurse specialist, the
optometrist/ophthalmologist and the social worker.

 Consider what practical support can be provided: Anne may need financial and social support;
reminder strategies that she is comfortable engaging with; written information regarding
medication and list of medication.

* Provide individualised self-documented medication plan.

2. What are some of the factors highlighted within the scenario that could be
barriers to Anne adhering to her medication regime?

Examples may include:.

* Her long-term condition (hypertension) tends to cause few clinical signs or symptoms
* She may be struggling with polypharmacy

* Her social situation — how she is coping with her home life

* Her possible lack of a support network

* Physical barrier — deterioration in her eyesight.

3. Can you list some of the strategies used by healthcare practitioners to
encourage adherence?

Examples may include:.

* Medication review

* Patient involvement

* Effective communication

* Strategies that are tailored to the patient’s needs

* Involvement of a specialist practitioner

* Involvement of several practitioners through the multidisciplinary team (e.g. diabetic nurse
specialist and social service support)

» Offering support, including education, electronic reminders and social support.

4. What approaches could the hypertension specialist nurse use to monitor
Anne’s adherence to her medication?

Examples may include:.

¢ Clinical BP measurements

* Monitoring of blood glucose levels
* Self-reporting.
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This chapter:

@ Provides best practice guidance for prescribing in pregnancy and breastfeeding

® Discusses how the mode of action and pharmacokinetics of medicines are altered due to
physiological changes in pregnancy

® Discusses the effects that drug exposure in pregnancy and lactation can have on the foetus
or the neonate

® Describes the management of common symptoms and medical conditions during pregnancy.

Infroduction

The use of medicines in pregnancy is very common but the safety of many medicines in pregnancy
is unknown. Some medicines can increase the chances of congenital malformation, stillbirth,
miscarriage, learning difficulties or other developmental issues in the foetus which may only be
noticed later in life. Prescribing in pregnancy is therefore complex and can be further complicated
by the physiological changes that occur during pregnancy. The risks and the benefits to the mother
and to the developing foetus should therefore be considered before prescribing a medicine.

Good practice principles

In accordance with the Nursing and Midwifery Council (2019), collaborative working is key when
providing care to pregnant women. All pregnant women should have a named midwife throughout
pregnancy, labour and the postnatal period. Care under a midwife should commence as soon as
possible. Before making a prescribing decision, midwife prescribers should follow The Prescribing
Competency Framework (2016) as set out by the Royal Pharmaceutical Society (RPS) and Trust
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prescribing policies. Nurse prescribers should exercise their professional judgement based on best
practice guidance such as the National Institute for Health and Care Excellence (NICE) pathways.
They must also be able to recognise if a situation falls outside their competence and seek advice or
refer to specialists accordingly.

When offering care during pregnancy, healthcare professionals should enable a woman to
make informed decisions, tailored to her needs, having discussed matters fully beforehand. Medicines
should be prescribed only if the expected benefit to the mother outweighs the risk to the foetus.
Where use of a medicine in pregnancy is unavoidable, medicines that have been extensively used
in pregnancy and appear to be generally safe should be used in preference to those which are new
or have not been tried before. All medicines prescribed in pregnancy should be prescribed at the
lowest effective dose for the shortest possible duration.

Midwives, exemptions

Midwives may supply and administer, without a prescription or written direction from a doctor; any
substances specified in medicines legislation under midwives' exemptions, as long as it is within their
professional midwifery practice. If a medicine is not included in midwife exemptions, a prescription
will be required. However, as Trust employees, the medicines that midwives may supply must be
approved by the Trust due to vicarious liability.

Midwives have an exemption clause in the Prescription Only Medicines (Human Use)
Order 1997, which links to the 1968 Medicines Act. ‘Exemptions’ are distinct from ‘prescribing.
Midwives may only prescribe if they have completed a recognised prescribing course and have the
qualifications recorded on the NMC's professional register. Practising as a Midwife in the UK (NMC
2020) provides an overview of midwives” exemptions, which includes up-to-date information and
legislation.

Stages of foetal development

In order to assess the foetal risk of drug exposure, it is important to understand the different stages
of foetal development. There are three main stages of antenatal development — pre-embryonic,
embryonic and foetal.

Pre-embryonic stage (0-2 weeks post-conception)

This stage refers to the first 2 weeks post-conception when the fertilised ovum is implanted in the
uterus. Exposure during the pre-embryonic stage to a teratogen is thought to prompt the ‘all or
nothing' response. This response will either cause death of the embryo (if most cells are affected),
leading to a spontaneous miscarriage, or survival of the embryo (if only a few cells are affected) and
progression of normal foetal development.

96



Pharmacological case studies: Pregnancy and breastfeeding

Embryonic stage (3-8 weeks post-conception)

During this stage, cell differentiation and major organ formation (organogenesis) occur. This is
thought to be the most critical time for embryonic exposure to teratogens as the embryo is at
its most vulnerable. If the differentiated cells are harmed, it could lead to permanent defects to
organs as these cells will be irreplaceable. If possible, all drugs should therefore be avoided in the
first trimester.

Foetal stage (9-38 weeks post-conception)

The foetus continues to grow, develop and mature during this stage. The foetus therefore remains
vulnerable to teratogenic drug effects. Damage to the central nervous system and renal dysfunction,
for instance, can occur with exposure to certain drugs as the cerebral cortex and renal glomeruli
are still developing. The placenta is fully functioning at 12 weeks.

Central Nervous System
(Brain and spinal cord)
Weeks 3 to full term

Ears

Eyes Weeks 4% to 20

Weeks 4% to full term

Teeth
Weeks 6% to full term
Palate

Heart Weeks 6% to 16

;

Weeks 3% to 9 Upper Limbs

Weeks 4% to 9

Lower limbs
Weeks 4% t0 9

External genitalia
Weeks 7 to full term

Figure 6.1: Stages of foetal development
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Teratogenicity

Teratogenicity occurs when an agent or a factor can cross the placenta and cause congenital
malformations. These factors/agents are known as teratogens. However, the definition of ateratogen
extends to any agent that can directly or indirectly cause structural or functional abnormalities in
the foetus and is therefore not only limited to agents that cross the placenta. The incidence of major
congenital malformations is estimated to be between 2 and 3%. However, most of these defects
(>75%) have an unknown cause. Only a small percentage (1-2%) are thought to be due to drugs
and not all exposures will cause abnormalities.

One of the most famous potent teratogens is thalidomide. Thalidomide was first marketed
in 1957 in Germany as a sedative. It was later found that the drug had anti-emetic properties and
was also effective against morning sickness. As thalidomide was available to purchase over the
counter; thousands of pregnant women in many countries took the drug to remedy their morning
sickness symptoms.

Following its use, many babies were born with severe anatomical birth defects such as amelia
and phocomelia. Amelia is the complete absence of one or more limbs and phocomelia is defined
as the loss, or severe shortening, of the long bones of the limb (upper and/or lower). In the UK
thalidomide was withdrawn from the market in 1961.

The thalidomide disaster prompted many countries to introduce more rigorous rules and
regulations on the testing and licensing of medicines. Decades later, thalidomide was reintroduced
and licensed for the treatment of myeloma. It is also used by dermatologists off-licence for several
treatment-resistant skin conditions such as leprosy. If treatment is to be initiated, all women of
childbearing potential should be counselled about the risk of severe birth defects and must be
entered in a pregnancy prevention programme before starting thalidomide. Thalidomide must
never be taken during pregnancy.

Principles of teratogenicity

When assessing the risk of reproductive or developmental toxicity associated with the use of a
drug or other agent during pregnancy, it is important to consider four fundamental principles,
which are discussed below.

Principle 1: Drug dose

The potential for teratogenicity to occur is usually dose dependent. Almost all drugs that are known
to be toxic to the foetus or the embryo have a dose threshold below which the drug does not
exert any teratogenic effects. It is therefore recommended to always use the lowest effective dose
when prescribing medicines in pregnancy. Certain medicines also require more frequent blood
monitoring to ensure that dosing is appropriate throughout pregnancy.
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Principle 2: Suscepfibility of the species

Some species are more susceptible to the teratogenic effects of a drug or other agent. A drug that
produces birth defects in one species can have little or no effect in others. In some cases, although
a drug can cause similar effects in multiple species, the defects may vary in the incidence of their
occurrence. In other cases, one drug may cause various types of defects in different species. These
variations are due to genetic differences (such as receptor sensitivity to a teratogen) and can also be
affected by environmental factors.

Studies on rodents are usually used to evaluate the safety of medicines in pregnancy but
rodents are physiologically, metabolically and developmentally very different from humans. If a
drug causes toxicity to the foetus or embryo in various animal species, it may indicate that it has
teratogenic potential in humans. However, if a drug does not exert teratogenic effects in animals, it
cannot be assumed that it is safe to use in human pregnancies.

Principle 3: Timing of exposure

The timing of drug or chemical exposure during a pregnancy can determine the likelihood, severity
and nature of the resulting foetal or embryonic toxicity. For instance, the period of greatest
teratogenic risk with thalidomide exposure is between 20 and 36 days after conception. The risks
therefore vary between different foetal developmental stages in different trimesters. This explains
how exposure at an early stage of pregnancy can cause morphological issues for the foetus but at
a later stage it can have adverse functional or development effects.

Principle 4. Mode of action of drug

It is vital to understand the actions of different drugs in order to understand how they can disturb
the development of the foetus. When assessing the risk, it can be useful to identify which specific
molecular components teratogens target during pregnancy.

Table 6.1: Examples of possible teratogenic effects caused by
specific drugs or agents

Drug/agent Possible teratogenic effect/s (non-exhaustive)

[sotretinoin ¢ Central nervous system abnormality (hydrocephalus, microcephaly), facial
dysmorphia, cleft palate, external ear abnormalities, eye abnormalities,
cardiovascular abnormalities

Tetracyclines * Discoloration of teeth, bone growth adverse effects

Drug/agent Possible teratogenic effect/s (non-exhaustive)

(table continued overleaf)
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Table 6.1 continued

Carbamazepine * Neural tube defects

Warfarin * Foetal warfarin syndrome, characterised by nasal hypoplasia, short limbs
and digits, stippled epiphysis

Methotrexate * Craniofacial defects, malformations of the digits, defects of spine and ribs

Sodium valproate * Neural tube defects (spina bifida in particular), orofacial clefts, cardiac
effects

Alcohol * Foetal Alcohol Spectrum Disorders (FASD); at the severe end of the

spectrum, FASD effects may include growth retardation, characteristic
facial features and central nervous system abnormalities leading to neuro-
behavioural problems

Cocaine * Spontaneous abortion, placental abruption, intra-uterine growth
retardation, Sudden Infant Death Syndrome (SIDS)

The risk of birth defects increases with the number of drugs being taken at the same time. In
women with epilepsy, it has been observed that the incidence of foetal malformations increases
with the number of anti-epileptic medicines taken together.

Physiological and pharmacokinetic changes in
pregnancy

During pregnancy several physiological and pharmacokinetic changes occur in the mother’s body.
Knowledge of these changes is important in order to understand how the body’s handling of
medicines is altered and what adjustments and monitoring may be needed. For example, blood
flow to the skin and the lungs is increased, so there is greater absorption from these sites. Increased
pulmonary perfusion can lead to increased absorption of pollutants, such as cigarette smoke,
bronchodilators and other volatile agents.

Meanwhile, absorption from the gut slows down. Due to increased gastrointestinal emptying
time and reduced gastrointestinal motility, absorption of medicines from the gut can be slower,
leading to a delay before a particular medicine takes effect.

Total body water increases in pregnancy by approximately 8 litres; and a 30% increase in
cardiac output results in an increased volume for medicines to be distributed in. When combined
with an increase in renal perfusion (of up to 50%), this can lead to increased dosages being required
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for certain medicines, unless this is counterbalanced by other factors.

Plasma proteins can also be affected during pregnancy. Albumin, which binds acidic drugs,
is decreased so the concentration of the unbound drug may increase in the plasma. Monitoring is
required to maintain the drug dose within therapeutic levels and avoid drug-related toxicity.

Changes in drug metabolism during pregnancy are more complex and more difficult to
predict but can have a significant impact on drug dosing. For instance, knowledge of the effect of
pregnancy on cytochrome P450 isoenzymes, and which isoenzymes are involved in the metabolism
of specific drugs, can be useful to inform decisions about monitoring and dosing adjustments. In
particular, an increase of approximately 50% in the glomerular filtration rate (GFR) leads to faster
elimination of medicines, which are excreted unchanged by the kidneys.

In most cases there is no significant impact on the effectiveness of medicines but in some
cases close monitoring may be required as treatment may be ineffective if drug concentrations
drop below therapeutic levels.

Table 6.2: Summary of the key pharmacokinetic changes that
occur in pregnancy

Parameter Change in pregnancy Possible consequences

Absorption \ Gastrointestinal motility Delay in absorption, leading to a
longer time to onset of action of
some medicines.

Distribution N Plasma volume Higher doses of hydrophilic
medicines may be required to
achieve the same therapeutic effect.

N Body water

¥ Plasma albumin Increase in the unbound
concentration of protein-bound
medicines. More frequent monitoring
may be required.

/N Fat deposition Increased distribution of lipophilic
medicines.

(table continued overleaf)
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Table 6.2 continued

Parameter Change in pregnancy Possible consequences

Metabolism VN Hepatic activity The metabolic activity of certain
cytochrome P450 isoenzymes (such
as CYP3A4, CYP2D6, CYP2A6 and
CYP2C9) is increased in pregnancy,
whereas it is decreased for CYPIA2
and CYP2CI9.

Depending on which cytochrome
P450 isoenzyme metabolises, a drug
dose adjustment may be needed.

Excretion N Glomerular filtration Medicines which are excreted

N Renal blood flow unchanged by the kidneys will be
eliminated faster from the body and
dosing frequency may therefore need
adjusting.

Properties of drugs

It is estimated that most drugs cross the placenta by simple diffusion. The degree to which drugs
will cross the placenta depends on several properties: molecular size, degree of ionisation, extent
of protein binding and lipid solubility. The placenta is a lipid barrier between the maternal and
foetal circulation. It therefore favours the transfer of fat-soluble over water-soluble drugs. lonised
hydrophilic dugs are less likely to cross the placenta than non-ionised lipid-soluble ones. Drugs with
a high molecular weight, such as heparin, do not tend to cross the placenta.

Activity 6.1
Taking into consideration the properties of the drugs/agents below, describe whether
or not each one is likely to cross the placenta:

|. Enoxaparin
2. Diazepam
3. Insulin

4. Alcohol
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Pre-conception and planning a pregnancy

When prescribing medicines in women of childbearing potential, the choice of medicine should
be carefully considered, as almost half of all pregnancies are unplanned. Women with pre-existing
medical conditions, such as epilepsy, asthma and diabetes, should be advised to seek specialist
assessment before trying to conceive and medicines should be reviewed and adjusted or changed
to alternative safer options. In women with epilepsy, for instance, pharmacotherapy with one agent
at the lowest effective dose is ideal.

When women with long-term conditions are planning a pregnancy, compliance with medicines
is also a key factor for practitioners to consider. For many women, the fear of potential harm to
the baby from medicines they are taking can lead to non-adherence. However, this non-adherence
may result in inadequate control of their medical condition, which may be more detrimental to the
health of both mother and foetus. Patient education should be provided to enable women to make
decisions based on clear, up-to-date information.

Contraception and pregnancy testing
Women using medicines with known teratogenic potential should avoid getting pregnant during
treatment and should be advised on the need to use contraception. In some cases, these patients
are entered in a formal pregnancy prevention programme. The choice of the most effective
contraceptive should take into account awoman's personal circumstances. The Medicines and Health
Products Regulatory Agency (MHRA) continues to receive reports of inadvertent exposure to
medicines with teratogenic potential, as women may sometimes be unaware that they are pregnant
at the start of their treatment. Pregnancy testing is therefore advised as an additional measure to
avoid inadvertent exposure to such medicines during early pregnancy. The MHRA have developed
guidance for prescribers on the frequency of pregnancy testing needed, depending on the chosen
contraceptive method, to avoid exposure to teratogens during pregnancy (MHRA 2019a, 2019b).

Sodium valproate, which is a medicine used for epilepsy, is highly teratogenic. It carries
an approximately 30-40% risk of neurodevelopmental disorders and 10% risk of congenital
malformations occurring if used in pregnancy. Sodium valproate must not be used in women
and girls of childbearing potential unless the conditions of the Pregnancy Prevention Programme
are met; and it must only be used if alternative treatments are not tolerated or a specialist does
not think alternative treatments will be effective. Strict guidance is issued by the MHRA on the
implementation of the Pregnancy Prevention Programme, setting out the responsibilities and
actions that need to be taken by different healthcare professionals involved in the prescribing and
dispensing of sodium valproate.

Women receiving methotrexate therapy also need to ensure that they do not get pregnant
during treatment and must be counselled regarding pregnancy prevention and planning. Effective
contraception must be used during methotrexate treatment and for at least six months thereafter.
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Paternal exposure

It is generally thought that there is unlikely to be a significantly increased risk of teratogenicity following
paternal exposure to drugs or chemicals — unless the compound is a mutagen with the potential to
cause genetic changes to sperm. Theoretically, this might pose an increased risk of adverse effects
to the foetus. However, for most medicines, the outcome following paternal exposure has not been
studied. Usually, men who are exposed to cytotoxic or mutagenic substances (e.g. methotrexate)
are advised to wait about six months (two sperm cycles) before attempting conception. This is
thought to allow enough time for regeneration of exposure-free sperm.

UK Teratology Information Service

The UK Teratology Information Service (UKTIS) is commissioned by Public Health England to
provide evidence-based information and advice to healthcare professionals in the UK. UKTIS also
conducts surveillance on the foetal effects of maternal exposure to medicines and other chemicals
during pregnancy. Healthcare professionals should seek advice from UKTIS to ensure safer
prescribing in pregnancy.

Activity 6.2

To assess the risks of a medicine or chemical exposure in a pregnant woman, you may
decide to contact UKTIS for advice. What information about your patient would be
useful to provide in the following scenarios?

I. A medicine is to be used for a therapeutic reason

2. The patient has inadvertently been exposed to a chemical or a drug.

Nutritional supplements

Folic acid

To reduce the risk of neural tube defects (such as spina bifida) occurring in the foetus, pregnant
women and those planning a pregnancy are advised to take folic acid supplements before conception
and for the first 12 weeks of the pregnancy. The recommended dose is 400 micrograms daily.
However, a higher dose of 5mg daily is recommended for women who at higher risk of conceiving
an infant with a neural birth defect. Women considered to be in the high-risk group are those who
have previously had a child with a neural tube defect, those taking anti-epileptic medicines and those
who have diabetes or sickle cell disease (NICE 2019a).
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lron

Iron supplementation should be offered only where indicated and not offered routinely to all
pregnant women. It can cause unpleasant maternal side effects and does not benefit the health of
the mother or the baby (NICE 2019a).

Vitamin A

All pregnant women should be informed of the teratogenic risk with the intake of vitamin A (above
700 micrograms) and should therefore avoid it. Liver and liver products, in particular, may contain
high levels of vitamin A. Consumption of these products should therefore also be avoided (NICE
2019a).

Vitamin D

During pregnancy and breastfeeding, it is important for women to maintain adequate levels of
vitamin D for the benefit of their own health as well as their baby's. It is therefore advised that
women should take a vitamin D supplement (10 micrograms of vitamin D per day). This should
be followed more stringently by those at a greater risk of vitamin D deficiency (NICE 2019a),
particularly:

® \Women with darker skin (such as those of African, Afro-Caribbean or South Asian family origin)

® Women who have limited exposure to sunlight (e.g. housebound or confined indoors for long
periods, or who cover their skin for cultural reasons).

Managing common symptoms and medical
conditions during pregnancy

This section covers the management of common symptoms in pregnancy. Non-pharmacological
treatment options should be considered first, where possible, to minimise the risks from medicines
to the foetus. A medicine should be prescribed only when it is essential. Polypharmacy should be
avoided, and women should be advised to seek advice from a healthcare professional before taking
any medicine, including medicines bought from a pharmacy or a shop and any herbal remedies.
Only a few over-the-counter medicines and complementary medicines have been established as
being safe and effective in pregnancy, so these should also be avoided or used as little as possible.

Nausea and vomiting in early pregnancy

Nausea and vomiting are common symptoms in early pregnancy and these symptoms are usually
attributed to the effects of the human chorionic gonadotrophin (HCG) hormone produced by the
placenta. Women should be advised that most cases of nausea and vomiting resolve spontaneously
within 16 to 20 weeks without causing any harm to the pregnancy. Non-pharmacological treatments
that have been shown to be effective in reducing symptoms, include (P6) wrist acupressure and
ginger. In available studies, ginger was taken as capsules, biscuits, syrup and even tea, with doses
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ranging from 0.6g to 2.5¢g daily for 421 days during pregnancies between |12 and 20 weeks gestation.
A dose of <I.5g is considered adequate for relief of nausea and a maximum dose of 2g per day is
considered safe for use in pregnant women (Specialist Pharmacy Service 2019).

Where symptoms are debilitating, and non-pharmacological treatments have failed,
antihistamines (such as promethazine or cyclizine) are the drugs of choice, though these can cause
drowsiness as a side effect. Prochlorperazine is an alternative first-line antihistamine, but it should
be used with caution due to the risk of dystonic reactions in young pregnant women.

Second-line agents include domperidone and metoclopramide. These are not recommended
as first-line anti-emetic agents, as there are concerns over potential maternal side effects that can
occur with their use. Domperidone is associated with a small increased risk of serious cardiac side
effects. Metoclopramide has been used at all stages of pregnancy without evidence of toxicity to
the foetus or the embryo. However, it can cause extrapyramidal side effects (such as dystonic-
dyskinetic head and neck movements), particularly in young women.

Ondansetron is also limited to second-line use at present. Although there is encouraging data
on pregnancy outcomes, further research is required to investigate a possible small increased risk
of orofacial cleft palate malformations when it is used during the first trimester and some concerns
about possible cardiac and kidney malformations.

Table 6.3: Recommended anti-emetic therapies and dosages
(RCOG 2016)

First line ¢ Cyclizine 50mg PO, IM or IV 8 hourly
* Prochlorperazine 5-10 mg 6—8 hourly PO; 12.5mg 8 hourly IM/IV; 25mg
PR daily

* Promethazine 12.5-25mg 4—8 hourly PO, IM, IV or PR
* Chlorpromazine 10-25mg 4—6 hourly PO, IV or IM; or 50—100mg 6—8
hourly PR

Second line * Metoclopramide 5—-10mg 8 hourly PO, IV or IM (maximum 5 days’
duration)

* Domperidone 10mg 8 hourly PO; 30—60mg 8 hourly PR

¢ Ondansetron 4-8mg 6—8 hourly PO; 8mg over |5 minutes 12 hourly IV

Third line ¢ Corticosteroids

* Hydrocortisone 100mg twice daily IV

¢ Once clinical improvement occurs, switch to prednisolone 40—-50mg daily
PO, with the dose gradually tapered until the lowest maintenance dose
that controls the symptoms is reached

PO: per oral (by mouth); IV: intravenous; IM: intramuscular; PR: per (by) rectal

If oral preparations cannot be tolerated, other administration routes can be used.
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Xonvea®, a delayed-release tablet formulation of doxylamine 10mg (an antihistamine) and
pyridoxine 10mg (vitamin B6) was marketed in the UK in 2018. It is the first anti-emetic specifically
licensed for treatment of nausea and vomiting in pregnancy when conventional management has
not worked. However, there is no evidence to show how the safety and efficacy of doxylamine/
pyridoxine compares with current first-line treatment options such as antihistamines (NICE 2019¢).

Dyspepsia

Dyspepsia occurs in 30-80% of women at some point during their pregnancy, and it is due to
gastro-oesophageal reflux involving a combination of mechanical and hormonal factors (CKS 2017).
Lifestyle and diet modification advice should be offered to women presenting with symptoms of
dyspepsia. This includes:

@ Eating smaller meals more frequently (every 3 hours)

® Avoiding eating late at night (less than 3 hours before bedtime)

® Avoiding known irritants (e.g. alcohol, caffeine, carbonated drinks, fatty and spicy food)

@ Keeping a food diary to identify triggers

@ Raising the head by 10—I5cm in bed

® Avoiding medicines that may trigger symptoms where possible (e.g. NSAIDs)

@® Stopping smoking (if applicable).

If heartburn remains troublesome, despite lifestyle and diet modification measures, antacids
may be offered. Antacid products containing combinations of aluminium and magnesium are
recommended on an ‘as required’ basis. Alginate products (such as Gaviscon® Advance) are
particularly useful if symptoms of gastro-oesophageal reflux are dominant. Antacids affect the
absorption of many drugs and may damage enteric coatings, so these should not be taken at the
same time as other medicines.

If symptoms are severe or persist (despite treatment with an antacid or alginate), an acid-
suppressing medicine such as ranitidine (off-label in pregnancy) or omeprazole is recommended.
The recommended dose for ranitidine is 150mg twice a day. The standard dose for omeprazole
is 20mg daily, although a lower dose of 10mg has been shown to be effective in some people.
Therefore, the lowest effective dose should be prescribed in pregnancy (CKS 2017).

Constipation

Women who present with constipation in pregnancy should be offered information regarding diet
modification, such as bran or wheat fibre supplementation. They should also be offered advice on
fluid intake and activity levels, as appropriate. If these measures are ineffective, or symptoms do not
respond adequately, short-term treatment with oral laxatives can be considered. The dose, choice,
and combination of laxatives used should be adjusted, depending on the woman's symptoms, their
preference, the desired speed of symptom relief and the response to treatment. A bulk-forming
laxative (such as ispaghula) is first-line. If stools remain hard, an osmotic laxative (such as lactulose)

107



Pharmacology case studies for nurse prescribers

can be taken. If stools are soft but difficult to pass, or there is a sensation of incomplete emptying, a
short course of a stimulant such as senna can be considered. If the response to treatment remains
inadequate, a glycerol suppository can be considered to provide relief (NICE 2019a).

Haemorrhoids

There is lack of evidence on the effectiveness of treatments for haemorrhoids in pregnancy. Diet
modification and advice to minimise constipation and straining should be given. An increase in daily
fluid and fibre intake is advised to promote soft, bulky regular stools, to relieve constipation and

reduce straining. If symptoms persist despite these measures, a topical preparation for haemorrhoids
can be offered (NICE 201%a).

Varicose veins
Varicose veins are a common symptom of pregnancy and do not cause harm. Compression
stockings can ease the symptoms but will not prevent varicose veins from emerging (NICE 2019a).

Vaginal discharge

An increase in vaginal discharge is a common physiological change that occurs during pregnancy.
If it is associated with itch, soreness, offensive smell or pain on passing urine, the cause may be an
infection and investigation should be considered. If vaginal candidiasis is suspected, a seven-day
course of a topical imidazole is an effective treatment. There is uncertainty about the effectiveness
and safety of oral treatments for vaginal candidiasis in pregnancy so these treatments should not
be offered (NICE 2019a).

Backache
Exercising in water, massage therapy, and group or individual back care classes may help to ease

back pain during pregnancy. Paracetamol is generally considered to be safe to use in pregnancy
(NICE 2019a).

Diabetes

It is estimated that approximately 5% of pregnant women have either pre-existing diabetes or
gestational diabetes. Women with pre-existing diabetes who are planning to get pregnant should
establish good blood glucose control before conception and continue this throughout pregnancy to
reduce the risk of miscarriage, congenital malformation and stillbirth. Folic acid (5mg daily) should
be taken until 12 weeks of gestation to reduce the risk of having a baby with a neural tube defect.
The recommended capillary plasma glucose ranges are the same as those for people with type |
diabetes:

@ A fasting plasma glucose level of 5—/mmol/litre on waking

® A plasma glucose level 4—7/mmol/litre before meals at other times of the day.

Women should also aim to keep their HbAlc level below 48mmol/mol (6.5%), if this is
possible without causing problematic hypoglycaemia (NICE 2015).
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All oral anti-diabetic drugs, except metformin hydrochloride, should be discontinued before
pregnancy (or as soon as an unplanned pregnancy is identified) and replaced with insulin therapy
(NICE 2015). Metformin is a biguanide used in the management of type 2 diabetes or off-licence
in pregnant women with type | diabetes. It acts by lowering basal and postprandial plasma glucose
without stimulating insulin secretion, thereby reducing the risk of hypoglycaemia associated with
insulin therapy. The available evidence does not show an increased risk of congenital malformation,
or other adverse effects on the foetus, with the use of metformin.

Gestational diabetes can develop during pregnancy and usually disappears after giving birth.
It can occur at any stage of pregnancy but is more common in the second or third trimester. It
develops as a result of insufficient production of insulin to meet the extra needs in pregnancy.

To estimate the risk of women developing gestational diabetes, the following risk factors should be
determined (NICE 2015):

® BMI above 30kg/m?

@ Previous macrosomic baby weighing 4.5kg or above

® Previous gestational diabetes

@ Family history of diabetes (first-degree relative with diabetes)

@® Minority ethnic family origin with a high prevalence of diabetes.

In individuals who have a fasting plasma glucose level below 7mmol/litre at diagnosis, a trial of
changes in diet and exercise should be considered first. If blood glucose targets are not met within
|2 weeks, despite these lifestyle modifications, metformin should be offered. If metformin is not
suitable, then insulin should be considered instead (NICE 2015).

In insulin-treated diabetes, the rapid-acting insulin analogues (aspart and lispro) have
advantages over soluble human insulin during pregnancy. Women using insulin should be informed
of the risks of hypoglycaemia and impaired awareness of hypoglycaemia in pregnancy, particularly in
the first trimester. They should therefore always carry with them a fast-acting form of glucose (e.g.
dextrose tablets or glucose-containing drinks).

Best practice guidelines should be referred to for further information on the diagnosis and
management of diabetes during pregnancy, labour and birth (American Diabetes Association 2020,
NICE 2015).

A 35-year-old woman is planning to get pregnant. She was diagnosed with type 2 diabetes
two years ago and is currently taking gliclazide 80mg once a day. Her last HbA I c level was
55mmol/mol (7.2%).
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Activity 6.3 (Case study)

What advice would you give this woman, and what changes to her medication would
you consider?

Hypertension

Hypertension can present in different ways in pregnancy:

@® Chronic — pre-existing hypertension or detected before 20 weeks of gestation

® Gestational — new hypertension presenting after 20 weeks of gestation without significant
proteinuria

® Pre-eclampsia — new hypertension presenting after 20 weeks with significant proteinuria
@ Eclampsia — occurrence of seizures associated with pre-eclampsia.

Hypertensive disorders occur in 8—10% of all pregnancies. Women are at high risk of developing
pre-eclampsia if they have any of the following risk factors (NICE 2019b):

@® Hypertensive disease during a previous pregnancy

® Chronic kidney disease

® Autoimmune disease such as lupus erythematosus or antiphospholipid syndrome

® Type | ortype 2 diabetes

@® Chronic hypertension.

Women with one of the above risk factors should be advised to take 75—150mg aspirin daily
from 12 weeks gestation until birth. The same advice applies to women who have more than one
moderate risk factor from the following (NICE 2019b):
® First pregnancy
® Age 40 years or older
® Pregnancy interval of more than 10 years
® Body mass index (BMI) of 35kg/m?* or more at first visit
@ Family history of pre-eclampsia
® Multi-foetal pregnancy.

Women with chronic hypertension who are planning a pregnancy should be referred to a
specialist in hypertensive disorders to discuss the risks and benefits of treatment. If they are taking
angiotensin-converting enzyme (ACE) inhibitors (e.g. ramipril) or angiotensin Il receptor blockers
(ARBs) (e.g. losartan) or thiazide (e.g. bendroflumethiazide) or thiazide-like diuretics, they should
be advised that these drugs carry an increased risk of congenital abnormalities if taken during
pregnancy. Alternative treatment should therefore be discussed as appropriate.

If a woman becomes pregnant, ACE inhibitors or ARBs should be stopped within two
working days of notification of the pregnancy, and alternative treatments should be offered (NICE
2019b).
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Labetalol is the drug of choice when treating chronic hypertension in pregnant women. If
labetalol is unsuitable, nifedipine should be offered. Methyldopa is the third-line option if neither
labetalol nor nifedipine is suitable. The choice of anti-hypertensive treatment should take into
account any pre-existing treatment, side-effect profiles, risks (including foetal effects) and the
woman'’s preference. The target blood pressure is 135/85mmHg, when using medicines to control
hypertension in pregnancy (NICE 2019b). This treatment protocol with the pharmacological agents
outlined so far also applies in the treatment of gestational hypertension and pre-eclampsia. Best
practice guidelines should be referred to for further information on the diagnosis and management
of hypertensive disorders during pregnancy, labour and birth (NICE 2019b).

Mental health disorders

The most common mental health disorders encountered in pregnancy are depression and anxiety.

Around 12% of women experience depression and approximately 13% experience anxiety at some

point, and many women will experience both. These conditions also affect 15-20% of women in

the first year after childbirth. It is therefore of the utmost importance that healthcare professionals

discuss mental health with all women of childbearing potential who have a pre-existing, new or past

mental health problem (NICE 2020). The discussions should include:

® Any plans to get pregnant and the use of contraception

@ The effects of pregnancy and childbirth on mental health, including the possibility of relapse

® The effects of treatment for a mental health disorder on the mother, the foetus and the
infant

® The effects of mental health disorders and associated treatments on parenting.

The most up-to-date data should be considered when deciding to prescribe psychotropic
medicines for women with childbearing potential. Women should be involved in all decisions
concerning their care and that of their babies. A multidisciplinary integrated care plan should be
developed for any woman with a mental health problem to ensure that interventions are offered
in a timely manner in the postnatal period and care provided is effective, with ongoing review. In
women who are stabilised on an antidepressant, it may be appropriate to continue their current
treatment to minimise the risks associated with destabilisation, especially in cases where there is a
high risk of relapse (NICE 2020).

Medicines during breastfeeding

It is widely recognised that breastfeeding provides immunological and nutritional benefits for
infants. However, when a mother takes medicines, there are concerns about the possible effects
on the infant. There is little evidence available on this. However, the potential for harm to the infant
theoretically depends on:

@® The amount of drug or active substance that reaches the infant

@® The pharmacokinetics of the infant

@® The pharmacodynamic properties of the drug in the infant.
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The amount of drug transferred to the infant via breast milk is often thought to be insufficient

to exert a noticeable effect on the infant. However, a small amount of drug present in breast milk

can induce a hypersensitivity reaction.

If a drug is present in a substantial quantity in breast milk it can produce a pharmacological

effect on the infant and potentially cause adverse effects. Infants born prematurely, or who have

jaundice, are at higher risk of toxicity from drugs in breast milk.

General principles
Knowledge of the extent of a drug's passage into breast milk and its effects in infants is required to

assess the benefit and risks of a treatment. When prescribing medicines in breastfeeding mothers,

the following principles should be followed (Specialist Pharmacy Service 2017):

Avoid unnecessary use of medicines and limit the use of over-the-counter products

Advise breastfeeding mothers to seek guidance on the suitability of any over-the-counter
medicines prior to use

Assess the benefits and risks both to the mother and the infant

Avoid the use of medicines known to be toxic in adults and/or infants

Remember that neonates and premature infants are at increased risk from exposure to
medicines via breast milk due to the risk of drug accumulation

Select a regimen and route of administration which exposes the infant to the lowest possible
quantity of the drug

Remember that drugs with a long half-life can increase the risk of accumulation in the infant
and increase the risk of adverse effects

Polypharmacy may pose an increased risk, especially when there are adverse side effects such
as drowsiness

Infants exposed to drugs via breast milk should be monitored for unusual signs or symptoms
Avoid prescribing new drugs if therapeutically equivalent alternatives that have been more
widely used are available.

A woman was taking codeine infrequently for lower back pain while she was pregnant. She
has given birth recently but is still experiencing lower back pain which cannot be managed
with paracetamol alone.

She is wondering if she can have more codeine to manage her pain. And, during your
consultation, you find out that she is breastfeeding her infant.
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Activity 6.4 (Case study)

Describe your approach in managing this case.

A woman with chronic hypertension has recently given birth. She is worried that she will be
unable to breastfeed her baby, as she is taking medication to manage her blood pressure.

Activity 6.5 (Case study)

I. What advice would you give her on the use of anti-hypertensive treatment while
breastfeeding?

2. What changes to her treatment and additional monitoring would you consider
making?

Answers to activities
Activity 6.1

Taking into consideration the properties of the drugs/agents below, describe
whether or not each one is likely to cross the placenta:

I. Enoxaparin

Enoxaparin is a low molecular weight heparin (LMWH) with a mean molecular weight of
approximately 4,500 daltons (Da), most drugs with molecular weight >1000 Da do not cross the
placenta. LMWHs are therefore agents of choice for antenatal and postnatal thromboprophylaxis
as they do not cross the placenta.

2. Diazepam

Diazepam is highly lipid soluble so it can rapidly cross the placenta. This is of particular importance
if it is used in high doses near term, as it is associated with a risk of neonatal withdrawal syndrome.
Monitoring for withdrawal signs (such as neonatal respiratory depression) is advised. Use of
diazepam around term should therefore be avoided unless use can be clinically justified (e.g. for
seizure control).
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3. Insulin
Insulin has a high molecular weight so it does not cross the placenta. It is a preferred agent for
managing diabetes in pregnancy.

4. Alcohol

Alcohol is relatively small and therefore readily diffuses across the placenta. Although it is polar
in nature, it is lipophilic to a degree and this also helps it cross the placenta. Alcohol should be
avoided in pregnancy as it can cause toxicity in the foetus.

Activity 6.2

To assess the risks of a medicine or chemical exposure in a pregnant woman, you decide to
contact UKTIS for advice. What information about your patient would be useful to provide in the
following scenarios?

I. A medicine is to be used for a therapeutic reason

2. The patient has inadvertently been exposed to a chemical or a drug.

In both cases the following maternal details would be useful to ascertain:

@ Last menstrual period and estimated date of delivery

® Maternal medical history and any medications taken (including herbal and over-the-counter
medicines)

® Obstetric history (how many previous pregnancies, any history of miscarriage or
malformations)

® Family history.

I. A medicine is to be used for a therapeutic reason:
@ Indication for treatment

@ Retrospective or prospective use of the medicine

® Drug, dose, frequency, route, duration of treatment if known
@ Stage of pregnancy at exposure

@ Previous treatments and efficacy.

2. For overdose and chemical exposures:

@® Agent/s involved (including route of exposure and estimated dose)
® Date, time and duration of exposure

@® Maternal symptoms and treatment received

@ Results of relevant investigations and foetal monitoring.

Activity 6.3 (Case study)

A 35-year-old woman is planning to get pregnant. She was diagnosed with type 2 diabetes two
years ago and is currently taking gliclazide 80mg once a day. Her last HbAlc level was 55mmol/
mol (7.2%).
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What advice would you give this woman, and what changes to her medication
would you consider?

Appropriate advice, information and support should be provided to women with diabetes to

enable them to have a positive experience of pregnancy and childbirth. Establishing good control

of blood glucose before conception and maintaining this throughout pregnancy helps to reduce the

risk of miscarriage, congenital malformation, stillbirth and neonatal death. Information provided

should also cover the following (NICE 2015):

@® How nausea and vomiting in pregnancy can affect blood glucose control

@ The increased risk of having a baby who is large for gestational age, which increases the
likelihood of birth trauma, induction of labour and caesarean section

® The need for assessment of diabetic retinopathy before and during pregnancy

@ The need for assessment of diabetic nephropathy before pregnancy

® The importance of maternal blood glucose control during labour and birth and early feeding
of the baby, in order to reduce the risk of neonatal hypoglycaemia

@ The possibility of temporary health problems in the baby during the neonatal period, which
may require admission to the neonatal unit

@ The risk of the baby developing obesity and/or diabetes in later life.

Individualised dietary advice should also be provided and, where possible, women should
be invited to attend a structured education programme. Women who have a BMI above 27kg/m?
should be given advice on how to lose weight. When trying to conceive, women with diabetes should
also take folic acid (5mg/day) until 12 weeks of gestation to reduce the risk of having a baby with a
neural tube defect. Until good blood glucose control is achieved, women should be advised to use
contraception. Monthly monitoring of HbAlc levels should be undertaken in women planning to get
pregnant and they should also be self-monitoring their blood glucose (NICE 2015).

Full medication history should be taken, and medicines should be reviewed before and during
pregnancy. In this case, the patient is on gliclazide, which is a sulfonylurea. Sulfonylureas should generally
be avoided in pregnancy because of the risk of neonatal hypoglycaemia. It would therefore be useful
to identify why the patient was not on metformin, as it is the recommended first-line treatment, and
whether it is possible to switch her to it. If metformin is not suitable or effective, insulin should be
considered.

Activity 6.4 (Case study)

A woman was taking codeine infrequently for lower back pain while she was pregnant. She has
given birth recently but is still experiencing lower back pain which cannot be managed with
paracetamol alone.

She is wondering if she can have more codeine to manage her pain. And, during your
consultation, you find out that she is breastfeeding her infant.
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Describe your approach in managing this case.

Itisimportant to manage pain appropriately during pregnancy and postpartum in order to minimise
the risk of adverse outcomes for both mother and baby. Inadequately managed pain can lead to
anxiety and depression, which can affect the mother’s overall physical and psychological well-being,
as well as her ability to provide care for her baby. Non-pharmacological interventions should be
considered first — for example, adequate rest, hot and cold compresses, massage, acupuncture,
physiotherapy, relaxation and exercise. Non-pharmacological remedies are advocated where
possible, but in some cases reluctance to prescribe analgesia can inadvertently result in increased
use of inappropriate over-the-counter medication or herbal remedies (RCOG 2016).

Paracetamol is considered the analgesic of choice for breastfeeding women as the risk
to a breastfed infant is low. The quantity of paracetamol that reaches the milk is very small,
representing only a small proportion of a normal therapeutic infant dose.

Thereis very limited information on the use of NSAIDs and breastfeeding but the preferred
NSAID in this situation is ibuprofen. Ibuprofen is considered safe for the breastfed infant as only
very small quantities appear to be excreted into breast milk after maternal ingestion. It is therefore
the second-line option after paracetamol (RCOG 2016).

If ibuprofen is ineffective or unsuitable or women experience more severe pain and require
additional analgesia, then opioid analgesics should be used.

Until recently, codeine was the preferred opioid