27 Drugs used in affective disorders—antidepressants
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Affective disorders are characterized by a disturbance of mood
associated with alterations in behaviour, energy, appetite, sleep
and weight. The extremes range from intense excitement and
elation (mania) to severe depressive states. In depression, which
is much more common than mania, a person becomes persis-
tently sad and unhappy. Depression is common, and although
it can cause people to kill themselves, in general the prognosis
is good.

The drugs used most often in the treatment of depression
inhibit the uptake of both noradrenaline and SHT (tricyclics) or
are specific inhibitors of SHT uptake (non-tricyclics) (top left).
Monoamine oxidase inhibitors (MAOISs) (top right) have been
used less often because of dangerous interactions with some
foods and drugs. However, the recent introduction of reversible
MAOIs (top right) may lead to an increase in the use of this type
of drug.

Some ‘atypical’ drugs are not MAOIs and do not inhibit
amine uptake (bottom left). Antidepressant drugs often produce
sedation, which can be useful, and autonomic effects ([3)
which are a problem and may be dose-limiting. All antidepres-
sants may provoke seizures and no particular drug is safe for the
depressed epileptic patient. A striking characteristic of anti-
depressant treatment with drugs is that the benefit does not
become apparent for 2-3 weeks. The reason for this is un-
known, but may be related to gradual changes in the sensitivity

of central 5HT adrenoceptors ( [Z31). About 70% of patients
respond satisfactorily to treatment with tricyclic (or related)
drugs, but in severe or refractive cases of depression, electro-
convulsive therapy (ECT) may be required in addition to drugs.
In patients who fail to respond to single drugs and/or ECT,
some psychiatrists combine tricyclics with MAOISs or lithium.
Dangerous interactions can occur with these drug combina-
tions. Abrupt withdrawal of antidepressant drugs, especially
MAOIs may cause nausea, vomiting, panic, anxiety and motor
restlessness.

The cause of depression and the mechanisms of action of
antidepressants are unknown. The monoamine theory was based
on the idea that depression resulted from a decrease in the
activity of central noradrenergic and/or serotonergic systems.
There are serious problems with this theory, but it has not been
replaced with a better one. More recently, interest has focussed
on the effects of antidepressant treatment on receptor regulation
in the brain.

In mania and in bipolar affective disorders (where mania
alternates with depression) lithium has a mood-stabilizing
action. Lithium salts have a low therapeutic : toxic ratio and
adverse effects are common. Carbamazepine also has mood-
stabilizing properties and can be used in patients unable to take
lithium.



Monoamine theory of depression. Reserpine, which depletes the
brain of noradrenaline (NA) and serotonin, often causes depres-
sion. In contrast, the ¢ricyclics and related compounds block the
reuptake of NA and/or serotonin and the MAOIs increase their
concentration in the brain. Both of these actions increase the
amounts of NA and/or serotonin available in the synaptic cleft.
These drug effects suggest that depression might be associated
with a decrease in brain NA and/or serotonin function. Much
effort has gone into trying to find the expected defects in central
noradrenergic and serotonergic systems in depressed patients,
but these studies have not produced consistent results. There
are several problems with the monoamine theory of depression.
In particular, it is difficult to understand why the tricyclic
drugs rapidly block NA/serotonin uptake but require weeks of
administration to achieve an antidepressant effect. Also, some
drugs are antidepressant but do not affect amine uptake (e.g.
mianserin, trazodone), whilst cocaine blocks uptake but is not
antidepressant.

Receptor regulation. Chronic adminstration of antidepressants
to rodents gradually decreases the sensitivity of central 5HT,
receptors, B,- and a,-adrenoceptors (downregulation). Whether
similar changes in receptor sensitivity underlie the antidepres-
sant action of drugs in humans is unknown, but chronic
antidepressant treatment has been shown to lower the sensitiv-
ity of clonidine (an ¢,-adrenoceptor agonist).

DRUGS THAT INHIBIT AMINE UPTAKE

The term ‘tricyclic drug’ originally referred to compounds
based on the dibenzazepine (e.g. imipramine) and dibenzo-
cyclohepadiene (e.g. amitriptyline) ring structures. This widely
used term is now misleading because many second-generation
antidepressants with similar pharmacological properties to the
original tricyclics, possess one, two or four rings.

No individual tricyclic drug has superior antidepressant
activity and the choice of drug is determined by the most
acceptable or desired side-effects. Thus, drugs with sedative
actions such as amitriptyline and dothiepin are more suitable for
agitated and anxious patients and, if given at bedtime, will also
act as a hypnotic. The tricyclics resemble the phenothiazines in
structure and have similar blocking actions at cholinergic
muscarinic receptors, a-adrenoreceptors and histamine recep-
tors. These actions frequently cause dry mouth, blurred vision,
constipation, urinary retention, tachycardia and postural hypo-
tension. In overdosage, the anticholinergic activity and a
quinidine-like action of the tricyclics on the heart may cause
arrhythmias and sudden death. They are contraindicated in
heart disease.

Fluvoxamine and fluoxetine are selective inhibitors of sero-
tonin uptake that have few of the anticholinergic, cardiac and
appetite-stimulating effects of many other antidepressants.
However, they do cause other side-effects, notably nausea and
headache. These more recent drugs are increasingly used.

ATYPICAL ANTIDEPRESSANTS

These drugs have little or no activity on amine uptake. They
generally cause fewer autonomic side-effects and because they
are less cardiotoxic they are less dangerous in overdosage.
Mianserin and trazodone are sedative antidepressants. Mian-
serin has a,-adrenoceptor blocking activity and by blocking

inhibitory a,-autoreceptors on central noradrenergic nerve
endings, it may increase the amount of NA in the synaptic cleft.
Mianserin may cause agranulocytosis and aplastic anaemia
(particularly in the elderly). Trazodone has no a,-blocking
action, but may cause postural hypotension and, less com-
monly, priapism (a painful and embarrassing state of persistent
penile erection).

MONOAMINE OXIDASE INHIBITORS
(MAOIs)

The established MAOIs (e.g. phenelzine) are irreversible non-
selective inhibitors of MAO and appear to be most useful in
atypical depression and phobic anxiety states. Their usefulness
is limited by adverse effects (postural hypotension, dizziness,
anticholinergic effects and liver damage) and by interactions
with sympathomimetic amines (e.g. ephedrine, often present
in cough mixtures and decongestive preparations), or foods
containing tyramine (e.g. cheese, game, alcoholic drinks) which
may result in severe hypertension. Ingested tyramine is
normally metabolized by MAO in the gut wall and liver, but
when the enzyme is inhibited, tyramine reaches the circulation
and causes the release of noradrenaline from sympathetic
nerve endings (indirect sympathomimetic action). Monoamine
oxidase inhibitors are not specific and reduce the metabolism
of barbiturates, opioid analgesics and alcohol. Pethidine is
especially dangerous in patients taking MAOIs, causing (by an
unknown mechanism) hyperpyrexia, hypotension and coma.
Recently developed MAOIs (e.g. moclobemide) which are
reversible and selective for MAO, are much safer than the
previous drugs and appear to have few adverse effects.

LITHIUM

Lithium is used for prophylaxis in manic/depressive illness. It is
also used in the treatment of acute mania, but, because it lacks
marked sedative properties, neuroleptics are usually preferred
for acutely disturbed patients.

Lithium is rapidly absorbed from the gut. The therapeutic
and toxic doses are similar and serum lithium concentrations
must be measured regularly (therapeutic range 0.5-1.0 mwm).
Adverse effects include nausea, vomiting, anorexia, diarrhoea,
tremor of the hands, polydipsia and polyuria (a few patients
develop nephrogenic diabetes insipidus), hypothyroidism and
weight gain. Signs of /ithium toxicity include drowsiness, ataxia
and confusion, and at serum levels above 2-3 mm, life-
threatening seizures and coma may occur.

Mechanism of action. This is unknown, but much current
interest is focussed on interactions with second-messenger
systems. In particular, lithium at concentrations of less than
1 mm blocks the phosphatidylinositol (PI) pathway at the point
where inositol-1-phosphate is hydrolysed to inositol. This
causes depletion of membrane PIP, (see Chapter 1) and may
reduce the actions of transmitters acting at receptors which
involve inositol triphosphate/diacylglycerol (IP5/DG) as their
second messengers. The selectivity of lithium might be because
the blood-brain barrier prevents the entry of myoinositol into
the brain. Thus, the inhibition by lithium of myoinositol
recycling into phosphoinositides affects phosphoinositides in
the brain much more than in peripheral tissues.
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Pain receptors, when stimulated by noxious stimuli, initiate
firing in primary afferent fibres which synapse in lamina I and
IT of the dorsal horn of the spinal cord. The relay neurones ( @
in the dorsal horn transmit pain information to the sensory
cortex via neurones in the brainstem. Little is known about the
transmitter substances utilized in the ascending pain pathways,
but some primary afferent fibres are thought to release peptides
(e.g. substance P, calcitonin gene-related peptides, bradykinin)
(lower figure, shaded).

The activity of the dorsal horn relay neurones is modulated
by several inhibitory inputs. These include local interneurones
which release opioid peptides (e.g. [Met’]Jenkephalin, dynorphin
A) and descending noradrenergic and serotonergic fibres which
originate in the brainstem (top left) and are themselves acti-
vated by opioid peptides. Thus, opioid peptide release in both
the brainstem and the spinal cord can reduce the activity of the
dorsal horn relay neurones and can cause analgesia. How the
different inhibitory mechanisms are normally controlled is
unknown, but the effects of opioid peptides are mediated by
specific opioid receptors.

Opioid analgesics (right) are drugs which mimic endogenous
opioid peptides by causing a prolonged activation of opioid
receptors. This produces analgesia, respiratory depression,
euphoria and sedation. Opioids often cause nausea and vomit-
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ing and antiemetics may be required. Effects on the nerve
plexuses in the gut, which also possess opioid peptides and re-
ceptors, causes constipation and laxatives are usually required
(Chapter 13). Continuous treatment with opioid analgesics
results in tolerance and dependence in addicts. However, in
terminally ill patients, a steady increase in morphine dosage is
not automatic, and where it does occur, is more likely to result
from progressively increasing pain rather than tolerance.
Similarly, in the clinical context, dependence is unimportant.
Unfortunately, overcaution in the use of opioid analgesics
Sfrequently results in unnecessarily poor pain control in patients.

Some analgesics, such as codeine, are less potent than
morphine and cannot be given in equianalgesic doses because of
the onset of adverse effects. As a result of this restriction in
dosage, they are less likely, in practice, to produce respiratory
depression and dependence. They are useful in mild to moder-
ate pain.

Naloxone is a specific antagonist at opioid receptors and
reverses respiratory depression caused by morphine-like drugs.
It also precipitates a withdrawal syndrome when dependence
has occurred. Electroacupuncture analgesia, transcutaneous
nerve stimulation-induced analgesia and placebo effects can
sometimes be partially blocked by naloxone, suggesting the
involvement of the endogenous opioid peptides.



Opioids are compounds with effects which are antagonized by
naloxone in a stereospecific manner.

There are three families of opioid peptides which are derlved
from large precursor molecules, encoded for by separate genes.
All opioid peptides contain the sequence Tyr-Gly-Gly-Phe-Met
([Met>]enkephalin) or Tyr-Gly-Gly-Phe-Leu ([Leu’]enkephalin)
at their amino terminal. Pro-opiomelanocortin (POMC) gives
rise to the opioid peptide B-endorphin (31 amino acids) and a
number of other non-opioid peptides, including adrenocorti-
cotrophic hormone (ACTH, 39 amino acids). Proenkephalin
gives rise to [Leu®]enkephalin, [Met>Jenkephalin and a number
of extended [Met®]enkephalin peptides. Prodynorphin gives rise
to a number of opioid peptides which contain [Leu®Jenkephalin
at their amino terminal (e.g. dynorphin A, 17 amino acids). The
peptides derived from each of these three precursor molecules
have a distinct anatomical distribution in the central nervous
system and have varying affinity for the different types of opioid
receptors. The precise function of these opioid peptides in the
brain and elsewhere is still unclear.

Opioid receptors are widely distributed throughout the central
nervous system and have been classified into three types. The
p-receptors are most highly concentrated in brain areas in-
volved in nociception and are the receptors with which
morphine-like drugs interact to produce analgesia. The 8- and
k-receptors display selectivity for the enkephalins and the
dynorphins, respectively. The opioid peptides have inhibitory
actions on synapses in the central nervous system and gut.
Activation of u- and &-receptors causes hyperpolarization of
neurones by activating K* channels by a process involving a
G-protein. Activation of k-receptors inhibits membrane Ca?*
channels. Drug action at all three receptors is antagonized by
naloxone, with increasing doses being required to antagonize
actions at p-, 8- and k-receptors. Some opioid analgesics (e.g.
pentazocine) produce stimulant and psychotomimetic effects
by acting on o-receptors and phencyclidine (PCP) receptors.
Neither of these receptors are opioid receptors, since these
effects are not blocked by naloxone.

STRONG OPIOID ANALGESICS

These are used particularly in the treatment of dull, poorly
localized (visceral) pain. Somatic pain is sharply defined and
may be relieved by a weak opioid analgesic or by a non-steroidal
anti-inflammatory drug (Chapter 30). Parenteral morphine is
widely used to treat severe pain and oral morphine is the drug
of choice in terminal care.

Morphine and other opioid analgesics produce a range of
central effects that include analgesia, euphoria, sedation, respi-
ratory depression, depression of the vasomotor centre (causing
postural hypotension), miosis because of Ilird nerve nucleus
stimulation (except pethidine which has weak atropine-like
activity) and nausea and vomiting due to stimulation of the
chemoreceptor trigger zone. They also cause cough suppression,
but this is not correlated with their opioid activity. Peripheral
effects include constipation, biliary spasm and constriction
of the sphincter of Oddi may occur. Morphine may cause
histamine release with vasodilatation and itching. Morphine is
metabolized in the liver by conjugation with glucuronic acid to
form morphine-3-glucuronide which is inactive, and morphine-
6-glucuronide which is a potent analgesic, especially when given
intrathecally.

Tolerance (i.e. a decreased responsiveness) to many of the
effects of opioid analgesics occurs with continuous administra-
tion. Miosis and constipation are effects to which little tolerance
develops.

Dependence. Both physical and psychological dependence on
opioid analgesics gradually develops and sudden termination of
drug administration precipitates a withdrawal syndrome
(Chapter 29).

Diamorphine (heroin, diacetylmorphine) is twice as potent as
morphine, but is rapidly metabolized to 6-acetylmorphine and
more slowly to morphine. It causes more euphoria but relatively
less nausea, constipation and hypotension than morphine.

Phenazocine has a more prolonged action than morphine. It is
especially useful in biliary colic because it has less effect on
biliary pressure than other opioid analgesics.

Pethidine is similar to morphine. Equianalgesic doses depress
respiration equally, but it is a poor antitussive and is less
constipating. Pethidine is more lipid-soluble than morphine,
giving it a rapid onset of action which makes it the drug of
choice in labour. Pethidine is metabolized in the liver and at
high doses norpethidine can accumulate; this has excitatory
actions (dilated pupil, convulsions). Pethidine interacts seri-
ously with MAOIs (Chapter 27) causing delirium, hyperpyrexia
and convulsions or respiratory depression.

Buprenorphine is a partial agonist at p-receptors. It is very
lipid-soluble and is an effective analgesic following sublingual
administration, but may cause prolonged vomiting. Respira-
tory depression, if it occurs, is difficult to reverse with naloxone,
because buprenorphine dissociates very slowly from the
receptors.

Nalbuphine is a k-agonist and a p-antagonist which is equi-
potent with morphine in producing analgesia and respiratory
depression, but produces less nausea and vomiting. At higher
doses it causes dysphoria.

WEAK OPIOID ANALGESICS

Weak opioid analgesics are used in ‘mild to moderate’ pain.
They may cause dependence and are subject to abuse. However,
they are less attractive to addicts because they do not give a
good ‘buzz’.

Pentazocine is an unpleasant weak analgesic orally, but when
given by injection its efficacy is somewhere between that of
morphine and codeine. It is an agonist at k- and 6-receptors, but
an antagonist at p-receptors. It is less likely to cause depen-
dence. This may be partly due to the frequency with which it
causes hallucinations, bad dreams and thought disorders due to
activation of o-receptors.

Meptazinol is a weak opioid. It causes nausea and vomiting, but
is claimed to have a low incidence of respiratory depression.

Codeine (methylmorphine) has about one-twelfth the analgesic
potency of morphine, but side-effects (constipation, vomiting,
sedation) limit the possible dosage to levels that produce much
less analgesia than morphine. Codeine is also used as an
antitussive and antidiarrhoeal agent.

Dihydrocodeine is similar to codeine. It may cause dizziness and
constipation.

Dextropropoxyphene is about half as potent as codeine, but has
similar actions at equianalgesic doses. It is more effective when
combined with aspirin or paracetamol {e.g. ‘Distalgesic’), but
such mixtures are dangerous in overdose. The dextro-
propoxyphene causes respiratory depression and acute heart
failure, whilst the paracetamol is hepatotoxic.
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The relationship between drugs that act on the mind and society
is one of an uneasy and changing coexistence. For example,
there is much popular concern today about the illicit use of
opioids, but in the nineteenth century, laudenum, an alcoholic
solution of opium, was a popular and readily available home
medication. Society now accepts only alcohol and nicotine
(tobacco) as legal psychoactive drugs, although their misuse is
responsible for considerable morbidity and mortality. Tobacco
consumption alone causes 100 000 deaths each year in Britain.

The term drug misuse is applied to any drug taking which
harms or threatens to harm the physical or mental health of an
individual, or of other individuals, or which is illegal. Thus,
drug misuse includes alcohol and nicotine and the deleterious
over-prescription of medicines (e.g. benzodiazepines, stimu-
lants), as well as the more obvious taking of illicit drugs.

Drug dependence is a term used when a person has a
compulsion to take a drug in order to experience its psychic
effects, and sometimes to avoid the discomfort of withdrawal
symptoms.

The likelihood of drug misuse leading to dependence depends
on many factors including the type of drug, the route of
administration, the pattern of drug taking and the individual.
Rapid delivery systems (i.e. intravenous injection, smoking
cocaine or heroin) increase the dependence potential. Intrave-
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nous injections have attendant dangers of infection (AIDS,
hepatitis, septicaemia, etc.).

Drug dependence is often associated with tolerance, a phe-
nomenon that may occur with chronic adminstration of a drug.
It is characterized by the necessity to progressively increase the
dose of the drug to produce its original effect. Tolerance may be
due, in part, to increased metabolism of the drug (pharmaco-
kinetic tolerance), but it is mainly caused by neuroadaptive
changes in the brain.

The mechanisms underlying drug dependence and tolerance
are poorly understood. In general, chronic drug administration
induces homeostatic adaptive changes in the brain that operate
in a manner to oppose the action of the drug. Withdrawal of the
drug causes a rebound in central excitability. Thus, the with-
drawal of depressants (e.g. alcohol, barbiturates) may result in
convulsions, whilst the withdrawal of excitatory drugs (e.g.
amphetamine) results in depression.

Many neuroadaptive changes in the brain have been de-
scribed following chronic drug administration. They include an
increase in Ca®* channels (top left), depletion of transmitter
(top right), receptor downregulation (middle right), changes in
second messenger (bottom left) and the synthesis of an inverse
agonist (middle left).



Central stimulants. Amphetamine-like drugs given orally de-
crease appetite, give a sense of increased energy and well-being
and enhance physical performance. They also have peripheral
sympathomimetic effects (e.g. hypertension, tachycardia) and
cause insomnia. Amphetamine-like drugs cause dopamine
and noradrenaline release from nerve terminals, but their
behavioural effects are due mainly to dopamine release.
Cocaine blocks the reuptake of dopamine into nerve terminals
and has very similar effects to amphetamine. Stimulants pro-
duce dependence because they increase dopaminergic activity
in a reward system that originates in the ventral tegmental area
and projects to the nucleus accumbens and frontal cortex. Thus,
the stimulants, and perhaps some other drugs of dependence,
act as ‘reinforcers’.

Central stimulants have few indications. They should not be
used as appetite suppressants in the treatment of obesity,
because they do not improve the long-term outlook and often
result in dependence.

Cocaine hydrochloride is usually ‘snorted’ up the nose, but
the free base (‘crack’), which is more volatile, can be smoked,
whereupon it is rapidly absorbed through the lungs and pro-
duces a sudden, brief, but overwhelming sense of euphoria
(‘rush’). A similar ‘rush’ is produced by intravenous amphet-
amine, and addicts cannot distinguish between them. The
stimulants are highly addictive and are psychotoxic. Repeated
administration may produce a state resembling an acute attack
of schizophrenia.

Methylenedioxymethamphetamine (MDMA, ‘ecstasy’) is an
amphetamine derivative with mixed stimulant and hallucino-
genic properties, the latter action perhaps resulting from SHT
release. MDMA is widely abused as a ‘recreational’ drug, but it
may produce psychiatric illness and occasionally severe acute
hyperthermic reactions result in death.

Opioids. Diamorphine (keroin) and other opioids have a high
misuse and dependence potential because of the intense sense
of euphoria they produce when taken intravenously. Tolerance
develops quickly in addicts and abrupt withdrawal of opioids
results in a craving to take the drug, together with a withdrawal
syndrome characterized by yawning, sweating, gooseflesh,
tremor, irritability, anorexia, nausea and vomiting, which
lasts 7-10 days. Withdrawal of longer-acting drugs such as
methadone results in a more prolonged, but less intense,
syndrome and the treatment of opioid withdrawal usually
involves substitution with methadone followed by a slow
‘tapering off’. Clonidine can suppress some components of the
withdrawal syndrome, especially the nausea, vomiting and
diarrhoea.

The mechanisms underlying opioid dependence and toler-
ance are unknown. Chronic administration does not affect
opioid receptors, but changes in second messengers may be
important; e.g. in the Jlocus coeruleus, y-receptor activation
inhibits adenylyl cyclase activity, but with chronic opioid
administration the activity of the enzyme increases. With-
drawal of the inhibitory opioid then results in excessive cAMP
production, which may contribute to the rebound (increase) of
neuronal excitability.

Hallucinogens (psychedelics). Lysergic acid diethylamide (LSD)
and related drugs induce dramatic states of altered perception,
vivid and unusual sensory experiences and feelings of ecstasy.
Occasionally, LSD produces unwanted effects which include
panic, frightening delusions and hallucinations. Usually the

‘bad trip’ fades away, but sometimes it returns later (‘flash-
backs’).

Serotinergic systems may be important in the actions of LSD,
which inhibits the firing of SHT-containing neurones in the
raphe nuclei, probably by stimulating 5HT, inhibitory auto-
receptors on these cells. Tolerance to LSD and related com-
pounds occurs, and is associated with a downregulation of
SHT, receptors. However, physical dependence to hallucino-
gens does not occur and there is no withdrawal syndrome.

Cannabis (marijuana, hashish). The main active constituent of
cannabis is A’-tetrahydrocannabinol (THC). Cannabis has both
hallucinogenic and depressant actions. It produces feelings of
euphoria, relaxation and well-being. Cannabis is not danger-
ously addictive, but at least mild degrees of dependence may
occur. Cannabis may cause acute psychotoxic effects that in
some ways resemble an LSD ‘bad trip’.

General depressants

Barbiturates have a high dependence potential and withdrawal
can cause epileptic fits or a state resembling delirium tremens.

Alcohol has effects that resemble those of general anaesthetics. It
inhibits presynaptic Ca®* entry (and hence transmitter release)
and potentiates GABA-mediated inhibition. Considerable
tolerance occurs to alcohol, but the mechanisms involved are
poorly understood. Presynaptic Ca2* channels may increase in
number, so that when alcohol is withdrawn, transmitter release
is abnormally high and this may contribute to the withdrawal
syndrome.

Chronic heavy drinking leads to physical dependence and in
the United Kingdom there are about 14 800 patients admitted
each year to psychiatric hospitals for alcohol dependence and
psychosis; brain damage and liver disease leading to cirrhosis
are also common.

The physical withdrawal syndromes in humans ranges from
a ‘hangover’ to epileptic fits and the condition of ‘delirium
tremens’ in which the subject becomes agitated, confused and
may have severe hallucinations. Alcohol (and barbiturate)
withdrawal may require chlormethiazole or benzodiazepine
administration to prevent convulsions. Clonidine may be

" helpful.

Tobacco (nicotine) is a highly addictive drug that is responsible
for more damage to health in the United Kingdom than all
other drugs (including alcohol) combined. Nicotine increases
alertness, decreases irritability and decreases skeletal muscle
tone (because Renshaw cells are stimulated). Tolerance occurs
to some effects of nicotine, notably the nausea and vomiting
seen in non-tolerant subjects. The toxicity of tobacco is due to
the many chemicals in the smoke, some of which are known
carcinogens. Serious diseases associated with chronic tobacco
smoking include lung cancer, coronary heart disease and peri-
pheral vascular disease. Smoking during pregnancy significantly
reduces the birth weight of babies and increases perinatal
mortality.

Withdrawal of tobacco may cause a syndrome (lasting 2-3
weeks) which includes ‘craving’ for tobacco, irritability, diffi-
culty in concentration and often weight gain. These symptoms
may be reduced by the use of nicotine chewing gum. Unfortu-
nately, the craving for tobacco leads to relapse in most people
who try to give up smoking, even after myocardial infarction.
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These drugs have in various degrees analgesic, anti-
inflammatory and antipyretic actions. They are extensively
used and in the United Kingdom almost a quarter of patients
consulting their general practitioners have some form of
‘rheumatic’ complaint. These patients are frequently prescribed
NSAIDs and additional millions of aspirin, paracetamol and
ibuprofen tablets are bought over the counter for the self-
treatment of headaches, dental pain, various musculoskeletal
disorders, etc. The large market for NSAIDs has resulted in the
steady introduction of new drugs, some of which have proved
unacceptably toxic and have been withdrawn.

The NSAIDs form a chemically diverse group (left), but they
all have the ability to inhibit cyclo-oxygenase (C—>) and the
resulting inhibition of prostaglandin synthesis is largely respon-
sible for their therapeutic effects. Unfortunately, the inhibition
of prostaglandin synthesis in the gastric mucosa frequently
results in gastrointestinal damage (dyspepsia, nausea, gastritis
and diarrhoea). More serious adverse effects include gastro-
intestinal bleeding and perforation.

Aspirin (acetylsalicylic acid) is the longest-standing NSAID and
1s an effective analgesic, with a duration of action of about 4
hours. Aspirin remains the drug of choice for many sorts of mild
to moderate pain and certain types of severe pain (e.g. bone
cancer). It is not effective in the treatment of visceral pain
(e.g. myocardial infarction, renal colic, acute abdomen) which
requires narcotic analgesics. Aspirin is well absorbed orally. As
it is a weak acid (pK, = 3.5), the acid pH of the stomach keeps
a large fraction of aspirin non-ionized and therefore promotes
absorption in the stomach, although much aspirin is absorbed
via the large surface area of the upper small intestine. The
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absorbed aspirin is hydrolysed by esterases in the blood and
tissues to salicylate (which is active) and acetic acid. Most
salicylate is converted in the liver to water-soluble conjugates
that are rapidly excreted by the kidney. Alkalinization of the
urine ionizes the salicylate and, because this reduces its tubular
reabsorption, excretion is increased.

Aspirin is a well-established drug in the treatment of inflam-
matory joint disease, but up to 50% of patients will not tolerate
the adverse effects (nausea, vomiting, epigastric pain, tinnitis)
caused by the high doses of soluble aspirin necessary to achieve
an anti-inflammatory effect. Various preparations (bottom
right) containing aspirin are designed to minimize its gastro-
intestinal effects, but for treating the symptoms of inflamma-
tory joint disease (pain, stiffness and swelling) newer NSAIDs
are generally preferred. Surprisingly few clinical trials have
attempted to rank the efficacy of different NSAIDs and most
drugs are presently considered to have similar effectiveness.
However, there is considerable patient variation in response
and so it is impossible to know which drug will be effective in
an individual, although 60% of patients will respond to any
drug. Since the propionic acid derivatives (e.g. ibuprofen) seem
to be associated with fewer serious adverse effects, these are
often tried first. Indomethacin may be effective when other
drugs fail, but is associated with a higher incidence of adverse
effects.

Paracetamol has no significant anti-inflammatory action, but is
widely used as a mild analgesic when pain has no inflammatory
component. It is well absorbed orally and does not cause gastric
irritation. It has the disadvantage that, in overdosage, serious
hepatotoxicity is likely to occur (Chapter 4).



Analgesic action. The analgesic action of NSAIDs is exerted
both peripherally and centrally, but the peripheral actions
predominate. Their analgesic action is usually associated with
their anti-inflammatory action and results from the inhibition
of prostaglandin synthesis in the inflamed tissues. Prosta-
glandins produce little pain by themselves, but potentiate
the pain caused by other mediators of inflammation (e.g.
histamine, bradykinin).

Anti-inflammatory action. The role of prostaglandins in inflam-
mation is to produce vasodilatation and increased vascular
permeability. However, inhibition of prostaglandin synthesis
by NSAIDs attenuates rather than abolishes inflammation,
because the drugs do not inhibit other mediators of inflamma-
tion. Nevertheless, the relatively modest anti-inflammatory
actions of the NSAIDs give, to most patients with rheumatoid
arthritis, some relief from pain, stiffness, and swelling, but they
do not alter the course of the disease.

Antipyretic action. NSAIDs do not reduce the normal body
temperature or the elevated temperatures in heat stroke, which
is due to hypothalamic malfunction. During fever, endogenous
pyrogen (interleukin-1) is released from leucocytes and acts
directly on the thermoregulatory centre in the hypothalamus to
increase body temperature. This effect is associated with a rise
in brain prostaglandins (which are pyrogenic). Aspirin prevents
the temperature-raising effects of interleukin-1 and the rise in
brain prostaglandin levels.

Mechanism of action on cyclo-oxygenase. NSAIDs inhibit cyclo-
oxygenase by several mechanisms. Aspirin binds covalently
with a serine residue of the enzyme, causing irreversible
inhibition. This results from steric hindrance of access of
substrate to the oxygenase active site. In contast, ibuprofen and
piroxicam are reversible competitive inhibitors of cyclo-
oxygenase. Paracetamol acts at least partly by reducing cyto-
plasmic peroxide tone: peroxide is necessary to activate the
haem enzyme to the ferryl form. In areas of acute inflammation,
paracetamol is not very effective because neutrophils and
monocytes produce high levels of H,O, and lipid peroxide,
which overcome the actions of the drug. However, paracetamol
is an effective analgesic in conditions where leucocyte infiltra-
tion is absent or low.

Adverse effects of NSAIDs are common, partly because the
drugs may be given in high doses for a long time and partly
because they are widely used in elderly patients who are more
susceptible to side-effects.

Gastrointestinal tract. Damage to the mucosa of the gastro-
intestinal tract seems to be mainly a consequence of prosta-
glandin synthesis inhibition, rather than a directly erosive
action of the drugs. Prostaglandins (PGE, and PGI,) inhibit
gastric acid secretion, increase blood flow though the gastric
mucosa and have a cytoprotective action (PGE, and some
analogues induce healing in peptic ulcer). By inhibiting prosta-
glandin formation, NSAIDs may cause ulceration by producing
mucosal ischaemia and by impairing the protective mucus
barrier, thus exposing the mucosa to the damaging effects of
acid. Misoprostol is a PGE, derivative that is effective in
preventing the gastrointestinal toxicity of NSAIDs. Its main
indication is in patients with a history of peptic ulcer whose
need for NSAID treatment is such that the analgesic cannot be
withdrawn.

Nephrotoxicity. Prostaglandins PGE, and PGI, are powerful
vasodilators synthesized in the renal medulla and glomeruli
respectively, and are involved in the control of renal blood flow
and excretion of salt and water. Inhibition of renal prosta-
glandin synthesis may result in sodium retention, reduced renal
blood flow and renal failure, especially in patients with con-
ditions associated with vasoconstrictor catecholamine and
angiotensin II release (e.g. congestive heart failure, cirrhosis). In
addition, NSAIDs may cause interstitial nephritis and hyper-
kalaemia. Prolonged analgesic abuse over a period of years is
associated with papillary necrosis and chronic renal failure.

Other adverse effects include bronchospasm, especially in asth-
matics, skin rashes and other allergies.

OTHER NSAIDs

Propionic acids such as ibuprofen, fenbufen and naproxen are
widely regarded as the drugs of first choice for the treatment of
inflammatory joint disease, because they have the lowest
incidence of side-effects.

Acetic acids. Indomethacin is one of the more effective agents,
but has a high incidence of adverse effects including ulceration,
gastric bleeding, headaches and dizziness. It may also cause
blood dyscrasias.

Oxicams. Piroxicam is an extensively used and potent anti-
inflammatory drug. Its main advantage is that it only requires a
single daily dose. It may be associated with a particularly high
incidence of gastrointestinal bleeding in the elderly.

Pyrazolones. Phenylbutazone is an extremely potent anti-
inflammatory agent, but has serious toxicity. It is restricted to
hospital use for the treatment of intractable pain due to
inflammatory arthritis such as ankylosing spondylitis because it
sometimes causes fatal aplastic anaemia. Azapropazone does
not cause bone marrow suppression; it is uricosuric which
makes it useful in the management of gouty arthritis.

GOUT

Gout is characterized by deposition of sodium urate crystals in
the joint, causing painful arthritis. Acute attacks are treated
with indomethacin, naproxen, piroxicam or other NSAIDs but
not with aspirin, which raises plasma urate levels at low doses by
inhibiting uric acid secretion in the renal tubules. Colchicine is
effective in gout. It binds to tubulin in leucocytes and prevents
their migration to the areas of uric acid deposition and hence
reduces the inflammatory responses. However, colchicine
causes nausea, vomiting, diarrhoea and abdominal pain.

Prophylactic treatment of gout

Allopurinol lowers plasma urate by inhibiting xanthine oxidase,
the enzyme responsible for urate synthesis. It is useful in
patients with recurrent attacks of gout.

Uricosuric drugs such as sulphinpyrazone and probenecid inhibit
renal tubular reabsorption of uric acid, increasing its excretion.
Plenty of water should be taken to avoid the crystallization of
urate in the urine. These drugs are less effective and more toxic
than allopurinol. They are normally used in patients who
cannot tolerate allopurinol.
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The adrenal cortex releases several steroid hormones into the
circulation. They are divided by their actions into two classes.
Mineralocorticoids, mainly aldosterone in humans, have salt-
retaining activity and are synthesized in the cells of the zona
glomerulosa. Glucocorticoids, mainly cortisol (hydrocortisone)
in humans, affect carbohydrate and protein metabolism, but
also have significant mineralocorticoid activity. They are

synthesized in the cells of the zona fasciculata and zona

reticularis.

The release of cortisol is controlled by a negative-feedback
mechanism involving the hypothalamus and anterior pituitary
(upper figure, [7]). Low plasma cortisol levels result in the
release of corticotrophin (ACTH), which stimulates cortisol
synthesis and release, probably by a mechanism involving
adenylyl cyclase. Aldosterone release is affected by ACTH but
other factors (e.g. renin-angiotensin system, plasma potassium)
are more important. '

The steroids are examples of gene-active hormones. These
produce their effects on cells (lower figure) by promoting the
synthesis of specific messenger RNA (mRNA) and so stimulate
the synthesis of proteins which then produce the characteristic
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actions of the hormones (middle bottom).

The steroid hormones (hZydrocortisone or cortisone) are given
with a synthetic mineralocorticoid, usually fludrocortisone
(top right), for replacement therapy in patients with adrenal
insufficiency (e.g. in Addison’s disease). For most therapeutic
uses, synthetic glucocorticoids (top middle) have replaced the
natural hormones, mainly because they have little or no
salt-retaining activity.

Glucocorticoids (often prednisolone) are used to suppress
inflammation, allergy and immune responses. Anti-inflam-
matory therapy is used in many diseases (e.g. rheumatoid
arthritis, ulcerative colitis, bronchial asthma, severe inflam-
matory conditions of the eye and skin). Suppression of the
immune system is of value in preventing rejection following
tissue transplantation. Steroids are also used to suppress
lymphopoiesis in patients with certain leukaemias and
lymphomas.

Steroids can produce striking improvement in certain dis-
eases, but high doses and prolonged use may cause severe
adverse effects (right, [C]). These are usually predictable from
the known actions of the drugs.



CRF (corticotrophin releasing factor) is a 41 amino acid
polypeptide (CRF-41) whose action is enhanced by arginine
vasopressin (AVP). They are produced in the hypothalamus
and reach the adenohypophysis in the hypothalamo-
hypophysial portal system, where they stimulate the release of
corticotrophin.

Corticotrophin (adrenocorticotrophic hormone, ACTH) is
processed from a large molecular weight precursor, pro-
opiomelanocortin (POMC) present in corticotroph cells of the
adenohypophysis and its main action is to stimulate the
synthesis and release of cortisol (hydrocortisone). POMC also
contains the sequence for S-lipotropin (3-LPH) which is con-
comitantly released into the blood. B-LPH has no known
physiological effect, but it contains the sequence of S-endorphin
and this is found in the circulation, but its relevance is
debatable. However, POMC is present in the brain and there is
little doubt that this is an important source for the endorphins
within the nervous system. Corticotrophin is also believed to
sensitize the zona glomerulosa to other stimuli, which cause
aldosterone release (i.e. low plasma Na™, high plasma K*,
angiotensin IT).

CORTICOSTEROIDS

Mechanisms of action. The steroid hormones (glucocorticoids,
mineralocorticoids and sex steroids) and synthetic cortico-
steroids all act by a similar general mechanism. The hormone or
drug enters the cell and binds reversibly to a specific cytoplasmic
receptor. The steroid-receptor complex then undergoes a reac-
tion (‘activation’) which enables it to enter the nucleus where it
binds to sites on the chromatin. The steroid-receptor complex
regulates transcription of specific gene sequences into RNA
molecules which are then processed to mRINAs. These leave
the nucleus and bind to ribosomes, where their nucleotide
sequences are translated into the corresponding amino acid
sequences of proteins and specific enzymes.

GLUCOCORTICOIDS

Hydrocortisone is used: (1) orally for replacement therapy; (2)
intravenously in shock and status asthmaticus; and (3) topically
(e.g. ointments in eczema, enemas in ulcerative colitis).

Prednisolone is the most widely used drug given orally in
inflammatory and allergic diseases.

Betamethasone and dexamethasone are very potent and have no
salt-retaining actions. This makes them especially useful for
high-dose therapy in conditions such as cerebral oedema where
water retention would be a disadvantage.

Beclomethasone is the dipropionate ester of betamethasone. It
passes membranes poorly and is more active topically than
when given orally. It is used in asthma (as an aerosol) and
topically in severe eczema to provide a local anti-inflammatory
action with minimal systemic effects.

Triamcinolone is used in severe asthma and by intra-articular
injection for local inflammation of joints.

Effects. Glucocorticoids influence most cells in the body.

Metabolic effects. Glucocorticoids stimulate gluconeogenesis
(by increasing enzyme activity) and increase amino acid uptake
by the liver and kidney. Blood glucose levels are increased,
causing insulin release.

Anti-inflammatory effects. Corticosteroids have profound anti-
inflammatory effects and are widely used for this purpose.
Inflammation is probably suppressed by several mechanisms.
Circulating immunocompetent cells and macrophages are
reduced and the formation of pro-inflammatory mediators such
as prostaglandins, leukotrienes and platelet activating factor
(PAF) are inhibited. Steroids produce these latter effects by
stimulating the synthesis in leucocytes of a protein (‘lipocortin’)
that inhibits phospholipase A,. This enzyme, located in the cell
membrane, is activated in damaged cells and is responsible for
the formation of arachidonic acid, the precursor of many
inflammatory mediators (Chapter 30).

Immunosuppressive effects. Glucocorticoids inhibit com-
plement, migration inhibition factor (MIF), T and B lympho-
cyte function and decrease circulating macrophages and
lymphocytes.

Adverse effects. Glucocorticoids produce many adverse effects,
especially with the high doses required for anti-inflammatory
activity. (Similar effects are produced by the excess cortico-
steroids secreted in Cushing’s syndrome.)

Metabolic effects. High doses quickly cause a rounded, plethoric
face (moon face) and fat is redistributed from the extremities to
the trunk and face. Purple striae and a tendency to bruise
develop. Disturbed carbohydrate metabolism leads to hyper-
glycaemia and occasionally diabetes. Protein loss from skeletal
muscles causes wasting and weakness. An increase in bone
catabolism may cause osteoporosis.

Fluid retention, hypokalaemia and hypertension may occur
with compounds that have significant mineralocorticoid
activity. Thus, hydrocortisone (and cortisone) are generally
used only for replacement therapy in adrenal insufficiency.

Adrenal suppression. Steroid therapy suppresses corticotrophin
secretion and this eventually leads to adrenal atrophy. It may
take 6-12 months for normal adrenal function to recover once
therapy is stopped. Since the patient’s response to stress is
suppressed, additional steroid must be administered in times of
severe stress (e.g. surgery, infection). Steroid therapy must be
withdrawn very gradually, because abrupt withdrawal causes
adrenal insufficiency.

Infections. There is increased susceptibility to infections, which
may progress unrecognized because the natural indicators of
infection are inhibited.

Other complications include psychosis, cataracts, glaucoma,
peptic ulceration and the reactivation of nascent infections (e.g.
tuberculosis).

MINERALOCORTICOIDS

Fludrocortisone or deoxycortone are given with hydrocortisone
in adrenal insufficiency (e.g. Addison’s disease or following
adrenalectomy) because the latter drug does not possess suffi-
cient salt-retaining activity.



