
THYROID HORMONE AND
ANTITHYROID DRUGS

Suggested Reading: Katzung - but also search
certain aspects elsewhere.



KEY CONCEPTS AND LEARNING OBJECTIVES

Thyroid hormone plays a major role in regulating
development as well as metabolism and calorigenesis.

To understand the steps in the synthesis of
Tetraiodothyronine (T4) and triiodothyronine (T3)

To understand the endocrine regulation of T3 and T4
production and feed-back loops

To know the physiological roles of T3 and T4 and, therefore,
the changes associated with hypo- and hyper-thyroidism.



To know the mechanism of the action of drugs used 
to treat hyperthyroidism.



Thyroid Hormone Structure:
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Synthesized in the thyroid gland.  The intrathyroidal
processing during synthesis of T3 and T4 is shown in the
figure below.
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Structure of thyroid hormones and precursors
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1: Trapping of iodide at the basement membrane and
passage to the apical cell surface.

2: Synthesis of the polypeptide chain of thyroglobulin (Tg).
3: Transport of newly synthesized thyroglobulin (Tg) to the

apical surface in apical vesicals (AV).
4: Iodination of Tg by iodinium cation (I+).
5: Retrieval of the Tg by micropinocytosis into small

vesicles (MPV) or by engulfment in colloid droplets (CD).
6: Fusion of lysosomes (L) with CD and MPV, proteolysis

of Tg (Cathepsins D, B &L) and dipeptidases to release of
iodinated tyrosines, T3 and T4.

7: Release of T3 and T4 into the bloodstream.
8: Deiodination of DIT and MIT with recirculation of the

iodide.



Iodide Uptake:
·  Active transport (energy dependent), against a 50 to 300-

fold electrochemical gradient. (stimulated by TSH)
·  Transport is from basement membrane to the apical cell

surface.

Synthesis of T3 and T4:

•  Thyroid peroxidase catalyses the oxidation of I- to
iodinium (I+), followed by iodination of selected tyrosine
residues on thyroglobulin.

•  Thyroglobulin (~600 kDa protein) is synthesized in the
cells and secreted in the epithelial lumen.



•  Iodination of thyroblobulin produces mono- and 
diiodotyrosine.

•  Mono- and diiodotyrosine couple within the 
thyroglobulin to form T3 and T4.

•  The thyroglubulin precursor is stored in the lumen 
as colloid.

Synthesis of T3 and T4 cont…:



Release:
• in response to TSH.
• reuptake of Tg into cells,
followed by proteolytic
degradation in lysosomes
to release the T3 and T4.
• only T4 and T3 are released
(approx. ratio: 4:1),
remaining aminoacids,
monoiodotyrosine are
reutilized.
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TSH: glycoprotein with α/β subunits: Gs/AC; Gq/PLC



Thyroid Binding Globulin (TBG)

Albumin

Thyroxine binding prealbumin (Transthyretin)
T4

Proteinuria:  Decrease in binding proteins - T3 & T4 ?

Pregnancy & Estrogen admin. - Increased TBG - T3 & T4?

Testosterone & Glucocorticoids - decrease TBG - T3 & T4?

Transport:
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Mechanism of Action

TRH GH

Uncoupling Prot.



May also have a direct effect on glucose transporter or
the Na/K ATPase.

• absolutely critical for mental development
during early life – untreated hypothyroidism of
newborn leads to cretinism.

• absolutely critical for the development of proper
dentition.



Physiological Actions of Thyroid Hormone

T3

Growth & Development
 essential for CNS Developent
Skeletal & dental development

Cardiovascular
 Hrt Rate & Contractility 
Stroke volume, MABP

β-adrenoreceptor number
(hypersensitivity to catecholes)

Calorigenesis
 BMR, O2 consumption, appetite

Heat intolerance

Intermediary Metabolism
 glycogenolysis & gluconeogenesis

(increase blood glucose) 
Lipid metabolism (decreased Chol)

protein mass



Thyroid Disorders:

Hypothyroidism
Hyperthyroidism

Hypothyroidism:
• Primary thyroid deficiency - myxedema, juvenile

myxedema, cretinism, goiter (congenital or
endemic)

• Hashimoto’s thyroiditis (Abs destroy the thyroid
gland, OR decrease peroxidase or Tg-less
common)



• drug induced – such as thiourylenes

• congenital (no gland or ectopic) – one of the
enzymes in synthesis is deficient

• endemic goiter – low iodide intake

• Secondary thyroid deficiency - pituitary disease
(TRH or TSH deficit can be radiation induced)

Thyroid Disorders cont…



Treatment of Hypothyroidism:

administering either thyroxine or triiodothyroxine

Not in drug-induced hypothyroidism - withdraw the offending
drug.

Also used to treat myxedema coma (life-threatening, usually
elderly population) & Nodular thyroid disease (negative feed-
back on TSH release).

Levothyroxine
• absorption is decreased by cholestyramine, iron & Ca2+

supplements, AlOH, and Soy products

• somewhat higher doses (per weight) are required in children

• may take several weeks to obtain steady-state levels



• monitor serum T4 and TSH levels

• Thyroxine increases the effect of warfarin,
tricyclic antidepressants and amiodarone.

• Biliary excretion of T4 increased by
rifampicin, phenytoin, carbamazepine, oral
contraceptives (CyP450 elevation).

Other preparations contain T3 alone
(Liothyronine Na) for rapid onset of
action as in Rx of Myxedema coma

OR mixture of T3 and T4 (liotrix)



Hyperthyroidism:

  most common causes:

• Graves’ Disease (autoimmune thyroid
disease also called exopthalamic goiter)

• toxic nodular goiter (carcinoma)

Graves’ Disease:  Autoantibodies against
TSH receptors stimulate the TSH receptors
and stimulate thyroid hormone production.
Optimum treatment - block immunogenic
stimulation - currently impractical.



Treatment of hyperthyroidism: More complex and may
consist of:

•    surgery
•    radioactive I
•    drugs thioureylenes iodide

β-blockers perchlorate (C1O4
-) 

corticosteroids pertechnetate (TCO4
-)

Corticosteroids decrease immune response and T4>T3



Antithyroid Drugs:

Mechanism of Action:

1) Thioureylenes (thioamides)
• inhibit iodine organification (the peroxidase catalyzed
reactions: iodination and coupling)

• propylthiouracil (PTU) - peripheral deiodination of T4
to T3
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• are rapidly absorbed, propylthiouracil has a
shorter plasma half-life than methimazole

• Methimazole (t1/2=4-6 h) is 10 times more
potent than PTU (t1/2~75min)

• methimazole and PTU cross the placental
barrier and are concentrated in the fetal
thyroid



• PTU - preferred in pregnant patients or
nursing mothers - restricted placental
transfer and limited excretion in milk.

• In pregnant patients monitor the levels of
PTU, T4 and TSH very closely.

• adverse reactions (3-12% of patients):
agranulocytosis (watch for sore throat as
early sign), granulocytopenia (leukocyte
counts recommended),  skin rash,  look out
for hypothyroidism



2) Iodide

• at high doses inhibits iodide uptake!

• in large doses inhibits synthesis of iodotyrosine and
iodothyronine and, therefore, hormone release.  High
intracellular concentrations of I- have to be attained.

• valuable in treatment of thyroid storm

• decreases vascularity, size, and fragility of the hyperplastic
gland - valuable pre-operative treatment

• not to be used prior to radioactive iodide treatment

• used in conjunction with other drugs  -  patient may
overcome the iodide block resulting in thyrotoxicosis



3) Radioactive Iodide

• Na131I is administered orally (t1/2=8 d)
• concentrated in the thyroid gland, where β

and γ radiation will, then in several weeks,
destroy all or part of the tissue

• no evidence of any radiation-induced damage
to any other tissues

• used in adults 35 years and older, but not in
women of child bearing age

   Disadvantage: Delayed hypothyroidism
(overtreatment)



      4) β-adrenergic Receptor Blockers:

• T3 increase number of β-adrenergic receptors in
the heart

• The heart becomes more sensitive to β-receptor
stimulation therefore, increased heart rate and
perhaps contractility

• β-blockers help against the adverse cardiac side
effects of hyperthyroidism.

• Decreases deiodination of T4 to T3



5) Anion Inhibitors

due to their toxicity and uncertain effects these are only used as
diagnostic tool

Inhibition site Compound

iodide concentration..………………iodide, complex 
anions, C104

-, TCO4
-, 

SCN
iodination..…………………………iodide,thioureylenes, 

SCN
coupling..…………………………..thioureylenes
hormone release..…………………..iodide, lithium, C104

-

deiodination (T4 > T3).……………propylthiouracil, β-
          blockers, corticosteroids

hormone action..…….……………..propranolol (β blockers)



Thyroid Storm

Acute, life threatening thyroid hormone induced hypermeta-
bolic state in patients with thyrotoxicosis (may be initial 
presentation in undiagnosed patients).

Symptoms: Heat intolerance, diaphoresis (sweating),
hyperpyrexia, tachycardia, high output heart failure, 
propensity to develop cardiac arrythmias, irritability, 
restlessness, severe agitation, delirium, seizure, and coma.

GI: diahrrhea, vomiting, jaundice, and abdominal pain.



Causes of Thyroid Storm:
Infection, surgery, trauma, radioactive iodide treatment,
pregnancy, anti-cholinergic and adrenergic drugs, 
thyroid hormone ingestion, diabetic ketoacidosis, over
palpitation of thyroid gland.
3 to 5 times more common in females than in males.
Treatment:
Antipyretics (acetaminophen) to control fever
i.v hydrocortisone - block T4>T3 conversion and

immunosuppressive
β-blockers - block T4>T3 conversion and cardiac actions
PTU - preferred since it blocks T4>T3 conversion
High doses of iodide to block thyroid hormone release 
Treat heart failure, if necessary.


