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Adrenocorticosteroids

» The adrenal cortex releases a large number of steroids into the circulation.
» Some have minimal biologic activity and function primarily as precursors,
and there are some for which no function has been established.

» The hormonal steroids may be classified as those having important effects
on intermediary metabolism (glucocorticoids), those having principally salt-
retaining activity (mineralocorticoids), and those having androgenic or
estrogenic activity.

» In humans, the major glucocorticoid is cortisol and the most important
mineralocorticoid is aldosterone.

» Quantitatively, dehydroepiandrosterone (DHEA) is the major adrenal
androgen. However, DHEA and two other adrenal androgens, androstenediol
and androstenedione, are weak androgens or estrogens, mostly by
peripheral conversion to testosterone and dehydrotestosterone or estradiol
and estrone.

» Adrenal androgens constitute the major endogenous precursors of
estrogen in women after menopause and in younger patients in whom
ovarian function is deficient or absent.

Hormones of adrenal gland

» Adrenal gland produces two types of hormones:
= Adrenocorticosteroides (produced by adrenal cortex)
= Catecholamines (produced by adrenal medulla)

TABLE 18~5 The Adrenal Hormones

Region/Zone Hormone(s) Primary Targets ~ Hormonal Effects Regulatory Control

CORTEX

Iona glomerulosa  Mineralocorticoids  Kidneuys Increase renal reabsorption of Na™ Stimulated by antiotensin |l,
[ primarily and water | especially in the presence elevated plasma K', or a fall
aldosterone] of ADH) and accelerate urinary loss of K™ in plasma Na”; inhibited by

(ANP and BNP]

Lona fasciculata Glucocorticoids Most cells Release amino acids from skeletal muscles and Stimulated by ACTH from
[conisol lipids from adipose tissues; promote liver formation anterior lobe of pitultary gland
[ hydrocortisone], of glucose and glycogen; promote peripheral
corticosterone| utilization of lipids; anti-inflammatory effects

Lona reticularis Androgens Not impartant in adult men. Stimutated by ACTH

MEDULLA Epinephring, Most cells Increases cardiac activity, blood pressure, Stimulated during sympathetic
norepinephrine glycogen breakdown, blood glucose levels; activation by sympathetic

releases lipids by adipose tissue preganglionic fibers




Biosynthesis

» Cholesterol forms pregnenolone
» Pregnenolone is the common precursor for the synthesis of all steroid hormones.

NORMAL STEROID SYNTHESIS
Cholesterol
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Cortisol

» Cortisol basic secretion : circadien and ultradien rythmes

s
'y ;—H_——__——-—___“————Hq——'r_-:_—_za—:—___g__“‘——r_‘—:_:“—;:: = |
———— ==

niration plasmatioue

L
.

1 T8

»Secretion 20 mg/day
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20ug/dl a 8h morning

Cortisol

» Cortisol (also called hydrocortisone, compound F) exerts a wide range of
physiologic effects, including regulation of intermediary metabolism,
cardiovascular function, growth, and immunity.

» Its synthesis and secretion are tightly regulated by the CNS, which is very
sensitive to negative feedback by the circulating cortisol and exogenous
(synthetic) glucocorticoids.

» Cortisol is synthesized from cholesterol.

» In the normal adult, in the absence of stress, 10—20 mg of cortisol is
secreted daily.

» The rate of secretion follows a circadian rhythm governed by pulses of
ACTH that peak in the early morning hours and after meals.




Control of Glucocorticoid Secretion
(The hypothalamic/pituitary/adrenal (HPA) axis)
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Pharmacokinetics

» In plasma, cortisol is bound to circulating proteins. Corticosteroid-binding
globulin (CBG), which synthesized by the liver, binds 90% of the circulating
hormone under normal circumstances. The remainder is free (about 5-10%)
or loosely bound to albumin (about 5%) and is available to exert its effect on
target cells.

» Synthetic corticosteroids such as dexamethasone are largely bound to
albumin rather than CBG.

» The half-life of cortisol in the circulation is normally about 60-90 minutes;
half-life may be increased when hydrocortisone is administered in large
amounts or when stress, hypothyroidism, or liver disease is present.

» Only 1% of cortisol is excreted unchanged in the urine as free cortisol.

» Many cortisol metabolites are conjugated with glucuronic acid or sulfate in
the liver; they then reenter the circulation and are excreted in the urine.




Mechanism of Action

» Most of the known effects of the glucocorticoids are mediated by widely
distributed glucocorticoids receptors. These proteins are members of the
superfamily of nuclear receptors. All these receptors interact with the
promoters and regulate the transcription of target genes.

» Free hormone from the plasma and interstitial fluid enters the cell and
binds to the receptor, inducing conformational changes. The ligand-bound
receptor complex then is actively transported into the nucleus, where it
interacts with DNA and nuclear proteins.

» The ligand-bound receptor also forms complexes with and influences the
function of other transcription factors, such as NF-kB, which contribute to
the regulation of transcription of their responsive genes.

» These transcription factors have broad actions on the regulation of growth
factors, proinflammatory cytokines, etc, and mediate the anti-growth, anti-
inflammatory, and immunosuppressive effects of glucocorticoids.

» The effects of glucocorticoids are mainly due to proteins synthesized from
MRNA transcribed by their target genes.

» Some of the effects of glucocorticoids can be attributed to their binding to
aldosterone receptors (AR). Indeed, ARs bind aldosterone and cortisol with
similar affinity.

Metabolic Effects

» The glucocorticoids have important dose-related effects on carbohydrate,
protein, and fat metabolism.

»The net results of these actions are most apparent in the fasting state,
when the supply of glucose from gluconeogenesis, the release of amino
acids from muscle catabolism, the inhibition of peripheral glucose uptake,
and the stimulation of lipolysis all contribute to maintenance of an adequate
glucose supply to the brain.

» Glucocorticoids increase serum glucose levels and thus stimulate insulin
release and inhibit the uptake of glucose by muscle cells.




Catabolic and Antianabolic Effects

» Although glucocorticoids stimulate protein and RNA synthesis in the liver,
they have catabolic and antianabolic effects in lymphoid and connective
tissue, muscle, fat, and skin.

» Supraphysiologic amounts of glucocorticoids lead to decreased muscle
mass and weakness and thinning of the skin.

» Catabolic and antianabolic effects on bone are the cause of osteoporosis
in Cushing's syndrome and impose a major limitation in the long-term
therapeutic use of glucocorticoids.

» In children, glucocorticoids reduce growth. This effect may be partially
prevented by administration of growth hormone in high doses.

Anti-Inflammatory and Immunosuppressive Effects

» Glucocorticoids dramatically reduce the manifestations of inflammation.

» This is due to their profound effects on the function of peripheral leukocytes
and to their suppressive effects on the inflammatory cytokines and chemokines
and on other mediators of inflammation.

» Glucocorticoids also inhibit the functions of tissue macrophages and other
antigen-presenting cells.

» Glucocorticoids influence the inflammatory response by reducing the
prostaglandin, leukotriene, and platelet-activating factor synthesis that results
from activation of phospholipase A2.

» Complement activation is unaltered, but its effects are inhibited.
» Antibody production can be reduced by large doses of steroids, though it is
unaffected by moderate dosages.

» Glucocorticoids decrease capillary permeability by reducing the amount of
histamine released by basophils and mast cells.




Other Effects

» On the nervous system: Adrenal insufficiency is associated with depression.
Increased amounts of glucocorticoids often produce behavioral disturbances.

» Glucocorticoids given chronically suppress the pituitary release of ACTH,
GH, TSH, and LH.

» Large doses of glucocorticoids induce the development of peptic ulcer.

» They also promote fat redistribution in the body, with increase of facial,
and supraclavicular fat.

» They increase the number of platelets and red blood cells.

» In the absence of physiologic amounts of cortisol, renal function is
impaired, vasopressin secretion is augmented.

» Glucocorticoids have important effects on the development of the fetal
lungs. Indeed, the structural and functional changes in the lungs near term
are stimulated by glucocorticoids.

Synthetic Corticosteroids

Pharmacokinetics

» The synthetic corticosteroids are in most cases rapidly and completely
absorbed when given by mouth.

» The compounds are excreted in the free form.

» In some cases, the agent given is a prodrug - eg, prednisone is rapidly
converted to the active product prednisolone in the body.

Pharmacodynamics

» The actions of the synthetic steroids are similar to those of cortisol.

» They bind to the specific intracellular receptor proteins and produce the
same effects but have different ratios of glucocorticoid to mineralocorticoid
potency.
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How Administered

Topical — skin rashes - hydrocortisone

Eye drops / ear drops: cortisone ear drops or Prednisolone Ophthalmic
suspension

Nasal — Nasonex

Tablet or liquid form — prednisone, Decadron
IV — methyl prednisone or Solu-medrol
Inhaled - asthmatic

Clinical Pearl

Whenever possible the physician / nurse practitioner will prescribe a topical,
nasal spray, eye drops or inhaled dosage before going to an oral route or
intravenous route.

Oral and intravenous routes are usually higher dosages and more likely to have
side effects.

Classification of Corticosteroids
ORAL CORTICOSTEROIDS

¢ Glucocorticoid Effect

Mineralocorticoid

Duration of

(dose equivalent) effect effect (in hours)
e SHORT ACTING
e Cortisone 25mg ++++ 8-12 hours
e Hydrocortisone 20mg ++++ 8-12 hours
e INTERMEDIATE-ACTING
e Prednisolone 5mg o 18-36 hours
e Triamcinolone 4mg - 18-36 hours
e Methylprednisolone 4mg - 18-36 hours
e Fludrocortisone - ++++ 24-36 hours
e LONG-ACTING
e Dexamethasone 750 micrograms - 36-54 hours
e Betamethasone 750 micrograms - 36-54 hours




INHALED CORTICOSTEROIDS

dose equivalent for adverse effects Time in circulation*
e Beclometasone 1000 micrograms - 19.5 hours
e Budesonide 1000 micrograms - 6.9 hours
e Fluticasone propionate 500 micrograms - 43.2 hours

*calculated as 3 times the terminal half life.

» Glucocorticoids have become important agents for use in the treatment
of many inflammatory, allergic, hematologic, and other disorders.

» Symptom control: asthma, allergic rhinitis, rheumatoid arthritis and related

connective tissue disorders, temporal arteritis, inflammatory bowel disease,

inflammatory skin conditions, chronic pain, anaphylactic shock

> Prevention: transplant rejection, respiratory distress in the newborn, cerebral
oedema

» Treatment: certain tumours, hyperkalaemia, some blood disorders

» Replacement therapy in Addison’s disease (under-activity of the adrenal cortex).




Diagnosis and Treatment of Disturbed Adrenal Function

» Chronic Adrenocortical Insufficiency (Addison's Disease)
» Acute Adrenocortical Insufficiency

» Congenital Adrenal Hyperplasia

» Cushing's Syndrome

» Aldosteronism

» Corticosteroids and Nonadrenal Disorders

» Use of Glucocorticoids for Diagnostic Purposes

Chronic Adrenocortical Insufficiency (Addison's Disease)

» Is characterized by weakness, fatigue, weight loss, hyperpigmentation,
hypotension and inability to maintain the blood glucose level during fasting.

» In primary adrenal insufficiency, about 20-30 mg of hydrocortisone must
be given daily, with increased amounts during periods of stress.

» Although hydrocortisone has some mineralocorticoid activity, this must be
supplemented by an appropriate amount of a salt-retaining hormone such as
fludrocortisone.

» Long-acting synthetic glucocorticoids should not be administered to these
patients.




Acute Adrenocortical Insufficiency

» When acute adrenocortical insufficiency is suspected, treatment must be
instituted immediately.

» Therapy consists of correction of fluid and electrolyte abnormalities and
treatment of precipitating factors in addition to large amounts of parenteral
hydrocortisone.

Congenital Adrenal Hyperplasia

»This group of disorders is characterized by specific defects in the synthesis
of cortisol. The most common defect is a decrease in or lack of P450c21
(21 -hydroxylase) activity.

»This would lead to a reduction in cortisol synthesis and produce a
compensatory increase in ACTH release. The gland becomes hyperplastic and
produces abnormally large amounts of precursors such as 17-
hydroxyprogesterone that can be diverted to the androgen pathway.

» In pregnancies at high risk for congenital adrenal hyperplasia, fetuses can
be protected from genital abnormalities by administration of dexamethasone
to the mother.

» However, the most reliable method of detecting this disorder is the
increased response of plasma 17- hydroxyprogesterone to ACTH stimulation.




Cushing's Syndrome

» Is usually the result of bilateral adrenal hyperplasia secondary to an
ACTH secreting pituitary adenoma but occasionally is due to tumors or
ectopic production of ACTH by other tumors.

» The manifestations are those associated with the chronic presence of
excessive glucocorticoids.

0 a rounded face and trunk obesity are striking in appearance.

0 The manifestations of protein loss include muscle wasting, thinning,

0 and poor wound healing,

0 and osteoporosis.

0 mental disorders,

0 hypertension,

0 and diabetes.

» Is treated by surgical removal of the tumor producing ACTH or cortisol,
irradiation of the pituitary tumor, or resection of one or both adrenals.

Moon Face

High-dose corticosteroid therapy
produces a characteristic
“moon face” appearance.




Aldosteronism

» Primary aldosteronism usually results from the excessive production of
aldosterone by an adrenal adenoma. However, it may also result from
abnormal secretion by hyperplastic glands or from a malignant tumor.

» The clinical findings of hypertension, weakness, and tetany are related
to the continued renal loss of potassium, which leads to hypokalemia,
alkalosis, and elevation of serum sodium concentrations.

» these patients have low (suppressed) levels of plasma renin activity
and angiotensin Il.

» It may be detected by an increased ratio of plasma aldosterone to
renin.

» Patients are generally improved when treated with spironolactone.

Corticosteroids and Nonadrenal Disorders

» The synthetic analogs of cortisol are useful in the treatment of a diverse
group of diseases unrelated to any known disturbance of adrenal function.

» The usefulness of corticosteroids in these disorders is a function of their
ability to suppress inflammatory and immune responses.

» In general, attempts should be made to bring the disease process under
control using medium- to intermediate-acting glucocorticoids such as
prednisone and prednisolone.

» Therapy should not be decreased or stopped abruptly.
» The presence of diabetes, peptic ulcer, osteoporosis, and psychologic

disturbances should be taken into consideration, and cardiovascular function
should be assessed.




Use of Glucocorticoids for Diagnostic Purposes

» It is sometimes necessary to suppress the production of ACTH in
order to identify the source of a particular hormone or to establish
whether its production is influenced by the secretion of ACTH.

» In these circumstances, it is advantageous to employ a very potent
substance such as dexamethasone.

» The dexamethasone suppression test is used for the diagnosis of
Cushing's syndrome.

Toxicity
» The major undesirable effects of the glucocorticoids are the result of their
hormonal actions, which lead to Cushing's syndrome.

» When the glucocorticoids are used for short periods (less than 2 weeks), it
is unusual to see serious adverse effects even with moderately large doses.

» However, insomnia, behavioral changes, and acute peptic ulcers are
occasionally observed even after only a few days of treatment.




Side Effects

* Moon face, buffalo hump, obese trunk (love handles), acne, weight gain

e CNS: nervousness, insomnia, depression, aggravation of pre-existing
mental disorders

* Musculoskeletal: long term use can cause osteoporosis, muscle weakness
and atrophy

e Gl: peptic ulcer, increased appetite

e Cardiovascular: fluid retention

Ocular: increased intraocular pressure, glaucoma, cataracts

> In general, patients treated with corticosteroids should be on high protein
and potassium-enriched diets.

Adrenal Suppression

» When corticosteroids are administered for more than 2 weeks, adrenal
suppression may occur.

> If treatment extends over weeks to months, the patient should be given
appropriate supplementary therapy.

» It may take 2—12 months for the hypothalamic-pituitary-adrenal axis to
function acceptably, and cortisol levels may not return to normal for another
6—9 months.

» The glucocorticoid-induced suppression is not a pituitary problem, and
treatment with ACTH does not reduce the time required for the return of
normal function.




Contraindications & Cautions

Special Precautions

» Patients receiving these drugs must be monitored carefully for the
development of hyperglycemia, glycosuria, sodium retention with edema or
hypertension, hypokalemia, peptic ulcer, osteoporosis, and hidden infections.

» The dosage should be kept as low as possible, and intermittent
administration (eg, alternate-day) should be employed.

Contraindications

»These agents must be used with great caution in patients with peptic ulcer,
heart disease or hypertension with heart failure, certain infectious illnesses
such as varicella and tuberculosis, psychoses, diabetes, osteoporosis, or
glaucoma.

Interactions (Not a complete list)

The effects of some drugs and appliances are antagonised: anti-epileptics,
anti-diabetics, anti-hypertensives, growth hormone, intra-uterine
contraceptive devices.

The dose of corticosteroids is effectively reduced by:

» co-administration with antacids, within 2 hours
» carbamazepine, phenytoin, rifampicin, theophylline

The dose of corticosteroids is effectively increased by:

» erythromycin, ketoconazole, itraconazole, ciclosporin, some anti-virals




Antagonists of Adrenocortical Agents

Synthesis Inhibitors & Glucocorticoid Antagonists

Metyrapone

» Metyrapone is a relatively selective inhibitor of steroid synthesis.

» Inhibits 11- hydroxylation, interfering with cortisol and corticosterone
synthesis.

» In the presence of a normal pituitary gland, there is a compensatory
increase in 11-deoxycortisol secretion.

»This agent has not been widely used for the treatment of Cushing's
syndrome. It may be useful in the management of severe manifestations of

cortisol excess in conjunction with radiation or surgical treatment.

» It is the only adrenal-inhibiting medication that can be administered to
pregnant women with Cushing's syndrome.

» The major adverse effects observed are salt and water retention and
hirsutism resulting from androgen synthesis.

» The drug has been withdrawn from the market in the USA.




Aminoglutethimide

» Aminoglutethimide blocks the conversion of cholesterol to pregnenolone
and causes a reduction in the synthesis of all hormonally active steroids.

» Aminoglutethimide can be used in conjunction with metyrapone or
ketoconazole to reduce steroid secretion in patients with Cushing's syndrome.

> It has been shown to enhance the metabolism of dexamethasone.

Ketoconazole

» Ketoconazole, an antifungal imidazole derivative, is a potent and rather
nonselective inhibitor of adrenal and gonadal steroid synthesis.

» Its inhibitory effects on steroid biosynthesis are seen only at higher doses
than that needed to treat fungal infections.

» This compound inhibits P450c17, and P450c11 enzymes required for
steroid hormone synthesis.

» Ketoconazole has been used for the treatment of patients with Cushing's
syndrome due to several causes.




Mifepristone

» This compound is a glucocorticoid receptor antagonist.

» High doses of mifepristone exert antiglucocorticoid activity by blocking the
glucocorticoid receptors.

»To date, the application of mifepristone can only be recommended for
inoperable patients with ectopic ACTH secretion or adrenal carcinoma who
have failed to respond to other therapeutic manipulations.

Mitotane

» Mitotane has adrenolytic properties.

» About one-third of patients with adrenal carcinoma show a reduction
in tumor mass.

» In 80% of patients, the toxic effects are sufficiently severe to require
dose reduction.

»The drug has been withdrawn from the market in the USA.




Trilostane

»Trilostane is a 17 hydroxysteroid dehydrogenase inhibitor that interferes
with the synthesis of adrenal and gonadal hormones and is comparable to

aminoglutethimide.

»Its side effects are predominantly gastrointestinal.

HaC
HO : : >
Pregnenclione 1‘?65—Hydroxypregneﬁﬁiene Dehydroeplandrostefone
CHax z : = i _:.CH& 5 = :7:_
3B-HSD | = Bﬁ:HS'D | B SB HSB :
HaC e bz e e HaC
HzC Pa450, 7. HE,C' =oH P45,9‘|7t1 ' E‘Hsc
o : o
Progesterone 1 Ta~i—lyadroxyprogesﬁerene Androstenedione

. F e 4 H_ s P4502‘|l CH>OH ?HZOH:

-"1‘2 Deexycorhsci




Mineralocorticoids
(Aldosterone, Deoxycorticosterone, Fludrocortisone)

» The most important mineralocorticoid in humans is aldosterone.

» However, small amounts of deoxycorticosterone (DOC) are also
formed and released.

» Fludrocortisone, a synthetic corticosteroid, is the most commonly
prescribed salt-retaining hormone.

Aldosterone

» The rate of aldosterone secretion is subject to several influences.

» ACTH produces a moderate stimulation of its release, but this effect
is not sustained for more than a few days in the normal individual.

» Although aldosterone is no less than one third as effective as cortisol
in suppressing ACTH, the quantities of aldosterone produced by the
adrenal cortex and its plasma concentrations are insufficient to
participate in any significant feedback control of ACTH secretion.

» In the absence of ACTH, aldosterone secretion falls to about half the
normal rate, indicating that other factors, eg, angiotensin, are able to
maintain and perhaps regulate its secretion.




Physiologic & Pharmacologic Effects

» Aldosterone and other steroids with mineralocorticoid properties
promote the reabsorption of sodium from the distal convoluted and
cortical collecting renal tubules, loosely coupled to the excretion of
potassium and hydrogen ion.

» Excessive levels of aldosterone produced by tumors or overdosage
with synthetic mineralocorticoids lead to hypernatremia, hypokalemia,
metabolic alkalosis, increased plasma volume, and hypertension.

» Mineralocorticoids act by binding to the mineralocorticoid receptor
in the cytoplasm of target cells, especially principal cells of the distal
convoluted and collecting tubules of the kidney.

Deoxycorticosterone (DOC)

» DOC, serves as a precursor of aldosterone. Its half-life when injected
into the human circulation is about 70 minutes.

> The control of its secretion differs from that of aldosterone in that the
secretion of DOC is primarily under the control of ACTH.

Fludrocortisone

» Is a potent steroid with both glucocorticoid and mineralocorticoid activity,
is the most widely used mineralocorticoid.

» Used in the treatment of adrenocortical insufficiency associated with
mineralocorticoid deficiency.




Mineralocorticoid Antagonists

» In addition to agents that interfere with aldosterone synthesis, there are
steroids that compete with aldosterone for binding sites and decrease its
effect peripherally.

Spironolactone

» Its onset of action is slow, and the effects last for 2—3 days after the
drug is discontinued.

» Itis used in the treatment of primary aldosteronism.
» This agent is also useful in preparing these patients for surgery.

» Spironolactone is also an androgen antagonist and as such is used
in treatment of hirsutism in women.

» Spironolactone can be used also as a diuretic. The drug has
benefits in heart failure greater than those predicted from its diuretic
effects alone.

» Adverse effects of spironolactone include hyperkalemia, cardiac
arrhythmia, menstrual abnormalities, sedation, headache,
gastrointestinal disturbances, and skin rashes.




Oral Antidiabetic Agents
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Oral Antidiabetic Agents

» Four categories of oral antidiabetic agents are now available:

o insulin secretagogues (sulfonylureas, meglitinides, D-phenylalanine derivatives),
o biguanides,
o thiazolidinediones,

o alpha- glucosidase inhibitors.



Oral Antidiabetic Agents

» The sulfonylureas and biguanides have been available the longest and are the
traditional initial treatment choice for type 2 diabetes.

» Novel classes of rapidly acting insulin secretagogues, the D-phenylalanine
derivatives and meglitinides, are alternatives to the short-acting sulfonylurea,
tolbutamide.

» The thiazolidinediones are very effective agents that reduce insulin resistance.
» alpha-Glucosidase inhibitors have a relatively weak antidiabetic effect and
significant adverse effects, and they are used primarily as adjunctive therapy in

individuals who cannot achieve their glycemic goals with other medications.



Insulin Secretagogues

Sulfonylureas

Mechanism of Action

» The major action of sulfonylureas is to increase insulin release from the pancreas.

» Two additional mechanisms of action have been proposed:

o a reduction of serum glucagon levels
o and closure of potassium channels in extra pancreatic tissues (is of unknown

clinical significance).



Regulation of Insulin Release in Humans

» Stimulants of insulin release
oGlucose, mannose
olLeucine
oVagal stimulation
oSulfonylureas

» Amplifiers of glucose-induced insulin release
oEnteric hormones:
*Glucagon-like peptide 1 (GLP-1)
eGastrin inhibitory peptide
*Cholecystokinin
*Secretin, gastrin
oNeural amplifiers:
*beta-Adrenoceptor stimulation
oAmino acids:
*Arginine

» Inhibitors of insulin release
oNeural: alpha-Sympathomimetic effect of catecholamines
oHumoral: Somatostatin
oDrugs: Diazoxide, phenytoin, vinblastine, colchicine



Insulin Release from Pancreatic B Cells

» Sulfonylureas bind to a high-affinity sulfonylurea receptor that is associated with
a B cell inward rectifier ATP-sensitive potassium channel.
» Binding of a sulfonylurea inhibits the efflux of potassium ions through the

channel and results in depolarization.
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Sulfonylureas increase insulin release
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Reduction of Serum Glucagon Concentrations

» Chronic administration of sulfonylureas to type 2 diabetics reduces serum
glucagon levels, which may contribute to the hypoglycemic effect of the drugs.

» The mechanism for this suppressive effect of sulfonylureas on glucagon levels is

unclear but appears to involve indirect inhibition due to enhanced release of both

insulin and somatostatin, which inhibit A cell secretion.

Potassium Channel Closure in Extrapancreatic Tissues

» Insulin secretagogues bind to sulfonylurea receptors in potassium channels in
extrapancreatic tissues but the binding affinity varies among the drug classes and is
much less avid than for the B cell receptors.

> The clinical significance of extrapancreatic binding is not known.




Efficacy & Safety of the Sulfonylureas

» They are conventionally divided into first-generation and second-generation
agents, which differ primarily in their potency and adverse effects.
» The second-generation agents become generic and less expensive, so the earlier

compounds (first-generation sulfonylureas) probably will be discontinued.
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First-Generation Sulfonylureas

> Tolbutamide

o Its duration of effect is relatively short, with an elimination half-life of 4—5 hours.

o Because of its short half-life, it is the safest sulfonylurea for use in elderly diabetics.

o Prolonged hypoglycemia has been reported rarely.

» Chlorpropamide

o has a half-life of 32 hours and is slowly metabolized in the liver to products that

retain some biologic activity.

o is contraindicated in patients with hepatic or renal insufficiency.

o Prolonged hypoglycemic reactions are more common in elderly patients, and the

drug is contraindicated in this group.
> Tolazamide
o is comparable to chlorpropamide in potency but has a shorter duration of action.

o is more slowly absorbed than the other sulfonylureas. Its half-life is about 7 h.

o is metabolized to several compounds that retain hypoglycemic effects. .



Second-Generation Sulfonylureas

» The second-generation sulfonylureas are more frequently prescribed than the first

generation agents because they have fewer adverse effects and drug interactions.

» These potent sulfonylurea compounds - glyburide, glipizide, and glimepiride - should

be used with caution in patients with cardiovascular disease or in elderly patients, in

whom hypoglycemia would be especially dangerous.

> Glyburide

o is metabolized in the liver into products with very low hypoglycemic activity.

o has few adverse effects other than its potential for causing hypoglycemia.

o is contraindicated in the presence of hepatic impairment and in patients with

renal insufficiency.
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> Glipizide

o Has the shortest half-life (2—4 hours) of the more potent agents, therefore,

glipizide is much less likely than glyburide to produce serious hypoglycemia.
o For maximum effect in reducing postprandial hyperglycemia, this agent should

be ingested 30 minutes before breakfast.

o Glipizide therapy is contraindicated in patients with significant hepatic or renal

impairment, who would therefore be at high risk for hypoglycemia.

» Glimepiride

o Is approved for once-daily use as monotherapy or in combination with insulin.

o Lowers blood glucose with the lowest dose of any sulfonylurea compound.

o It has a long duration of effect, allowing once-daily dosing and thereby

improving compliance.

o It is completely metabolized by the liver to inactive products.

13



Insulin Secretagogues

Meglitinides

» The meglitinides are a relatively new class of insulin secretagogues.

» Repaglinide, the first member of the group.

» These drugs modulate B cell insulin release by regulating potassium efflux
through the potassium channels.

» There is overlap with the sulfonylureas in their molecular sites of action since the
meglitinides have two binding sites in common with the sulfonylureas and one
unique binding site.

» Unlike the sulfonylureas, they have no direct effect on insulin exocytosis.
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> Repaglinide

o Has a very fast onset of action, with a peak concentration and peak effect within

approximately 1 hour after ingestion, but the duration of action is 5-8 hours.
o It is hepatically cleared by CYP3A4 with a plasma half-life of 1 hour.

o Because of its rapid onset, repaglinide is indicated for use in controlling

postprandial glucose excursions.

o It should be taken just before each meal; hypoglycemia is a risk if the meal is

delayed or skipped or contains inadequate carbohydrate.

o It should be used cautiously in individuals with renal and hepatic impairment.

o It is approved as monotherapy or in combination with biguanides.
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Insulin Secretagogue

D-Phenylalanine Derivative

» Nateglinide,
o Is a D-phenylalanine derivative, is the latest insulin secretagogue to become
clinically available.

o Stimulates very rapid and transient release of insulin from B cells through

closure of the ATP-sensitive K+ channel.

o May have a special role in the treatment of individuals with isolated

postprandial hyperglycemia, but it has minimal effect on overnight or fasting

glucose levels.

o Nateglinide is ingested just prior to meals.

o The overall duration of action is less than 4 hours.

o It is efficacious when given alone or in combination with nonsecretagogue oral

agents (such as metformin).
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> Nateglinide,
o Nateglinide amplifies the insulin secretory response to a glucose load but has

a markedly diminished effect in the presence of nhormoglycemia.

o The incidence of hypoglycemia may be the lowest of all the secretagogues,

and it has the advantage of being safe in individuals with very reduced renal

function.

18



Biguanides

» Metformin is the only biguanide used for the treatment of type 2 diabetes .
» Phenformin (an older biguanide) was discontinued in the USA because of its
association with lactic acidosis and because there was no documentation of any

long-term benefit from its use.

Metabolism & Excretion

» Metformin has a half-life of 1.5-3 hours, is not bound to plasma proteins, is not
metabolized, and is excreted by the kidneys as the active compound.

» As a consequence of metformin's blockade of gluconeogenesis, the drug may
impair the hepatic metabolism of lactic acid.

» In patients with renal insufficiency, biguanides accumulate and thereby increase

the risk of lactic acidosis, which appears to be a dose-related complication.

19



Biguanides

Mechanisms of Action

» A full explanation of the biguanides' mechanism of action remains elusive.

» These agents are therefore more appropriately termed "euglycemic" agents.

> Currently proposed mechanisms of action include:

(1) direct stimulation of glycolysis in tissues;
(2) reduced hepatic gluconeogenesis;
(3) slowing of glucose absorption from the GIT;

and (4) reduction of plasma glucagon levels.
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Clinical Use

» Biguanides have been most often prescribed for patients whose hyperglycemia is
due to ineffective insulin action, ie, insulin resistance syndrome.

» Metformin does not increase weight or provoke hypoglycemia, it offers obvious

advantages over insulin or sulfonylureas in treating hyperglycemia in such individuals.

» Metformin therapy decreases the risk of macrovascular as well as microvascular

disease; this is in contrast to the other therapies.
» Metformin is efficacious in preventing the new onset of type 2 diabetes in middle-

aged, obese individuals with impaired glucose tolerance and fasting hyperglycemia.
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Toxicities

» The most frequent toxic effects of metformin are gastrointestinal (anorexia,

nausea, vomiting, abdominal discomfort, diarrhea).

» Absorption of vitamin B12 appears to be reduced during long-term metformin

therapy.

» In the absence of hypoxia or renal or hepatic insufficiency, lactic acidosis is less

common with metformin therapy than with phenformin therapy.

» Biguanides are contraindicated in patients with renal disease, alcoholism, hepatic

disease, because of an increased risk of lactic acidosis induced by biguanide drugs in

the presence of these diseases.
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Thiazolidinediones

» Thiazolidinediones (Tzds) act to decrease insulin resistance.

» Their primary action is the nuclear regulation of genes involved in glucose and lipid

metabolism and adipocyte differentiation.

» Tzds are ligands of peroxisome proliferator-activated receptor-gamma (PPAR- y),
part of the steroid and thyroid superfamily of nuclear receptors.

» These PPAR receptors are found in muscle, fat, and liver.

» In addition to targeting adipocytes, myocytes, and hepatocytes, Tzds also have

significant effects on vascular endothelium, the immune system, the ovaries, and

tumor cells. Some of these responses may be independent of the PPAR- y pathway.

» |In persons with diabetes, a major site of Tzd action is adipose tissue, where the

drug promotes glucose uptake and utilization and modulates synthesis of lipid

hormones or cytokines and other proteins involved in energy regulation.
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» Two thiazolidinediones are currently available: pioglitazone and rosiglitazone.

» Pioglitazone

o Itis absorbed within 2 hours of ingestion; although food may delay uptake, total

bioavailability is not affected.

o Pioglitazone may be taken once daily.

o The TGs lowering effect is more significant than that observed with rosiglitazone.

o Pioglitazone is approved as a monotherapy and in combination with metformin,

sulfonylureas, and insulin for the treatment of type 2 diabetes.

» Rosiglitazone

o Is rapidly absorbed and highly protein bound.

o It is administered once or twice daily.
o The drug is approved for use in type 2 diabetes as monotherapy or in combination

with a biguanide or sulfonylurea.
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> Tzds are considered "euglycemics" and are efficacious in about 70% of new users.

» Individuals experiencing secondary failure to other oral agents should benefit
from the addition (rather than substitution) of a Tzd.

» Because their mechanism of action involves gene regulation, the Tzds have a slow

onset and offset of activity over weeks or even months.

» Combination therapy with sulfonylureas and insulin can lead to hypoglycemia and

may require dosage adjustment.

» An adverse effect common to both Tzds is fluid retention especially when used in

combination with insulin or insulin secretagogues.

» Many users have a dose-related weight gain, which may be fluid-related.

» These agents should not be used during pregnancy, in the presence of significant

liver disease, or if there is a concurrent diagnosis of heart failure.
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Alpha Glucosidase Inhibitors
» Only monosaccharides, such as glucose and fructose, can be transported out of the
intestinal lumen and into the bloodstream.

» The digestion of complex starches, oligosaccharides, and disaccharides is facilitated

by enteric enzymes, including pancreatic a -amylase, and a-glucosidases.

» Acarbose and miglitol are competitive inhibitors of the intestinal a -glucosidases and

reduce the postprandial digestion and absorption of starch and disaccharides, thereby

lowering postmeal glycemic excursions as much as 45—60 mg/dL.

» Acarbose and miglitol are taken just prior to ingesting the first portion of each meal.

» Although the binding affinity of the two compounds differs, acarbose and miglitol

both target the a -glucosidases: sucrase, maltase, glycoamylase, dextranase.
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» Prominent adverse effects include diarrhea, and abdominal pain and result from

the appearance of undigested carbohydrate in the colon that is then fermented.
» Although not a problem with monotherapy or combination therapy with a

biguanide, hypoglycemia may occur with concurrent sulfonylurea treatment.

» Hypoglycemia should be treated with glucose (dextrose) and not sucrose, whose

breakdown may be blocked.

» These drugs are contraindicated in patients with inflammatory bowel disease or

any intestinal condition that could be worsened by gas and distention.

» Diabetes prevention may become a further indication for this class of medications.
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Combination Therapy with Oral Antidiabetic Agents & Insulin

Combination Therapy in Type 2 Diabetes Mellitus

» Bedtime insulin has been suggested as an adjunct to oral antidiabetic therapy in

patients with type 2 diabetes who have not responded to maximal oral therapy.

» Clinical practice has evolved to include sulfonylureas, meglitinides, D-phenylalanine
derivatives, biguanides, thiazolidinediones, or alpha-glucosidase inhibitors given in
conjunction with insulin.

» Individuals unable to achieve glycemic control with bedtime insulin generally
require full insulin replacement and multiple daily injections of insulin.

» When oral agents are added to the regimen of someone already taking insulin, the
blood glucose should be closely monitored and the insulin dosage decreased as

needed to avoid hypoglycemia.
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Dipeptidyl peptidase-4 (DPP-4) inhibitors
(Alogliptin, linagliptin, saxagliptin, and sitagliptin.)

1. Mechanism of action:

» These drugs inhibit the enzyme DPP-4, which is responsible for the inactivation of

incretin hormones such as GLP-1.

» Prolonging the activity of incretin hormones increases insulin release in response to

meals and reduces inappropriate secretion of glucagon.

» DPP-4 inhibitors may be used as monotherapy or in combination with sulfonylureas,

metformin, TZDs, or insulin.

» Unlike incretin mimetics, these drugs do not cause satiety, or fullness, and are

weight neutral.



2. Pharmacokinetics and fate:

» The DPP-4 inhibitors are well absorbed after oral administration.

» Food does not affect the extent of absorption.

» Alogliptin and sitagliptin are mostly excreted unchanged in the urine.

» Saxagliptin is metabolized via CYP450 3A4/5 to an active metabolite.

» The primary route of elimination for saxagliptin and the metabolite is renal.

» Linagliptin is primarily eliminated via the enterohepatic system.

» All DPP-4 inhibitors except linagliptin require dosage adjustments in renal dysfunction.

3. Adverse effects:

» In general, DPP-4 inhibitors are well tolerated, with the most common adverse effects
being nasopharyngitis and headache.
» Strong inhibitors of CYP450 3A4/5, such as ritonavir, atazanavir, itraconazole, and

clarithromycin, may increase levels of saxagliptin. Therefore, reduced doses of saxagliptin

should be used.




Sodium-—glucose cotransporter 2 (SGLT2) inhibitors
(Canagliflozin and dapagliflozin)

1. Mechanism of action:

» The sodium—glucose cotransporter 2 (SGLT2) is responsible for reabsorbing filtered

glucose in the tubular lumen of the kidney.

» By inhibiting SGLT2, these agents

edecrease reabsorption of glucose, increase urinary glucose excretion, and lower

blood glucose.

*decreases reabsorption of sodium and causes osmotic diuresis. Therefore, SGLT2

inhibitors may reduce systolic blood pressure. However, they are not indicated for

the treatment of hypertension.



2. Pharmacokinetics and fate:

» Given once daily in the morning.
» Canagliflozin should be taken before the first meal of the day.

» Both drugs are mainly metabolized by glucuronidation to inactive metabolites.

» While the primary route of excretion for canagliflozin is via the feces, about one-third
of a dose is renally eliminated.

» These agents should be avoided in patients with renal dysfunction.

3. Adverse effects:

» The most common adverse effects are female genital mycotic infections (for example,
candidiasis), urinary tract infections, and urinary frequency.
» Hypotension has also occurred, particularly in the elderly or patients on diuretics.

Thus, volume status should be evaluated prior to starting these agents.



Combination Therapy in Type 1 Diabetes Mellitus

» There is no indication for combining insulin with insulin secretagogues in

individuals with type 1 diabetes.
» Type 1 diabetics with diets very high in starch may benefit from the addition of

alpha-glucosidase inhibitors, but this is not typically practiced.
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Glucagon
Chemistry & Metabolism
» Glucagon is synthesized in the A cells of the pancreatic islets of Langerhans.
» Glucagon is a peptide consisting of a single chain of 29 amino acids.
» Glucagon is extensively degraded in the liver and kidney as well as in plasma, and
at its tissue receptor sites.

» Its half-life in plasma is between 3 and 6 minutes, which is similar to that of insulin.

» The intestinal cells secrete enteroglucagon, a family of glucagon-like peptides,
along with glucagon-like peptides 1 and 2 (GLP-1 and GLP-2).

> A derivative of GLP-1 Exenatide is a potent stimulant of insulin release and has

been termed "insulinotropin" .

> It has been considered as a potential therapeutic agent in type 2 diabetes.

» However, it requires continuous subcutaneous infusion to produce a sustained
lowering of both fasting and postprandial hyperglycemia in type 2 diabetic patients;

therefore, its clinical usefulness is limited.
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Pharmacologic Effects of Glucagon

Metabolic Effects

» The first six amino acids at the amino terminal of the glucagon molecule bind to
specific receptors on liver cells.

» This leads to a Gs protein-linked increase in adenylyl cyclase activity and the

production of cAMP, which facilitates catabolism of stored glycogen and increases
gluconeogenesis and ketogenesis.

» The immediate pharmacologic result of glucagon infusion is to raise blood
glucose at the expense of stored hepatic glycogen.

» There is no effect on skeletal muscle glycogen, presumably because of the lack

of glucagon receptors on skeletal muscle.
» Pharmacologic amounts of glucagon cause release of insulin from normal
pancreatic B cells, catecholamines from pheochromocytoma, and calcitonin from

medullary carcinoma cells.
39



Cardiac Effects

» Glucagon has a potent inotropic and chronotropic effect on the heart, mediated

by the cAMP mechanism.

» Thus, it produces an effect very similar to that of B-adrenoceptor agonists

without requiring functioning B -receptors.

Effects on Smooth Muscle

» Large doses of glucagon produce profound relaxation of the intestine.

» In contrast to the above effects of the peptide, this action on the intestine may

be due to mechanisms other than adenylyl cyclase activation.
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Clinical Uses

Severe Hypoglycemia

» The major use of glucagon is for emergency treatment of severe hypoglycemic

reactions in patients with type 1 diabetes when unconsciousness precludes oral
feedings and use of intravenous glucose is not possible.
» Recombinant glucagon is currently available in 1 mg vials for parenteral use.

> Nasal sprays have been developed for this purpose.

Beta-Blocker Poisoning

» Glucagon is sometimes useful for reversing the cardiac effects of an overdose of

beta-blocking agents because of its ability to increase cAMP production in the heart.

Adverse Reactions

» Transient nausea and occasional vomiting can result from glucagon administration.

» These are generally mild, and glucagon is relatively free of severe adverse reactions.
41




Eplerenone,

» a new aldosterone antagonist, has been approved for the treatment of
hypertension.

» This aldosterone receptor antagonist is somewhat more selective than
spironolactone and has no reported effects on androgen receptors.

»The most common toxicity is hyperkalemia but this is usually mild.

Drospirenone,

» a progestin in a new oral contraceptive, also antagonizes the effects of
aldosterone.




Thyroid and
Anti-Thyroid Drugs

Dr. Shadi HOMSI 11 Oct 2021

Anatomy and Physiology of the Thyroid Gland

*  Member of the Endocrine System

— Secretes thyroid hormones, thyroxine T4, triiodothyronine T3,
which regulate metabolism, growth, development, body

temperature, and energy levels.

And calcitonin which is important in the regulation of calcium

metabolism.
— Located in neck adjacent to the 5t cervical vertebra (C5).

— Butterfly shaped w/2 lobes connected by an isthmus
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Made up of 2 types of cells

— Follicle cells (simple cuboidal epithelium) make up the follicle & produce
a glycoprotein called thyroglobulin

* The lumen of the follicle contains thyroglobulin which attached lodine
molecules

* Thyroid hormone (TH) is produced from the iodinated thyroglobulin

— Parafollicular cells are interspersed b/t follicular epithelium
* Calcitonin is produced here (It acts to reduce blood calcium (CaZ*))
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Biosynthesis of Thyroid Hormones
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Biosynthesis of Thyroid Hormones

= Thyroid peroxidase (TPO) catalyzes the conversion of iodide (I") to iodine
(1,) using H,0, as a cofactor.

= TPO then catalyzes the addition of iodine to the C-3 and C-5 position of a
tyrosine residue of thyroglobulin.

= Two iodinated thyrosine rings condense to form thyroxine, or T4, with
four iodine substituents.

=The ratio of T4 to T3 within thyroglobulin is approximately 5:1, so that
most of the hormone released is thyroxine.
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THYROID GLAND
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Mechanism of action of thyroid hormones

Hydrophobic molecule transported in the bloodstream with a requisite
carrier protein, TBG. Albumin also serves as a TH carrier protein.

T4 dissociate from thyroxine binding globulin in plasma before entry into

the target cells.

In the cells, T4 is enzymatically deiodinated to T3 which enters nucleus
and attaches to specific receptors which promotes protein synthesis.

Topyright © The McGraw-HIll Companies, Inc. Permission required for reproguction or dispiay. |
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the affinity of the receptor site for T4 is about ten times lower than that for T3.
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The primary metabolism of thyroxine is deiodination.

» Deiodination of T4 may occur by monodeiodination of outer ring
producing 3,5,3’- trilodothyronine - T3 ( T3 is 4 times more potent
than T4) by 5’-monodeiodinase.

» Deiodination of inner ring produce 3,3’,5’ — reverse triiodothyronine —
rT3 (inactive) by 5 monodeiodinase.
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Thyroid-Pituitary Relationships

» The hypothalamus in the brain secretes thyroid releasing hormone, TRH,
that target the pituitary gland which, in turn, secretes thyroid stimulating
hormone, TSH.

» The pituitary gland’s sensitivity toward TRH varies with the body’s need
for thyroid hormones.

» TSH is absorbed into the thyroid, stimulating the thyroid to absorb iodine
and synthesize hormones.

» Thyroid hormones provide negative feedback for TSH production via
a“homeostatic feedback loop.”
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Thyroid Hormones

Pharmacokinetics

Table 38—1. Summary of Thyroid Hormone Kinetics.

Variable T, Ts

Volume of distribution 10L 40 L
Extrathyroidal pool K00 oo

Fractional turnover per day
~
Serum levels

Total 5-11 &g/dL 95—190 ng/dL

(64—132 nmol/L)|(1.5-2.9 nmol/L)

Free 0.7-1.86 ng/dL.  |0.2-0.52 ng/dL
(9-24 Pl‘nol.-"L} (3—8 Pulol.-"L}
Amount bound 99.96% 99.6%

\ Biologic potency 1 4

Effects of Thyroid Hormones

» The thyroid hormones are responsible for optimal growth, development,
function, and maintenance of all body tissues.

» Excess or inadequate amounts result in the signs and symptoms of
thyrotoxicosis or hypothyroidism.

» Thyroid hormone is critical for nervous, skeletal, and reproductive tissues.
» TH effects depend on protein synthesis as well as potentiation of the
secretion and action of growth hormone. Thyroid deprivation in early life
results in irreversible mental retardation and dwarfism.

» Effects on growth and calorigenesis are accompanied by an influence on
metabolism of drugs as well as carbohydrates, fats, proteins.

» Many of the manifestations of thyroid hyperactivity resemble sympathetic

nervous system overactivity, although catecholamine levels are not increased.

> Possible explanations include increased numbers of receptors or enhanced
amplification of the receptor signal.
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Table 384, Mamfestations of Thyrotoxicosis and Hypothyroidism.

System Thyrotoxicosis Hypothy roidism
Skm and DA arm, monst skon; saccaline: beal Palecool _pully skan; dry and britle
appendages mtolerance; fine, thin hair; Plummer's |hair; brittle nails

nails; pretbial dermopathy (Graves'
discase)

Eyes, face

Retraction of upper hid with wide
stare; periorbital edemas

L‘onhthalmus; diploma (Graves'

disease)
e

Drooping of eyelids; periorbital edemas;
loss of wmporal aspects of eyebrows;
pully, nonpittmg facies: large Llongue

,L'ardluvasuular
sy stem

[~

Decreased penpheral vascular
resistance, increased heart rate, stroke
volume, cardiac output, pulse
pressure; high-output heart failure;
mmereased motropie and chronmotropie
effects: arthyvthouas: angma

Respratory
system

Castrointestmal
sy sLem

Central nervous
Sy s eI

Musculoske kel
system

Fenal system

Dyspnea: decreased vital capacity

Increased appetite ; increased
frequency of bowel movements;
bypoprotemenia

MNervousness: hyperkinesia; emotonal
lability
Weakness and muscle fatigue;
mcreased deep endon reflexes;
Mild polyuria; increased renal blood
flow; mereased glomerular filtration
Tale

—

Increased perpheral vascular resis tanul::‘
decreased hean rate, stroke volume,
cardiac output, pulse pressure; low-
output heart failure; ECG: bradycardia,
prolonged PR mmterval, Mat T wave, low
voltaze: pencardial effusion

Pleural effusions: hypoventilation and
0O retention

Decreased appetite; decreased frequency
of bowe | movements; ascites

Lethargy: genceral slowing of mental
rocesses: neuropathices

Suffness and muscle fatgue: decreased

deep tendon reflexes; increased alkaline

Imparred water excreton; decreased
renal blood low; decreased glomerular
filtra tion rate

—

fetabolic
system

Hematopoietic Increased eryvthropowesis; anermial Decreased ervihropoiesis; anernia’
Reproductive  |Menstrual iregulanties; decreased  |Hypermenorrhea; miertility; decreased
syslerm fertility; mcreased gonadal steroid libido; impotence; oligospermia;

mietabolism

Increased basal metabolic rate;
negative nitrogen balance;

deereased gonadal steroid metabolism

positive nitrogen balance; delayed

Decreased basal metabolic rate; slight

hyperglyeemia; mereased free fatly
acids; decreased cholesterol and
tnglyeendes; mereased hormone
degradation; increased requirements
for fat- and water-soluble vitamins;
ncreased drug metabolism

degradation of msulin, with mereased
sensitivily; increased cholesterol and
tnglyeendes; decreased hormone
degradation; decreased requirements for
fat- and water-soluble vitamins;
decreased drug metabolism y,

—
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Hypothyroidism

» Hypothyroidism is a syndrome resulting from deficiency of thyroid
hormones and is manifested largely by a reversible slowing down of all
body functions.

» In infants and children, there is retardation of growth and development
= dwarfism and irreversible mental retardation.

» The laboratory diagnosis of hypothyroidism in the adult is easily made
by the combination of a low free thyroxine and elevated serum TSH.

> Causes:

=Primary hypothyroidism is typically caused by Hashimoto’s
Disease (also known as chronic lymphocytic thyroiditis, causes
goiters due to the accumulation of lymphocytes), an auto-
immune disorder in which the thyroid is destroyed by antibodies.

=Impaired hypothalamus and pituitary function, can inhibit the
secretion of TSH, causing secondary hypothyroidism.

=A diet insufficient in iodine causes hypothyroidism as well.

» Presenting clinical manifestations

Hypothyroidism

Weight gain
Constipation
Fatigue

Irregular menstrual cycle in women
Edema

More common in females than males

Colloidal goiter

10/11/2021
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Management of Hypothyroidism

» Hypothyroidism caused by drugs, can be treated by simply removing the
depressant agent.

» The general strategy of replacement therapy is appropriate. The most
satisfactory preparation is levothyroxine.

» Infants and children require more T4 per kilogram of body weight than adults.
» Because of the long half-life of thyroxine, the dose can be given once daily.

» Serum TSH and free thyroxine should be measured at regular intervals and
maintained within the normal range.

» It takes 6—8 weeks after starting a given dose of thyroxine to reach steady
state levels in the bloodstream.

Special Problems in Management of Hypothyroidism
Myxedema and Coronary Artery Disease

» Myxedema is frequently occurs in older persons, it is often associated
with underlying coronary artery disease.

» Correction of myxedema must be done cautiously to avoid provoking
arrhythmia, angina, or acute myocardial infarction.

Myxedema Coma

» Myxedema coma is an end state of untreated hypothyroidism.

> It is associated with progressive weakness, hypothermia, hypoventilation,
hypoglycemia, hyponatremia, shock, and death.

» Management of myxedema coma is a medical emergency.

» The treatment of choice in myxedema coma is to give a loading dose of
levothyroxine intravenously.

10/11/2021
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Thyroid Preparations

» Synthetic (levothyroxine, liothyronine, liotrix):
=Synthetic levothyroxine is the preparation of choice for thyroid replacement
and suppression therapy because of:
o its stability, content uniformity, low cost,
o lack of allergenic foreign protein,
o easy laboratory measurement of serum levels,
o and long half-life (7 days), which permits once-daily administration.
o In addition, T4is converted to Tsintracellularly; thus, administration of
Taproduces both hormones.
= Synthetic liothyronine is three to four times more potent than levothyroxine,
it is not recommended for routine replacement therapy because of:
o its shorter half-life (24 hours), which requires multiple daily doses;
o its higher cost;
o the greater difficulty of monitoring its adequacy of replacement by
conventional laboratory tests.
o because of its greater hormone activity and consequent greater risk of
cardiotoxicity, T3should be avoided in patients with cardiac disease.
= Synthetic liotrix (mixture of thyroxine and liothyronine )

> or of animal origin (desiccated thyroid): is never justified.

Hyperthyroidism
(thyrotoxicosis)
» Is the clinical syndrome that results when tissues are exposed to high

levels of thyroid hormone.

» Causes:
=Grave'’s disease, and autoimmune disorder in which antibodies serve
as agonists to the TSH receptors on the thyroid’s surface, causing
thyroid growth and activation of hormone synthesis and secretion.

=Thyroid tumors which cause the uncontrolled synthesis and secretion
of thyroid hormones.

» T3, T4, will be elevated and TSH is suppressed.

10/11/2021
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Clinical Manifestations

Diarrhea

Increased appetite
Muscle weakness
Fatigue

Heart palpitations
Irritability
Nervousness
Sleep disturbances
Heat intolerance

Management of Hyperthyroidism

Antithyroid Agents

> Thioamides
> Anion Inhibitors
> lodides

Radioactive lodine

Thyroidectomy

Adjuncts to Antithyroid Therapy

10/11/2021
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Antithyroid Agents
> Thioamides

= Methimazole or propylthiouracil
= are major drugs for treatment of thyrotoxicosis.
= Methimazole is about ten times more potent than propylthiouracil.

= Propylthiouracil, giving the drug every 6-8 hours. Since a single dose of
methimazole exerts an antithyroid effect for longer than 24 hours.

= Both thioamides cross the placental barrier and are concentrated by the
fetal thyroid, = caution in pregnancy.

= Propylthiouracil is preferable in pregnancy because it crosses the placenta
less readily.

= Propylthiouracil is not secreted in sufficient quantity in breast milk to
preclude breast-feeding.

> Thioamides

Pharmacodynamics

= The thioamides act by multiple mechanisms:
o The major action is to prevent hormone synthesis by inhibiting the

thyroid peroxidase-catalyzed reactions and blocking iodine organification.

o they block coupling of the iodotyrosines.

o They do not block uptake of iodide by the gland.

o Propylthiouracil and (to a much lesser extent) methimazole inhibit the
peripheral deiodination of T4 and T3.

= Since the synthesis rather than the release of hormones is affected, the
onset of these agents is slow, often requiring 3—4 weeks before stores of T4
are depleted.

10/11/2021
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> Anion Inhibitors

» perchlorate (ClO4 —), and thiocyanate (SCN-):
= can block uptake of iodide by the gland through competitive
inhibition of the iodide transport mechanism.

» Since these effects can be overcome by large doses of iodides, their
effectiveness is somewhat unpredictable.

> lodides

> Today they are rarely used as sole therapy.
» lodides have several actions on the thyroid:

= They inhibit organification

= And inhibit hormone release

= and decrease the size and vascularity of the hyperplastic gland.
» Rapid improvement in thyrotoxic symptoms occurs within 2—7 days.

» Valuable as preoperative preparation for surgery.

» Chronic use of iodides in pregnancy should be avoided, since they cross
the placenta.

10/11/2021

15



Radioactive lodine

» 131l is the only isotope used for treatment of thyrotoxicosis.
» Administered orally in solution as sodium 131l.

> Its therapeutic effect depends on emission of rays with an effective
half-life of 5 days.

» Within a few weeks after administration, destruction of the thyroid
parenchyma is evidenced by epithelial swelling and necrosis, follicular
disruption, edema, and leukocyte infiltration.

» Advantages of radioiodine include easy administration, effectiveness,
low expense, and absence of pain.

» Should not be administered to pregnant women or nursing mothers,
since it crosses the placenta and is excreted in breast milk.

Thyroidectomy

» A near-total thyroidectomy is the treatment of choice for patients with very
large glands or multinodular goiters.

» Patients are treated with antithyroid drugs until euthyroid (about 6 weeks).
In addition, for 2 weeks prior to surgery, they receive saturated solution of
potassium iodide, to diminish vascularity of the gland and simplify surgery.

» About 80-90% of patients will require thyroid supplementation following
near-total thyroidectomy.

10/11/2021
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Thyroid and
Anti-Thyroid Drugs

Dr. Shadi HOMSI 11 Oct 2021

Anatomy and Physiology of the Thyroid Gland

*  Member of the Endocrine System

— Secretes thyroid hormones, thyroxine T4, triiodothyronine T3,
which regulate metabolism, growth, development, body

temperature, and energy levels.

And calcitonin which is important in the regulation of calcium

metabolism.
— Located in neck adjacent to the 5t cervical vertebra (C5).

— Butterfly shaped w/2 lobes connected by an isthmus
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Made up of 2 types of cells

— Follicle cells (simple cuboidal epithelium) make up the follicle & produce
a glycoprotein called thyroglobulin

* The lumen of the follicle contains thyroglobulin which attached lodine
molecules

* Thyroid hormone (TH) is produced from the iodinated thyroglobulin

— Parafollicular cells are interspersed b/t follicular epithelium
* Calcitonin is produced here (It acts to reduce blood calcium (CaZ*))
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Biosynthesis of Thyroid Hormones

Copyright © The McGraw-Hill Companies, Inc. Permission reguired for reproduction or display.
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Biosynthesis of Thyroid Hormones

= Thyroid peroxidase (TPO) catalyzes the conversion of iodide (I") to iodine
(1,) using H,0, as a cofactor.

= TPO then catalyzes the addition of iodine to the C-3 and C-5 position of a
tyrosine residue of thyroglobulin.

= Two iodinated thyrosine rings condense to form thyroxine, or T4, with
four iodine substituents.

=The ratio of T4 to T3 within thyroglobulin is approximately 5:1, so that
most of the hormone released is thyroxine.
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THYROID GLAND

Transport Thyroglobulin
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Biosynthesis of thyroid hormones. The sites of action of various drugs that interfere with thyroid
hormone biosynthesis are shown.
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Mechanism of action of thyroid hormones

Hydrophobic molecule transported in the bloodstream with a requisite
carrier protein, TBG. Albumin also serves as a TH carrier protein.

T4 dissociate from thyroxine binding globulin in plasma before entry into

the target cells.

In the cells, T4 is enzymatically deiodinated to T3 which enters nucleus
and attaches to specific receptors which promotes protein synthesis.

Topyright © The McGraw-HIll Companies, Inc. Permission required for reproguction or dispiay. |

Cytoplasm

|

Protein
- Binding synthesis
~ protein @, [
" T Thyroid
L hormoné
>—._____________response
Blood Target cell

the affinity of the receptor site for T4 is about ten times lower than that for T3.
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The primary metabolism of thyroxine is deiodination.

» Deiodination of T4 may occur by monodeiodination of outer ring
producing 3,5,3’- trilodothyronine - T3 ( T3 is 4 times more potent
than T4) by 5’-monodeiodinase.

» Deiodination of inner ring produce 3,3’,5’ — reverse triiodothyronine —
rT3 (inactive) by 5 monodeiodinase.

INACTIVATION

1 1
NH, -
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HO 0 CH,—CH ——— Decarboxylation
N Conjugation
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1

sulfate)
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Thyroid-Pituitary Relationships

» The hypothalamus in the brain secretes thyroid releasing hormone, TRH,
that target the pituitary gland which, in turn, secretes thyroid stimulating
hormone, TSH.

» The pituitary gland’s sensitivity toward TRH varies with the body’s need
for thyroid hormones.

» TSH is absorbed into the thyroid, stimulating the thyroid to absorb iodine
and synthesize hormones.

» Thyroid hormones provide negative feedback for TSH production via
a“homeostatic feedback loop.”
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Thyroid Hormones

Pharmacokinetics

Table 38—1. Summary of Thyroid Hormone Kinetics.

Variable T, Ts

Volume of distribution 10L 40 L
Extrathyroidal pool K00 oo

Fractional turnover per day
~
Serum levels

Total 5-11 &g/dL 95—190 ng/dL

(64—132 nmol/L)|(1.5-2.9 nmol/L)

Free 0.7-1.86 ng/dL.  |0.2-0.52 ng/dL
(9-24 Pl‘nol.-"L} (3—8 Pulol.-"L}
Amount bound 99.96% 99.6%

\ Biologic potency 1 4

Effects of Thyroid Hormones

» The thyroid hormones are responsible for optimal growth, development,
function, and maintenance of all body tissues.

» Excess or inadequate amounts result in the signs and symptoms of
thyrotoxicosis or hypothyroidism.

» Thyroid hormone is critical for nervous, skeletal, and reproductive tissues.
» TH effects depend on protein synthesis as well as potentiation of the
secretion and action of growth hormone. Thyroid deprivation in early life
results in irreversible mental retardation and dwarfism.

» Effects on growth and calorigenesis are accompanied by an influence on
metabolism of drugs as well as carbohydrates, fats, proteins.

» Many of the manifestations of thyroid hyperactivity resemble sympathetic

nervous system overactivity, although catecholamine levels are not increased.

> Possible explanations include increased numbers of receptors or enhanced
amplification of the receptor signal.
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Table 384, Mamfestations of Thyrotoxicosis and Hypothyroidism.

System Thyrotoxicosis Hypothy roidism
Skm and DA arm, monst skon; saccaline: beal Palecool _pully skan; dry and britle
appendages mtolerance; fine, thin hair; Plummer's |hair; brittle nails

nails; pretbial dermopathy (Graves'
discase)

Eyes, face

Retraction of upper hid with wide
stare; periorbital edemas

L‘onhthalmus; diploma (Graves'

disease)
e

Drooping of eyelids; periorbital edemas;
loss of wmporal aspects of eyebrows;
pully, nonpittmg facies: large Llongue

,L'ardluvasuular
sy stem

[~

Decreased penpheral vascular
resistance, increased heart rate, stroke
volume, cardiac output, pulse
pressure; high-output heart failure;
mmereased motropie and chronmotropie
effects: arthyvthouas: angma

Respratory
system

Castrointestmal
sy sLem

Central nervous
Sy s eI

Musculoske kel
system

Fenal system

Dyspnea: decreased vital capacity

Increased appetite ; increased
frequency of bowel movements;
bypoprotemenia

MNervousness: hyperkinesia; emotonal
lability
Weakness and muscle fatigue;
mcreased deep endon reflexes;
Mild polyuria; increased renal blood
flow; mereased glomerular filtration
Tale

—

Increased perpheral vascular resis tanul::‘
decreased hean rate, stroke volume,
cardiac output, pulse pressure; low-
output heart failure; ECG: bradycardia,
prolonged PR mmterval, Mat T wave, low
voltaze: pencardial effusion

Pleural effusions: hypoventilation and
0O retention

Decreased appetite; decreased frequency
of bowe | movements; ascites

Lethargy: genceral slowing of mental
rocesses: neuropathices

Suffness and muscle fatgue: decreased

deep tendon reflexes; increased alkaline

Imparred water excreton; decreased
renal blood low; decreased glomerular
filtra tion rate

—

fetabolic
system

Hematopoietic Increased eryvthropowesis; anermial Decreased ervihropoiesis; anernia’
Reproductive  |Menstrual iregulanties; decreased  |Hypermenorrhea; miertility; decreased
syslerm fertility; mcreased gonadal steroid libido; impotence; oligospermia;

mietabolism

Increased basal metabolic rate;
negative nitrogen balance;

deereased gonadal steroid metabolism

positive nitrogen balance; delayed

Decreased basal metabolic rate; slight

hyperglyeemia; mereased free fatly
acids; decreased cholesterol and
tnglyeendes; mereased hormone
degradation; increased requirements
for fat- and water-soluble vitamins;
ncreased drug metabolism

degradation of msulin, with mereased
sensitivily; increased cholesterol and
tnglyeendes; decreased hormone
degradation; decreased requirements for
fat- and water-soluble vitamins;
decreased drug metabolism y,

—
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Hypothyroidism

» Hypothyroidism is a syndrome resulting from deficiency of thyroid
hormones and is manifested largely by a reversible slowing down of all
body functions.

» In infants and children, there is retardation of growth and development
= dwarfism and irreversible mental retardation.

» The laboratory diagnosis of hypothyroidism in the adult is easily made
by the combination of a low free thyroxine and elevated serum TSH.

> Causes:

=Primary hypothyroidism is typically caused by Hashimoto’s
Disease (also known as chronic lymphocytic thyroiditis, causes
goiters due to the accumulation of lymphocytes), an auto-
immune disorder in which the thyroid is destroyed by antibodies.

=Impaired hypothalamus and pituitary function, can inhibit the
secretion of TSH, causing secondary hypothyroidism.

=A diet insufficient in iodine causes hypothyroidism as well.

» Presenting clinical manifestations

Hypothyroidism

Weight gain
Constipation
Fatigue

Irregular menstrual cycle in women
Edema

More common in females than males

Colloidal goiter
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Management of Hypothyroidism

» Hypothyroidism caused by drugs, can be treated by simply removing the
depressant agent.

» The general strategy of replacement therapy is appropriate. The most
satisfactory preparation is levothyroxine.

» Infants and children require more T4 per kilogram of body weight than adults.
» Because of the long half-life of thyroxine, the dose can be given once daily.

» Serum TSH and free thyroxine should be measured at regular intervals and
maintained within the normal range.

» It takes 6—8 weeks after starting a given dose of thyroxine to reach steady
state levels in the bloodstream.

Special Problems in Management of Hypothyroidism
Myxedema and Coronary Artery Disease

» Myxedema is frequently occurs in older persons, it is often associated
with underlying coronary artery disease.

» Correction of myxedema must be done cautiously to avoid provoking
arrhythmia, angina, or acute myocardial infarction.

Myxedema Coma

» Myxedema coma is an end state of untreated hypothyroidism.

> It is associated with progressive weakness, hypothermia, hypoventilation,
hypoglycemia, hyponatremia, shock, and death.

» Management of myxedema coma is a medical emergency.

» The treatment of choice in myxedema coma is to give a loading dose of
levothyroxine intravenously.

10/11/2021
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Thyroid Preparations

» Synthetic (levothyroxine, liothyronine, liotrix):
=Synthetic levothyroxine is the preparation of choice for thyroid replacement
and suppression therapy because of:
o its stability, content uniformity, low cost,
o lack of allergenic foreign protein,
o easy laboratory measurement of serum levels,
o and long half-life (7 days), which permits once-daily administration.
o In addition, T4is converted to Tsintracellularly; thus, administration of
Taproduces both hormones.
= Synthetic liothyronine is three to four times more potent than levothyroxine,
it is not recommended for routine replacement therapy because of:
o its shorter half-life (24 hours), which requires multiple daily doses;
o its higher cost;
o the greater difficulty of monitoring its adequacy of replacement by
conventional laboratory tests.
o because of its greater hormone activity and consequent greater risk of
cardiotoxicity, T3should be avoided in patients with cardiac disease.
= Synthetic liotrix (mixture of thyroxine and liothyronine )

> or of animal origin (desiccated thyroid): is never justified.

Hyperthyroidism
(thyrotoxicosis)
» Is the clinical syndrome that results when tissues are exposed to high

levels of thyroid hormone.

» Causes:
=Grave'’s disease, and autoimmune disorder in which antibodies serve
as agonists to the TSH receptors on the thyroid’s surface, causing
thyroid growth and activation of hormone synthesis and secretion.

=Thyroid tumors which cause the uncontrolled synthesis and secretion
of thyroid hormones.

» T3, T4, will be elevated and TSH is suppressed.

10/11/2021

12



Clinical Manifestations

Diarrhea

Increased appetite
Muscle weakness
Fatigue

Heart palpitations
Irritability
Nervousness
Sleep disturbances
Heat intolerance

Management of Hyperthyroidism

Antithyroid Agents

> Thioamides
> Anion Inhibitors
> lodides

Radioactive lodine

Thyroidectomy

Adjuncts to Antithyroid Therapy

10/11/2021
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Antithyroid Agents
> Thioamides

= Methimazole or propylthiouracil
= are major drugs for treatment of thyrotoxicosis.
= Methimazole is about ten times more potent than propylthiouracil.

= Propylthiouracil, giving the drug every 6-8 hours. Since a single dose of
methimazole exerts an antithyroid effect for longer than 24 hours.

= Both thioamides cross the placental barrier and are concentrated by the
fetal thyroid, = caution in pregnancy.

= Propylthiouracil is preferable in pregnancy because it crosses the placenta
less readily.

= Propylthiouracil is not secreted in sufficient quantity in breast milk to
preclude breast-feeding.

> Thioamides

Pharmacodynamics

= The thioamides act by multiple mechanisms:
o The major action is to prevent hormone synthesis by inhibiting the

thyroid peroxidase-catalyzed reactions and blocking iodine organification.

o they block coupling of the iodotyrosines.

o They do not block uptake of iodide by the gland.

o Propylthiouracil and (to a much lesser extent) methimazole inhibit the
peripheral deiodination of T4 and T3.

= Since the synthesis rather than the release of hormones is affected, the
onset of these agents is slow, often requiring 3—4 weeks before stores of T4
are depleted.

10/11/2021
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> Anion Inhibitors

» perchlorate (ClO4 —), and thiocyanate (SCN-):
= can block uptake of iodide by the gland through competitive
inhibition of the iodide transport mechanism.

» Since these effects can be overcome by large doses of iodides, their
effectiveness is somewhat unpredictable.

> lodides

> Today they are rarely used as sole therapy.
» lodides have several actions on the thyroid:

= They inhibit organification

= And inhibit hormone release

= and decrease the size and vascularity of the hyperplastic gland.
» Rapid improvement in thyrotoxic symptoms occurs within 2—7 days.

» Valuable as preoperative preparation for surgery.

» Chronic use of iodides in pregnancy should be avoided, since they cross
the placenta.

10/11/2021
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Radioactive lodine

» 131l is the only isotope used for treatment of thyrotoxicosis.
» Administered orally in solution as sodium 131l.

> Its therapeutic effect depends on emission of rays with an effective
half-life of 5 days.

» Within a few weeks after administration, destruction of the thyroid
parenchyma is evidenced by epithelial swelling and necrosis, follicular
disruption, edema, and leukocyte infiltration.

» Advantages of radioiodine include easy administration, effectiveness,
low expense, and absence of pain.

» Should not be administered to pregnant women or nursing mothers,
since it crosses the placenta and is excreted in breast milk.

Thyroidectomy

» A near-total thyroidectomy is the treatment of choice for patients with very
large glands or multinodular goiters.

» Patients are treated with antithyroid drugs until euthyroid (about 6 weeks).
In addition, for 2 weeks prior to surgery, they receive saturated solution of
potassium iodide, to diminish vascularity of the gland and simplify surgery.

» About 80-90% of patients will require thyroid supplementation following
near-total thyroidectomy.

10/11/2021
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Adjuncts to Antithyroid Therapy

» During the acute phase of thyrotoxicosis, beta-adrenoceptor-blocking
agents without intrinsic sympathomimetic activity are extremely helpful.
Propranolol will control tachycardia, hypertension, and atrial fibrillation.

Propranolol is gradually withdrawn as serum thyroxine levels return to normal.

» Diltiazem, can be used to control tachycardia in patients in whom beta-
blockers are contraindicated, eg, those with asthma. Other calcium channel
blockers may not be as effective as diltiazem.

» Barbiturates accelerate T4 breakdown (by hepatic enzyme induction) and
may be helpful both as sedatives and to lower T4 levels.

10/11/2021
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Adjuncts to Antithyroid Therapy

» During the acute phase of thyrotoxicosis, beta-adrenoceptor-blocking
agents without intrinsic sympathomimetic activity are extremely helpful.
Propranolol will control tachycardia, hypertension, and atrial fibrillation.

Propranolol is gradually withdrawn as serum thyroxine levels return to normal.

» Diltiazem, can be used to control tachycardia in patients in whom beta-
blockers are contraindicated, eg, those with asthma. Other calcium channel
blockers may not be as effective as diltiazem.

» Barbiturates accelerate T4 breakdown (by hepatic enzyme induction) and
may be helpful both as sedatives and to lower T4 levels.
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