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The thyroid

OVERVIEW

Diseases of the thyroid gland are common, and in
this chapter we deal with drug therapy used to miti-
gate these disorders. We set the scene by briefly
outlining the structure, regulation and physiology of
the thyroid, and highlight the most common abnor-
malities of thyroid function. We then consider the
drugs that can replace the thyroid hormones when
these are deficient or cease to function adequately,
and the drugs that decrease thyroid function when
this is excessive.

SYNTHESIS, STORAGE AND SECRETION OF
THYROID HORMONES

The thyroid gland secretes three main hormones: thyrox-
ine (Ty), tri-iodothyronine (Ts) and calcitonin. Ty and Ts are
critically important for normal growth and development
and for controlling energy metabolism. Calcitonin is
involved in the control of plasma [Ca®] and is used to
treat osteoporosis and other metabolic bone diseases. Tt
is dealt with in Chapter 36. The term ‘thyroid hormones’
will be used here solely to refer to T, and Ts.

The functional unit of the thyroid is the follicle or
acinus. Each follicle consists of a single layer of epithelial
cells around a cavity, the follicle lumen, which is filled with
a thick colloid containing thyroglobulin. Thyroglobulin is
a large glycoprotein, each molecule of which contains
about 115 tyrosine residues. It is synthesised, glycosylated
and then secreted into the lumen of the follicle, where
iodination of the tyrosine residues occurs. Surrounding
the follicles is a dense capillary network and the blood
flow through the gland is very high in comparison with
other tissues. The main steps in the synthesis, storage and
secretion of thyroid hormone (Fig. 34.1) are:

¢ uptake of plasma iodide by the follicle cells

* oxidation of iodide and iodination of tyrosine
residues of thyroglobulin

* secretion of thyroid hormone.

UPTAKE OF PLASMA IODIDE BY
THE FOLLICLE CELLS

Iodide uptake must occur against a concentration gradi-
ent (normally about 25:1) so it is an energy-dependent
process. lodide is captured from the blood and moved to
the lumen by two transporters: the Na'/I" symporter
(NIS) located at the basolateral surface of the thyrocytes
(the energy being provided by Na’/K™-ATPase), and
pendrin' (PDS), an I /Cl™ porter in the apical membranes

S0 called becausse it is implicated in the pathophysiology of Pendred’s
syndrome, named after the eponymous English physician who first
described this autosomal recessive form of familial goitre in association
with sensorineural deafness.
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(Nilsson, 2001). Uptake is very rapid: labelled iodide (**I)
is found in the lumen within 40 s of intravenous injection.
Numerous mutations have been discovered in the NIS
and PDS genes and these contribute to thyroid disease in
some patients.

OXIDATION OF IODIDE AND IODINATION OF
TYROSINE RESIDUES

The oxidation of iodide and its incorporation into thy-
roglobulin (termed the organification of iodide) is catalysed
by thyroperoxidase, an enzyme situated at the inner surface
of the cell at the interface with the colloid. The reaction
requires the presence of hydrogen peroxide (H;O,) as an
oxidising agent. Jodination occurs after the tyrosine has
been incorporated into thyroglobulin. The process is
shown in Figure 34.2.

Tyrosine residues are iodinated first at position 3 on the
ring, forming monoiodotyrosine (MIT) and then, in some
molecules, at position 5 as well, forming di-iodotyrosine
(DIT). While still incorporated into thyroglobulin, these mol-
ecules are then coupled in pairs, either MIT with DIT to form
Ts, or two DIT molecules to form T,. The mechanism for
coupling is believed to involve a peroxidase system similar
to that involved in iodination. About one-fifth of the tyrosine
residues in thyroglobulin are iodinated in this way.

The iodinated thyroglobulin of the thyroid forms a
large store of thyroid hormone within the gland, with a
relatively slow turnover. This is in contrast to some other
endocrine secretions (e.g. the hormones of the adrenal
cortex), which are not stored but synthesised and released
as required.

SECRETION OF THYROID HORMONE

The thyroglobulin molecule is taken up into the follicle
cell by endocytosis (Fig. 34.1). The endocytotic vesicles
then fuse with lysosomes, and proteolytic enzymes act on
thyroglobulin, releasing T, and Tj to be secreted into the
plasma. The surplus MIT and DIT, which are released at
the same time, are scavenged by the cell and the iodide is
removed enzymatically and reused.

REGULATION OF THYROID FUNCTION

Thyrotrophin-releasing hormone (TRH), released from the
hypothalamus in response to various stimuli, releases
thyroid-stimulating hormone (TSH; thyrotrophin) from the
anterior pituitary (Fig. 34.3), as does the synthetic tripeptide
protirelin (pyroglutamyl-histidyl-proline amide), which is
used in this way for diagnostic purposes. TSH acts on recep-
tors on the membrane of thyroid follicle cells through a
mechanism that involves cAMP and phosphatidylinositol
3-kinase. It has a trophic action on thyroid cells and controls
all aspects of thyroid hormone synthesis, including:

* the uptake of iodide by follicle cells, by stimulating
transcription of the iodide transporter genes; this is
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Fig. 34.1 Diagram of thyroid hormone synthesis and secretion, with the sites of action of some drugs used in the treatment of thyroid
disorders. lodide in the blood is transported by the carriers NIS and pendrin (PDS) through the follicular cell and into the colloid-rich lumen, where
itis incorporated into thyroglobulin under the influence of the thyroperoxidase enzyme (see text for details). The hormones are produced by
processing of the endocytosed thyroglobulin and exported into the blood. DIT, di-iodotyrosine; L, lysosome; MIT, monoiodotyrosine;
P, pseudopod; T, tyrosine; Ts, tri-iodothyronine; T,, thyroxine; TG, thyroglobulin; TSH, thyroid-stimulating hormone (thyrotrophin).

- the endocytosis and proteolysis of thyroglobulin
] . — the actual secretion of T; and T,
! : — the blood flow through the gland.

Thylopeloxidase Hzo2 The production of TSH is also regulated by a _nega_uv_e

feedback effect of thyroid hormones on the anterior pitui-

tary gland; T; is more active than T, in this respect. The

peptide somatostatin also reduces basal TSH release. The

HzN/H\COOH control of the secretion of TSH thus depends on a balance

<> between the actions of T5/ T, and TRH (and probably also
Monoiodotyrosine

somatostatin) on the pituitary.”

The other main factor influencing thyroid function is
the plasma iodide concentration. About 100 nmol of T, is
synthesised daily, necessitating uptake by the gland of
approximately 500 nmol of iodide each day (equivalent to
about 70 pg of iodine). A reduced iodine intake, with

HoN-" H\cooH HoN-" H\GOOH

Tyrosine Tyrosine radical reduced plasma iodide concentration, will result in a
Fig. 34.2 lodination of tyrosyl residues by the decrease of hormone production and an increase in TSH
thyroperoxidase-H,0, complex. This probably involves two secretion. An increased plasma iodide has the opposite
sites on the enzyme, one of which removes an electron from effect, although this may be modified by other factors. The

iodide to give the free radical ls; another removes an electron
from tyrosine to give the tyrosyl radical (shown by orange dot).
Monoiodotyrosine results from the addition of the two radicals.

overall feedback mechanism responds to changes of
iodide slowly over fairly long periods of days or weeks,
because there is a large reserve capacity for the binding
and uptake of iodide in the thyroid. The size and vascular-
ity of the thyroid are reduced by an increase in plasma
iodide and this is exploited therapeutically in preparing

the main mechanism by which it regulates thyroid
function and controls all aspects of thyreid hormone

synthesis including:
- the synthesis and secretion of thyroglobulin “Other control systems may also operate under some circumstances. A
- the generation of H;O; and the iodination of “long feedback’ loop through which T,/ T, can act on the hypothalamus
tyrosine to reduce TSH has been demonstrated in some animals. 419
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Fig. 34.3 Regulation of thyroid hormone secretion. lodide
(I") is essential for thyroid hormone synthesis, but excess of
endogenous or exogenous iodide (30 times the daily
requirement of iodine) may be used to inhibit the increased
thyroid hormone production of thyrotoxicosis. Protirelin as well
as recombinant thyrotrophin-releasing hormone (TRH) is
sometimes used to stimulate the system for diagnostic
purposes. Larger amounts of this isotope are used for ablation
of thyroid tissue (see text for detalils). T, tri-iodothyronine;

| T, thyroxine.

hyperthyroid patients for surgery to the gland. Diets
deficient in iodine eventually result in a continuous exces-
sive compensatory secretion of TSH, and eventually in an
increase in vascularity and (sometimes gross) hypertro-
phy of the gland.’

ACTIONS OF THE THYROID HORMONES

The physiological actions of the thyroid hormones fall
into two main categories: those affecting metabolism and
those affecting growth and development.

EFFECTS ON METABOLISM

The thyroid hormones produce a general increase in the
metabolism of carbohydrates, fats and proteins, and regu-
late these processes in most tissues, T; being three to five
times more active than T, in this respect (Fig. 34.4).
Although the thyroid hormones directly control the activ-
ity of some of the enzymes of carbohydrate metabolism,
most effects are brought about in conjunction with other
hormones, such as insulin, glucagon, the glucocorticoids
and the catecholamines. There is an increase in oxygen
consumption and heat production, which is manifested as
an increase in the measured basal metabolic rate. This
reflects the action of these hormones on tissues such as
heart, kidney, liver and muscle, although not on others,

*Derbyshire neck was the name given to this condition in a part of the
UK where sources of dietary iodine were once scarce.
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Fig. 34.4 The effect of equimolar doses of tri-
iodothyronine (Ts) and thyroxine (T4) on basal metabolic rate
(BMR) in a hypothyroid subject. Note that this figure is meant
only to illustrate overall differences in effect; thyroxine is not given
clinically in a single bolus dose as here, but in regular daily doses
s0 that the effect builds up to a plateau. The apparent differences
in potency really represent diifferences in kinetics, reflecting the

| prehormone role of T,. (Modified from Blackbumn et al., 1954.)

such as the gonads, brain or spleen. The calorigenic action
is important as part of the response to a cold environment.
Administration of thyroid hormone results in augmented
cardiac rate and output, and increased tendency to dys-
rhythmias such as atrial fibrillation.

EFFECTS ON GROWTH AND DEVELOPMENT

The thyroid hormones have a critical effect on growth,
partly by a direct action on cells, and also indirectly by
influencing growth hormone production and potentiating
its effects on its target tissues. The hormones are impor-
tant for a normal response to parathormone (Ch. 36) and
calcitonin as well as for skeletal development; they are
also essential for normal growth and maturation of the
central nervous system.

MECHANISM OF ACTION

While there is some evidence for non-genomic actions (see
Bassett et al,, 2003), thyroid hormones act mainly through
a specific nuclear receptor, TR (Ch. 3). Two distinct genes,
TRo and TRB, code for several receptor isoforms that have
distinct functions. T, may be regarded as a prohormone,
‘because when it enters the cell, it is converted to Ts, which
then binds with high affinity to TR. This interaction is
likely to take place in the nucleus, where TR isoforms
generally act as a constitutive repressor of target genes.
When T; is bound, these receptors change conformation,
the co-repressor complex is released and a co-activator
complex is recruited, which then activates transcription,
resulting in generation of MRNA and protein synthesis.

TRANSPORT AND METABOLISM OF
THYROID HORMONES

Both thyroid hormones are transported in the blood
mainly bound to thyroxine-binding globulin (TBG).
Plasma concentrations of these hormones can be
measured by radioimmunoassay, and are approximately
1x107 mol/1 (T,) and 2x 10~ mol/1 (Ts). Both are eventu-
ally metabolised in their target tissues by deiodination,
deamination, decarboxylation and conjugation with
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glucuronic and sulfuric acids. The liver is a major site of
metabolism and the free and conjugated forms are excreted
partly in the bile and partly in the urine. The half-life of
T; is a few hours, whereas that of T, varies between 3-4
days in hyperthyroidism, and 9-10 days in hypothy-
roidism.* Abnormalities in the metabolism of these hor-
mones may occur naturally or be induced by drugs or
heavy metals, and this may give rise to a variety of (uncom-
mon) clinical conditions such as the ‘low T; syndrome’.

ABNORMALITIES OF THYROID FUNCTION

Thyroid disorders are among the most common endocrine
diseases, and subclinical thyroid disease is particularly
prevalent in the middle-aged and elderly. They are accom-
panied by many extrathyroidal symptoms, particularly in
the heart and skin. One (rare) cause of organ dysfunction
is thyroid cancer. Many other thyroid disorders have an
autoimmune basis. The reason for this is not clear,
although it may be linked to polymorphisms in the PDS,
tumour necrosis factor (TNF)-a. or other genes. Regardless
of causation, thyroid dysfunction is often associated with
enlargement of the gland, known as goitre. Like other
autoimmune diseases, such thyroid disorders are more
common in women than men and occur with increased
frequency during pregnancy (Cignini et al., 2012).

HYPERTHYROIDISM (THYROTOXICOSIS)

In thyrotoxicosis there is excessive secretion and activity
of the thyroid hormones, resulting in a high metabolic
rate, an increase in skin temperature and sweating, and
heat intolerance. Nervousness, tremor, tachycardia and
increased appetite associated with loss of weight occur.
There are several types of hyperthyroidism, but only
two are common: diffuse toxic goitre (also called Graves’
disease” or exophthalmic goitre) and toxic nodular goitre.

Diffuse toxic goitre is an organ-specific autoimmune
disease caused by autoantibodies to the TSH receptor
‘which activate it, increasing thyroxine secretion. Constitu-
tively active mutations of the TRH receptor may also be
involved. As is indicated by the name, patients with exoph-
thalmic goitre have protrusion of the eyeballs. The patho-
genesis of this condition is not fully understood, but it is
thought to be caused by the presence of TSH receptor-like
proteins in orbital tissues. There is also an enhanced sensi-
tivity to catecholamines. Toxic nodular goitre is caused by
a benign neoplasm or adenoma, and may develop in
patients with long-standing simple goitre. This condition
does not usually have concomitant exophthalmos. The
antidysrhythmic drug amiodarone (Ch. 21) is rich in iodine
and can cause either hyperthyroidism or hypothyroidism.
Some iodine-containing radiocontrast agents, such as iopa-
noic acid and its congeners, used as imaging agents to visu-
alise the gall bladder, may also interfere with thyroid
function. The chronic use of psychotropic agents may pre-
cipitate a variety of thyroid abnormalities (Bou Khalil &
Richa, 2011).

of Ty therefore takes 2-3

“Cotrecting hyp idism by
weeks to reach equilibrium.
SAfter a Dublin physician who connected ‘violent and long continued
palpitations in females’ with enlargement of the thyroid gland. Their
complaints of flutteting hearts and lumps in their throats had
previously been attributed to hysteria.

THE THYROID

SIMPLE, NON-TOXIC GOITRE

A dietary deficiency of iodine, if prolonged, causes a rise in
plasma TRH and eventually an increase in the size of the
gland. This condition is known as simple or non-toxic goitre.
Another cause is ingestion of goitrogens (e.g. from cassava
root). The enlarged thyroid usually manages to produce
normal amounts of thyroid hormone, although if the iodine
deficiency is very severe, hypothyroidism may supervene.

HYPOTHYROIDISM

A decreased activity of the thyroid results in hypothy-
roidism, and in severe cases myxcedema. Once again,
this disease is immunological in origin, and the manifesta-
tions include low metabolic rate, slow speech, deep hoarse
voice, lethargy, bradycardia, sensitivity to cold and mental
impairment. Patients also develop a characteristic thicken-
ing of the skin (caused by the subcutaneous deposition of
glycosaminoglycans), which gives myxoedema its name.
Hushimoto’s thyroiditis, a chronic autoimmune disease in
which there is an immune reaction against thyroglobulin
or some other component of thyroid tissue, canlead to both
hypothyroidism and myxoedema. Genetic factors play an
important role. Therapy of thyroid tumours with radioio-
dine is another cause of hypothyroidism.

Thyroid deficiency during development, which is the
most prevalent endocrine disorder in the newborn (1 in
3000-4000 births) causes congenital hypothyroidism,”
characterised by gross retardation of growth and mental
deficiency.

DRUGS USED IN DISEASES
OF THE THYROID

HYPERTHYROIDISM

Hyperthyreidism may be treated pharmacologically
or surgically. In general, surgery is now used only
when there are mechanical problems resulting from com-
pression of the trachea by the thyroid. Under such circum-
stances it is usual to remove only part of the organ.
Although the condition of hyperthyroidism can be con-
trolled with antithyroid drugs, these drugs do not alter
the underlying autoimmune mechanisms or improve the
exophthalmos associated with Graves’ disease.

RADIOIODINE

Radioiodine is a first-line treatment for hyperthyroidism
(particularly in the USA). The isotope used is **'I (usually
as the sodium salt), and the dose generally 5-15 mCi. Given
orally, it is taken up and processed by the thyroid in the
same way as the stable form of iodide, eventually becoming
incorporated into thyreglobulin. The isotope emits both §
and yradiation. The yrays pass through the tissue without
causing damage, but the § particles have a very short range;
they are absorbed by the tissue and exert a powerful cyto-
toxic action that is restricted to the cells of the thyroid fol-
licles, resulting in significant destruction of the tissue. ™I
has a half-life of 8 days, so by 2 months its radioactivity has
effectively disappeared. It is given as one single dose, but
its cytotoxic effect on the gland is delayed for 1-2 months
and does not reach its maximum for a further 2 months.

*An older term for this condition, cretinism, has been dropped.
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The thyroid

= Thyroid hormones, tri-iodothyronine (Ts) and thyroxine
(T.), are synthesised by iodination of tyrosine residues
on thyroglobulin within the lumen of the thyroid follicle.

* Hormone synthesis and secretion are regulated by
thyroid-stimulating hormone (thyrotrophin) and
influenced by plasma icdide.

= There is a large pool of T, in the body; it has a low
turnover rate and is found mainly in the circulation.

* There is a small pool of T; in the body; it has a fast
turnover rate and is found mainly intracellularly.

« Within target cells, the T, is converted to T,, which
interacts with a nuclear receptor to regulate gene
transcription.

* Ty and T, actions:

— stimulation of metabolism, causing increased oxygen
consumption and increased metabolic rate
— regulation of growth and development.

* Abnormalities of thyroid function include:

- hyperthyroidism (thyrotoxicosis); either diffuse toxic
goitre or foxic nodular goitre

- hypothyroidism; in adults this causes myxoedema,
in infants, gross retardation of growth and mental
deficiency

— simple non-toxic goitre caused by dietary iodine
deficiency, usually with normal thyroid function.

)

Hypothyroidism will eventually occur after treatment
with radioiodine, particularly in patients with Graves’
disease, but is easily managed by replacement therapy with
T.. Radioiodine is best avoided in children and also in preg-
nant patients because of potential damage to the fetus.
There is theoretically an increased risk of thyroid cancer but
this has not been seen following therapeutic treatment.

The uptake of *'T and other isotopes of iodine is also
used diagnostically as a test of thyroid function. A tracer
dose of the isotope is given orally or intravenously and
the amount accumulated by the thyroid is measured by a
y-scintillation counter placed over the gland. I is also
used for the treatment of thyroid cancer.

THIOUREYLENES
This group of drugs comprises carbi

1 thi

BMR %

Weeks
Fig. 34.5 Time course of fall of basal metabolic rate
(BMR) during treatment with an antithyroid drug,
carbimazole. The curve is exponential, corresponding to a daily
decrease in BMR of 3.4%. (Modified from Furth et al., 1963.)

pylthiouracil has the additional effect of reducing the
deiodination of T, to T; in peripheral tissues.

Pharmacokinetic aspects

ioureylenes are given orally. Carbimazole is rapidly
converted to its active metabolite methimazole, which is
distributed throughout the body water and has a plasma
half-life of 6-15 h. An average dose of carbimazole pro-
duces more than 90% inhibition of thyroid incorporation
of iodine within 12 h. The full clinical response to this and
other antithyroid drugs, however, may take several weeks
(Fig. 34.5), partly because T, has a long half-life, and also
because the thyroid may have large stores of hormone,
‘which need to be depleted before the drug’s action can be
fully manifest. Propylthiouracil is thought to act some-
‘what more rapidly because of its additional effect as an
inhibitor of the peripheral conversion of T, to Ts.

Both methimazole and propylthiouracil cross the pla-
centa and also appear in the milk, but this effect is less
pronounced with propylthiouracil, because it is more
strongly bound to plasma protein. After degradation, the
metabolites are excreted in the urine, propylthiouracil
being excreted more rapidly than methimazole. The
thioureylenes may be concentrated in the thyroid.

Un d effects

zole and propylthiouracil. Chemically, they are related to
thiourea, and the thiocarbamide (S5-C-N) group is essen-
tial for antithyroid activity.

Mechanism of action

Thioureylenes decrease the output of thyroid hormones
from the gland, and cause a gradual reduction in the
signs and symptoms of thyrotoxicosis, the basal metabolic
rate and pulse rate returning to normal over a period of
3-4 weeks. Their mode of action is not completely under-
stood, but there is evidence that they inhibit the iodination
of tyrosyl residues in thyroglobulin (see Figs 34.1 and
34.2). It is thought that they inhibit the thyroperoxidase-
catalysed oxidation reactions by acting as substrates for
the postulated peroxidase-iodinium complex, thus com-
petitively inhibiting the interaction with tyrosine. Pro-

The most dangerous unwanted effect of thioureylene
drugs is neutropenia and agranulocytosis (see Ch. 24).
This is relatively rare, having an incidence of 0.1-1.2%,
and is reversible on cessation of treatment. Patients must
be warned to report symptoms (especially sore throat)
immediately and have a bloed count. Rashes (2-25%) and
other symptoms including headaches, nausea, jaundice
and pain in the joints, can also occur.

IODINE/IODIDE

Todine is converted in vivo to iodide (I"), which temporar-
ily inhibits the release of thyroid hormones. When high
doses of iodine are given to thyrotoxic patients, the symp-
toms subside within 1-2 days. There is inhibition of the
secretion of thyroid hormones and, over a period of 10-14
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days, a marked reduction in vascularity of the gland,
which becomes smaller and firmer. Iodine is often given
orally in a solution with potassium iodide ("Lugel’s iodine’).
With continuous administration, its effect reaches
maximum within 10-15 days and then decreases. The
mechanism of action is not entirely clear; it may inhibit
iodination of thyroglobulin, possibly by reducing the
H,O, generation that is necessary for this process.

The main uses of iodine/iodide are for the preparation
of hyperthyroid subjects for surgical resection of the gland,
and as part of the treatment of severe thyrotoxic crisis
(thyroid storm). It is also used following exposure to acci-
dental leakage of radioactive iodine from nuclear reactors,
to reduce uptake of the radioactive isotope in the thyroid.
Allergic reactions can occur; these include angioedema,
rashes and drug fever. Lacrimation, conjunctivitis, pain in
the salivary glands and a cold-like syndrome are dose-
related adverse effects connected to the concentration of
iodide by transport mechanisms in tears and saliva.

OTHER DRUGS USED

The B-adrenoceptor antagonists, for example propranolol
and nadolol (Ch. 14), are not antithyroid agents as such,
but they are useful for decreasing many of the signs and
symptoms of hyperthyroidism - the tachycardia, dys-
rhythmias, tremor and agitation. They are used during the
preparation of thyrotoxic patients for surgery, as well as
in most hyperthyroid patients during the initial treatment
period while the thioureylenes or radioiodine take effect,
or as part of the treatment of acute hyperthyroid crisis.
Eye drops containing guanethidine, a noradrenergic-
blocking agent (Ch. 14), are used to mitigate the exoph-
thalmos of hyperthyroidism (which is not relieved by
antithyroid drugs); it acts by relaxing the sympathetically
innervated smooth muscle that causes eyelid retraction.
Glucocorticoids (e.g. prednisolone or hydrocortisone) or
surgical decompression may be needed to mitigate severe
exophthalmia in Graves’ disease. Some other drugs (e.g.
cholecystographic agents or antiepileptic drugs) as well
as environmental ‘endocrine disruptors” may interfere
with the normal production of thyroid hormones.

HYPOTHYROIDISM

There are no drugs that specifically augment the synthesis
or release of thyroid hormones. The only effective treat-
ment for hypothyroidism, unless it is caused by iodine
deficiency (which is treated with iodide), is to administer
the thyroid hormones themselves as replacement therapy.
Synthetic T, (official name: levothyroxine) and Tj (official
name: liothyronine), identical to the natural hormones,
are given orally. Levothyroxine, as the sodium salt in
doses of 50-100 pg/day, is the usual first-line drug of
choice. Liothyronine has a faster onset but a shorter dura-
tion of action, and is generally reserved for acute emer-
gencies such as the rare condition of myxoedema coma,
where these properties are an advantage.

Unwanted effects may occur with overdose, and in
addition to the signs and symptoms of hyperthyroidism

"These are man-made chemicals such as pesticides or herbicides (e.g.
polychlorinated biphenyls) that linger in the environment and are
ingested in foodstuffs. The endocrine system is particularly sensitive to
these, especially during development.

THE THYROID

there is a risk of precipitating angina pectoris, cardiac
dysrhythmias or even cardiac failure. The effects of less
severe overdose are more insidious; the patient feels well
but bone resorption is increased, leading to osteoporosis
(Ch. 36).

The use of drugs to treat thyroid cancer (see Kojic et al.,
2012) is a specialist subject and will not be covered here.

The use of drugs acting on the thyroid is summarised
in the clinical box.

Drugs in thyroid disease

Drugs for hyperthyroidism

* Radioiodine (*'l), given orally, is selectively taken up by
thyroid and damages cells; it emits short-range
radiation, which affects only thyroid follicle cells.
Hypothyroidism will eventually occur.

* Thioureylenes (e.q. carbimazole, propylthiouracil)
decrease the synthesis of thyroid hormones; the
mechanism is through inhibition of thyroperoxidase,
thus reducing iodination of thyroglobulin. They are
given orally.

* |odine, given orally in high doses, transiently reduces
thyroid hormone secretion and decreases vascularity
of the gland.

Drugs for hypothyroidism

* Levothyroxine has all the actions of endogenous
thyroxine; it is given orally.

« Liothyronine has all the actions of endogenous
tri-iodothyronine; it is given infravenously.

Clinical use of drugs acting

on the thyroid \‘_

Radioiodine

* Hyperthyroidism (Graves’ disease, multinodular toxic
goitre).

* Relapse of hyperthyroidism after failled medical or
surgical treatment.

Carbimazole or propylthiouracil

* Hyperthyroidism (diffuse toxic goitre); at least 1 year of
treatment is needed.

* Preliminary to surgery for toxic goitre.

= Part of the treatment of thyroid storm (very severe
hyperthyroidism); propylthiouracil is preferred. The
B-adrenoceptor antagonists (e.g. propranolol) are
also used.

Thyroid hormones and iodine

* Levothyroxine (T,) is the standard replacement
therapy for hypothyroidism.

« Liothyronine (T is the treatment of choice for
myxoedema coma.

= |odine dissolved in aqueous potassium iodide
(‘Lugol’s iodine’) is used short term to control
thyrotoxicosis preoperatively. It reduces the vascularity
of the gland.
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