


As mentioned in the previous chapter, the ANS is made the sympathetic nervous system
(which acts mainly through noradrenaline “norepinephrine”; NE) & the parasympathetic
nervous system (which acts mainly through acetylcholine; Ach). NE passes by all steps
Similar to Ach with one exception: its actions are terminated mainly by re-uptake rather
than metabolism.

© Synthesis: NE is a catecholamine i.e. it contains an amino group and a catechol ring
(di-hydroxylated benzene ring). A third hydroxyl group is present in the side chain.
Adrenaline “Epinephrine”; Ep (which is released from the adrenal medulla) has an
additional methyl group attached to the nitrogen atom.
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Synthesis of NE occurs from phenylalanine through 2 types of reactions:

1. Hydroxylation occurs 3 times; one outside the nerve to convert phenylalanine to
tyrosine and 2 inside the nerve to convert tyrosine into DOPA and dopamine into
NE.

Drugs which inhibit the 2" hydroxylation reaction (rate-limiting step in NE synthesis)
e.g. a-methyltyrosine (Metyrosine) can completely inhibit all catecholamines
(dopamine, norepinephrine and epinephrine) synthesis. Metyrosine is useful in
phaeochromocytoma where there is marked increase in synthesis of catecholamines.

2. Decarboxylation occurs after the second hydroxylation to convert DOPA into
dopamine.

Decarboxylation can be inhibited by DOPA analogues e.g. a-methyl dopa which is
used in treatment of hypertension in pregnancy. It is also inhibited by carbidopa and
benserazide which are used as adjuvants in treatment of Parkinsonism.
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In the adrenal medulla, NE is further converted to Ep through N-methylation by the
enzyme N-methyltransferase. This step is stimulated by corticosteroids.



@® Storage: All monamines (Dopamine, NE, Ep, Serotonin) are stored in similar vesicles.

Drugs which disrupt the storage vesicles e.g. Reserpine deplete NE stores as well as
dopamine & serotonin. This induces depression.

© Release: by binding of the storage vesicles to the presynaptic membrane.

Adrenergic neuronal blockers inhibit vesicular NE release while indirectly acting
sympathomimetic drugs stimulate the release by displacement of NE from the vesicles
near to the nerve terminals to be released outside the nerve.

NE release is under central (Nucleus of Tractus Solitarius; “NTS”) and peripheral
(presynaptic neurones) control:

e a2 inhibitory receptors (dominant): They guard against excessive dangerous NE
release that may lead to severe hypertension.

Centrally acting sympatholytic clonidine, inhibit NE release through stimulation
of central o, receptors. On the other hand, drugs which block o receptors, e.g.,
Mianserin, are used to increase NE level during treatment of depression.

e [ facilitatory receptors (weak):
Inhibition of NE release by [3-blockers participates to their antihypertensive action.

$3 central on NTS o o
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® Uptake: Unlike Ach, uptake has a major role in termination of NE actions. It occurs
at 3 sites: Uptake I ! occurs to the nerve ending & is followed by either metabolism
or uptake 111 to the storage vesicle (for re-use) while uptake Il occurs to the target

organs for metabolism.
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! Drugs which interfere with uptake I in the brain are used to increase NE level during treatment of depression e.g. Tricyclic antidepressants.

Cocaine & amphetamine also interfere with uptake I of NE but they are not used in treatment of depression because of addiction liability.
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© Metabolism occurs mainly through oxidation by monoamine oxidase enzyme
(MAO) 2 & to a less extent by methylation by catechol-O-methyl transferase
(COMT) 3. Metabolism results in formation of vanilyl mandelic acid (VMA),
metanephrine & normetnephrine which are excreted in urine. Estimation VMA in
urine is useful in the diagnosis of phaeochromocytoma.
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® Pharmacological Actions: Epinephrine & Norepinephrine act through 2 main groups
of receptors that belong to the G-protein family of receptors:

1. The a- adrenoceptors 2. The - adrenoceptors

They are further subdivided into subgroups named numerically; the most
significant subgroups are:

a. ou-receptors: are present mainly in the smooth muscles (excitatory?)
b. ao-receptors: are present mainly in neuronal sites (inhibitory)

C. Pi-receptors: are present mainly in cardiac muscles (excitatory).

d

. Po-receptors: are present mainly in smooth muscles (inhibitory) and to a
lesser extent in the cardiac & skeletal muscles (excitatory).

e. Ps-receptors: are present mainly in fat cells (excitatory) & bladder neck
smooth muscles (inhibitory).

The adrenoceptors are also involved in some metabolic actions as glycogenolysis (Be-
adrenoceptors), lipolysis (Bs-adrenoceptors), salt & water retention through renin
secretion (Pi-adrenoceptors). Additional less significant actions include inhibition of
insulin secretion (o-adrenoceptors), hepatic potassium uptake (2-adrenoceptors).

2 MAO inhibitors especially Selective MAOA inhibitors are used in depression to increase the monoamines in CNS. Selective MAOB inhibitors
are used as adjuvants in Parkinsonism to increase dopamine in CNS

3 COMT inhibitors are used as adjuvants in Parkinsonism to increase dopamine in CNS.

4 Some smooth muscles do not contain as-receptors e.g. bronchial smooth muscles
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Sympathomimetic drugs

Sympathomimetic drugs are classified according to their selectivity into:
1) Selective sympathomimetics; these are further subclassified into:

a. Selective ai-agonists e.g. Phenylephrine & Midodrine

b. Selective a-agonists e.g., Brimonidine, Xylometazoline (Otrivin)
c. Selective pi-agonists e.g. Dobutamine
d

. Selective P2-agonists e.g. bronchodilators as Salbutamol (Ventolin), the
tocolytic Ritodrine and the vasodilator Isoxsuprine

e. Selective fz-agonists e.g. Mirabegron
2) Non-selective sympathomimetics; these are further subclassified into:
a. Direct acting e.g. Epinephrine, Dopamine, Norepinephrine, Isoprenaline
b. Indirect acting e.g. Amphetamines, Tyramine
c. Mixed-acting OR Dual-acting e.g. Ephedrine, Pseudoephedrine

Selective Sympathomimetic drugs

1. Selective aii-agonists

Indications

1. To induce smooth muscles contraction:
a. Vasoconstriction e.g.
i. Spinal shock®
ii. Orthostatic & postprandial hypotension ©
iii. Nasal decongestants e.g. common cold, Eustachian tube obstruction’
iv. Eye decongestants e.g. spring catarrh
v. Local treatment of haemorrhoids

b. Mydriasis e.g. fundal examination: they are preferred to atropine
substitutes since they do not induce cycloplegia

2. To induce reflex vagal stimulation e.g.

PSVT: Paroxysmal supraventricular tachycardia if it is associated with
marked hypotension; phenylephrine can correct both T HR & {ABP.

5 Spinal shock occurs during spinal anesthesia Ephedrine is preferred as it stimulates NE release from the anesthetized nerves.

6 Midodrine is preferred because 1) It can be given orally; 2) It is a prodrug that is activated to de-glymidodrine (this minimizes direct
vasoconstriction of the GI tract which decreases oral absorption).

7 Drugs with imidazole ring e.g. Naphazoline possess additional o-agonistic action. It is preferred as local nasal decongestant since it is
more potent vasoconstrictor while pseudoephedrine is preferred as systemic decongestant since it has longer duration of action.
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Adverse effects:
1. Hypertension & bradycardia can occur even with local application.
2. Rebound nasal congestion & atrophic rhinitis occur only with local application.

2. Selective ar-agonists®

Mechanism of action

These drugs induce vasoconstriction when applied locally by selectively stimulating
vascular o-adrenoceptors (if used in low doses) and non-selectively stimulating both
o2 & a-adrenoceptors (if used in large dose).

Indications
1. Nasal decongestant ° (Xylometazoline)

2. Simple glaucoma (Brimonidine)*

| 3. Selective Bi-agonists |

Indications:

Dobutamine is used for short-term management of cardiac de-compensation e.g.
acute heart failure, massive myocardial infarction, open heart surgery..... It is given
by IV infusion because it is short acting. It is administered only in ICU since the dose
should be carefully titrated because excessive doses may lead to marked cardiac
stimulation.

Adverse effects

Palpitation, Anginal pains, Arrhythmia

| 4. Selective B.-agonists |

Indications

These drugs are used to induce smooth muscle relaxation e.g.
1. Bronchodilatation in bronchial asthma,
2. Vasodilatation in peripheral vascular diseases
3. Uterine relaxation in gynecology e.g. premature labour, contraction ring.
1. Common adverse effects include fine tremors, throbbing headache & palpitation.
2. Rarely, they may lead to hyperglycaemia, hypokalaemia, and hypoxia.

3. Problem with response e.g. tolerance on prolonged use or locked lung syndrome
(mucosal oedema).

8 Selective a.-agonists act as sympathomimetics if applied locally but as sympatholytics if applied systemically since they act on the .-
receptors in the NTS to inhibit NE release.

° In hypertensive patients, they are preferred to selective ai-agonists since in large dose they act centrally to inhibit NE release (similar to
clonidine) -> partly antagonizes the hypertensive effect induced by the systemic vasoconstriction.

10 They do not induce mydriasis as non-selective or selective o agonists.
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| 5. Selective ps-agonists |

Indications

Mirabegrone is introduced for hyperactive bladder.

Adverse effects

Common side effects include T ABP, headaches, and urinary tract infections.
Other significant side effects include urinary retention, arrhythmia, & angioedema.

Non-selective Sympathomimetic drugs

| 1. Epinephrine or adrenaline |
s gnEEe) o[ )S  Epinephrine stimulates all types of adrenergic receptors.

Heart: Cardiac stimulation
1. Positive chronotropic effect (T heart rate by stimulating SAN)
2. Positive dromotropic effect (T AVN & prukinjie fibres conductivity)
3. Positive inotropic effect (T myocardial contractility)
4. In large dose it is arrythmogenic
Blood vessels:
1. Vasodilatation of skeletal & coronary BV
(Since they contain predominantly [, receptors)
2. Vasoconstriction of cutaneous & visceral BV
(Since they contain predominantly o receptors)
Hemodynamic effect (the effect on ABP):

Epinephrine affects ABP by a dual mechanism: a dominant hypertensive effect
through oy & Bu receptors (—»T ABP) & a weak hypotensive effect through B,
receptors (—{ ABP). At usual therapeutic doses, the hypertensive effect masks the
hypotensive one. a-receptor blockade — weakens the hypertensive effect so that the
hypotensive effect dominates, i.e. epinephrine administration after an a-blocker —
hypotension instead of hypertension (Epinephrine reversal: see practical).

After o-blockade

Before a-blockade J\—\f—

k/\/



Other Smooth muscles:
1. Dilator pupillae muscle of the iris: Active mydriasis without cycloplegia
(Since they contain only o receptors)
2. Bronchial: Bronchodilatation (Since they contain only [, receptors)
3. Pregnant uterus: Relaxation after the 20th week
(Since the pregnant uterus after the 20" week contains mainly B receptors)
4. GIT: Relaxation of wall of the Gl tract
(Through muscular 3, receptors and vagal presynaptic inhibitory o, receptors)
5. Sphincters: Contract the urinary & GIT sphincters
(Since they contain only o receptors)
Metabolic actions:

1. Glycogenolysis with subsequent release of glucose from the liver (mainly
mediated by Br-adrenoceptors).

2. Lipolysis with subsequent release of fatty acid from the adipose tissue (mainly
mediated by Ps-receptors.

3. Sodium & Potassium homeostasis: pi-adrenoceptors stimulates renin
secretion with subsequent Na* retention & K™ excretion. B,-adrenoceptors
further lowers K*-level by stimulating its hepatic uptake.

Skeletal muscles: Tremors: through stimulation of B,-adrenoceptors & possibly central

Indications:

1. Epinephrine is lifesaving in anaphylactic shock

2. Itis commonly added to local anaesthetics to prolong their duration of action &
decrease systemic toxicity.

3. It may be used in cardiac arrest.

1 Epinephrine is the drug of choice for anaphylaxis because it can reverse associated hypotension and bronchospasm..
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4. It may be used as local haemostatic.
5. It may be used in simple glaucoma®?
6. Itis rarely used in bronchial asthma?®?

Drainage Canals

Fluid Flow

Simple
Lens
Iris

Fluid Flow

Cornea

Drainage Canals Wallinflamed
and thickened

Administration

1. SC administration is the most favorable & safe route.

2. 1V:in case of arrest or severe anaphylaxis

3. Inhalation: in bronchial asthma.

4. Topical application of 1/100 conc. may be used in bleeding states.

Adverse effects

1. Due to a-adrenoceptor stimulation: VVasospasm -
hypertension, pallor up to tissue gangrene!

2. Due to B-adrenoceptor stimulation: palpitation,
angina, arrhythmia

3. Due to CNS effects: Anxiety

Absolute contraindications

1. Ischemic heart disease — precipitates acute myocardial infarction
2. Hypertension or with B-blockers: — precipitates stroke

3. With local anaesthesia in fingers, toes, penis —> precipitates
gangrene since they are supplied with single blood vessel

12 Dipivefrin (Propine) is pro-epinephrine which can penetrate the anterior chamber & is used in preference to epinephrine

131t is useful in locked lung syndrome 2™ to overuse of a B-agonist where it acts as mucosal decongestant by its a-action & as

bronchodilator by its B2 action.

4 Treatment of acute epinephrine toxicity: chlorpromazine (a-blocker) + sodium nitroprusside (direct vasodilator) + acidify the urine (to T
elimination of catecholamines).
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\ 2. Norepinephrine or noradrenaline (Levophed)

It differs from epinephrine in that it lacks action on the P.-adrenoceptors so, o.-
adrenoceptors action dominates - marked vasoconstriction - severe hypertension or
tissue gangrene. The heart rate usually decreases due to reflex vagal stimulation induced
by the marked rise of ABP.

Epinephrine - p, =  [[EICCTEFTITIER

Unopposed a-adrenoceptors stimulation
- marked vasoconstriction .

[ovophed”
» Severe hypertension | E’ﬂ

» Tissue gangrene ! = "

It may be helpful in some types of shock e.g. shock after resection of
phaeochromocytoma. It may also be added to dental local anaesthetics if bloodless field
Is required during the operation.

\ 3. Isoprenaline or isoproterenol (Isuprel)

It differs from epinephrine in that it lacks action on the a-adrenoceptors so, the .-
adrenoceptors-induced smooth muscle relaxation predominate = vasodilatation that
leads to hypotension. The heart rate is markedly increased due to reflex sympathetic
stimulation which is induced by the decrease of ABP as well as by the direct cardiac
stimulant action. This may precipitate anginal attacks or sudden cardiac deaths.

Epinephrine-a =

Unopposed Bz—adrenoceptors stsmulatlon
- vasodilatation

» Hypotension

Reflex sympath stimulation> adds to B,-cardiac stimulation '

It may be helpful in bradycardia 2" to heart block.
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4. Dopamine 5. Dobutamine

Natural catecholamine Synthetic catecholamine
Can be converted to NE No
At low conc. (D:-agonist): No

e VVasodilator of renal BV
e Headache, nausea, vomiting

At moderate conc. (B1-agonist): Similar pi-agonist but
e Cardiac stimulation (+ve inotropic & chronotropic) | ® More +ve inotropic
e Anginal pain & Arrhythmia e Less arrhythmogenic
At high conc. (az-agonist): No

e \/asoconstriction

e Hypertension, gangrene

Used mainly in severe acute or refractory chronic heart failure e.g. after cardiac
surgery or acute myocardial infarction

Used in shock with renal impairment No

Give in ICU by IV infusion starting at low dose and titrate gradually to a
maximum dose

Dopamine is a 2" line inotrope & vasopressor. It may be preferred in presence of
hypotension or renal impairment.

6. Indirect-& dual-acting sympathomimetic drugs |

Mechanism of action:

Mild Ariorexiqenic Anorexigenic
A4
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General features:

1. They act mainly by releasing NE; once NE stores are depleted; tolerance &
tachyphylaxis occur.

2. They are non-catecholamines; >
a. They are not destroyed by MAO in the GIT - can be given orally
b. They are not metabolized by neuronal MAO - longer duration of action
c. Can penetrate the BBB = Act on the CNS

3. They can lead to drug interactions with

a. MAOIs: serious hypertensive crisis (cheese reaction **) may occur since the
nerve endings of patients treated with MAOISs are studded with NE.

b. Reserpine: they lose their action since reserpinized nerves do not contain NE.

S,

Normal nerve ending Nerve endingunder Nerve ending under
MAOIs treatment. reserpine treatment.

Amphetamine

It acts mainly by stimulating NE release of & to a lesser extent by inhibiting its
uptake by adrenergic neurones both peripherally ( = sympathomimetic effect) as
well as centrally ( > CNS effects).

The useful CNS actions include: ©@Strong CNS stimulation @ Strong anorexia
e CNS Stimulants congeners for narcolepsy® / ADHD 7 e.g.
Methylphenidate & Atomoxetine!®

15> Tyramine is a decarboxylation product of tyrosine that can act as indirect-acting sympathomimetic. It is present in many foods e.g. old
cheese,, salted fish, banana, ... Eating these foods can lead to hypertensive crisis (Cheese reaction) in patients treated with MAOIs.

6 They are very effective. It is usual to initiate therapy with immediate release formulations and then introduce sustained release
formulations once a stable daily dose has been reached.
17 Attention Deficit Hyperkinetic Disorders of Childhood

18 It is a NE reuptake inhibitor that does not induce addiction.
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e Anorexigenic congeners for short term treatment of obesity e.g. Phenterminet®
Adverse Effects:

1. Marked CNS stimulation — hallucination, psychosis, convulsions &
dependence on prolonged use 2°

2. Marked Anorexia
3. Marked CVS stimulation — palpitation, arrhythmia, hypertension 2
Ephedrine

It acts both by release of NE (similar to amphetamine but are much less potent) with
some direct action on the receptors (i.e. similar to epinephrine but are also much less
potent). Central CNS stimulation & anorexia are mild compared to amphetamine.

Uses:
1. Topical ephedrine argyrol is commonly used in epistaxis

2. IMI ephedrine can be used in spinal shock to stimulate NE release from the
sympathetic nerves.

e Sympathomimetic congener: Pseudoephedrine
It is a famous ingredient in many oral nasal decongestant preparations??

Adverse Effects
1. Minimal CNS stimulation — Insomnia, anxiety 23
2. Minimal CVS stimulation — palpitation, hypertension
3. Urinary retention

19 FDA approved drugs for short-term treatment of obesity are phentermine and diethylpropion. Their addiction potential is less than

benzphetamine & phendimetrazine.
20 Although amphetamine is a drug of abuse; it does not lead to dependence in narcolepsy nor ADHD of childhood for unexplained reasons.
21 Some anorexigens were reported to induce primary pulmonary hypertension & valvular heart diseases.

2 pseudoephedrine is preferred to phenylephrine whose absorption is unpredictable. Many oral OTC medications contain pseudoephedrine
since it has the least CNS effects.

23 paradoxically ephedrine may induce sleepiness in children!!
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Summary for the Clinical Uses of Sympathomimetic drugs

Drugs which stimulate a-receptors

Anaesthetic adjuvant

Haemostatics

e.g. Ep & NE to prolong the duration of local anaesthesia e.g. ephedrine argyrol in Epistaxis

Systemic nasal decongestant (e.g. oral preparations containing pseudoephedrine in allergic

rhinitis & common cold

Topical nasal decongestant (e.g. naphazoline nasal drops for Eustachian tube obstruction)

For ophthalmic vasoconstriction As Mydriatic
e.g. Phenylephrine in allergy & o o
Dipiverin/ apraclonidine in simple glaucoma e.g. phenylephrine in fundus examination

Phenylephrine In PS

e.g. Midodrine in chronic orthostatic hypotension &

Vasopressors

VT (to induce reflex vagal stimulation)
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Drugs which stimulate B:1 —receptors

To correct bradyarrhythmia As inotropics
e.g. EP in cardiac arrest & e.g. dopamine, dobutamine in Cardiogenic shock
isoprenaline in heart block

Drugs which stimulate B> —receptors

Bronchodilators
e.g. salbutamol in bronchial asthma

Tocolytics
e.g. ritodrine in premature labor, contraction ring

Vasodilators
e.g. isoxsuprine in peripheral vascular diseases

Drugs which stimulate Bs —receptors Mirabegron for Hyperactive bladder
Drugs which act on CNS

CNS stimulants Appetite suppressants
e.g. Methylphenidate in Narcolepsy & e.g. phentermine and
ADHD. Atomoxetine is alternative in ADHD diethylpropion
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Drugs which block the sympathetic actions

1. Drugs acting by inhibiting synthesis: a-methyl tyrosine
2. Drugs acting by inhibiting storage: Adrenergic Neuronal Blockers e.g. Reserpine

3. Drugs acting mainly by inhibiting release: Centrally acting Adrenergic Blockers
e.g. Clonidine & a-methyl dopa

4. Drugs act mainly by blocking the receptors:
a. Alpha blockers b. Beta blockers

ADRENERGIC BLOCKERS .

A)  Adrenergic Neuronal Blockers
Reserpine
Mechanism of action:
Disrupts monoamines storage vesicles -
¢ Slow intra-neuronal release of monoamines to be destroyed by MAO
¢ Interferes with further monoamines storage
This:

e Prevents peripheral NE & Ep release (from sympathetic nerve endings & adrenal
medulla)

Depleted monoamines

e Prevents central NE, Ep, dopamine (DA) & serotonin (5-HT) release (in CNS)

Depleted monoamings

Indications %
Psychosis, especially if there is tardive dyskinesia.

2 1t is no longer preferred in hypertension for fear of serious long-term effects
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Adverse Effects

Central Adverse Effects
Central NE depletion Sedation, Depression, Suicidal tendency

Central dopamine depletion: Extrapyramidal syndrome, Gynecomastia,
Galactorrhoea, May breast adenoma

Central serotonin depletion: Nightmares

Peripheral Adverse Effects

2% to 4 NE release from sympathetic nerves

Sexual dysfunction, Nasal congestion, Postural hypotension

2" to parasympathetic Predominance

Bradycardia, Diarrhoea, Aggravate peptic ulcer

2" to compensatory changes to counteract the hypotensive effect

Salt & water retention, Pseudo-tolerance, Weight gain

B) Centrally acting Adrenergic Blockers

a-methyl dopa (Aldomet)

Clonidine

Mechanism of action:

1) Inhibits L-aromatic amino acid decrboxylase

enzyme -2 inhibits NE, DA, 5-HT synthesis

2) Converted to a-methyl NE which acts similar

to clonidine

Inhibits NE release 2" to
stimulation of a2 receptors

1) postsynaptic in NTS
2) presynaptic on nerve endings

The effect on the sympathetic nervous system

NTS € o-mME

Trapped false neurctrarsmitter

NTS & Clonidine

& Clonidine

v
Trapped ME

The effect on the CNS neurons

Trapped false neurctrarsmitker

Trapped HE
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Indications:

Of choice in Hypertension during pregnancy: May be used in hypertensive
250 mg 2-3 times/day orally urgencies: (Immediate release
0.1 mg rally) ®

Adverse Effects

Central Adverse effects

Similar to reserpine; however, it was not reported Sedation
to increase suicide tendency nor to induce breast
neoplasm

Peripheral Adverse effects

Similar to reserpine; however, it was not reported | Sexual dysfunction, Bradycardia

to aggravate peptic ulcers Salt & water retention,

Weight gain

Other adverse effects

Autoimmune effects e.g. haemolytic anaemia, | Withdrawal syndrome: clonidine
hepatitis & SLE rebound 28

25 Other potential indications for clonidine (Extended release) include ADHD, Pre-anaesthetic medication, Opiate withdrawal, Neuropathic pain

% Tt is hypertensive crisis on withdrawal. It is due to massive release of NE to act on up-regulated adrenergic receptors; so gradual withdrawal
is advised. If crisis occurs reinstitute clonidine treatment or give an « blocker followed by a - blocker.
18



o -ADRENERGIC RECEPTORS BLOCKERS
a-nonselective blockers as-selective blockers

Phenoxybenzamine Prazosin
Phentolamine Tamsulosin: aga-selective
Mechanism of action

Phenoxybenzamine: irreversible a-blocker | Reversible competitive au-blocker
due to covalent binding with the receptors 2’

Phentolamine: reversible o -blockade +
direct vasodilator action

Pharmacological actions:

1. Arteriodilatation with subsequent

Decrease in ABP; this is more pronounced on standing (orthostatic) due to block
of a-mediated compensatory venoconstriction which returns the blood from the
lower limbs to the heart. COP is T 27 to decrease in the peripheral resistance

2. Relaxation of the bladder neck - helps urination

3. Marked tachycardia due to reflex | 3. Minimal tachycardia since reflex
sympathetic stimulation — excessive NE | sympathetic stimulation does not
release (o, receptors which guard against | release much NE oo receptors are
dangerous NE release are blocked) spared)

4. Relaxation of other smooth muscles e.g. vas deferens (inhibition of ejaculation)
& Dilator papillae muscle

Indications:

1. Inoperable phaeochromocytoma: phenoxybenzamine is preferred since it has
irreversible effect

2. Intraoperative (phaeochromocytoma surgery): phentolamine is preferred since
it has reversible effect

3. Benign prostatic obstruction: Tamsulosin for normotensive patients &
Prazosin in hypertensive patients:

May be used as vasodilators e.g. infusion of phentolamine in Extravasation of a-
agonists & prazosin in peripheral vascular diseases e.g. Raynaud’s disease

Adverse effects:

Flushing, Headache, Nasal congestion, Failure of ejaculation in males, Floppy iris
syndrome?®, Nausea, Drowsiness

Postural hypotension First dose hypotension
Reflex tachycardia Minimal reflex tachycardia

%7 The recovery depends on the rate of a-receptors turnover (t'> ~ 24 h)
28 Failure of the iris to dilate during cataract operation
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3) a-selective blockers

e.g. Mianserin: it may be used in treatment of depression in critically ill patients because
of its safety.

4) a-& B-non-selective blockers

e.g. Labetalol: is kept for emergency hypertension?® & hypertension in pregnancy
Carvedilol: is used in treatment of hypertension and heart failure patients.

B-ADRENERGIC RECEPTORS BLOCKERS

Mechanism of action:

1. Receptor-mediated Mechanism: - blockers are classified according to the type of
receptors they block into

a. Piselective blockers (Cardioselective -blockers *)
e.g. Metoprolol, Atenolol, Bisoprolol, Esmolol

b. B non-selective blockers e.g. Propranolol, Nadolol

c. Combined p & o blockers e.g. Labetalol, Carvedilol

2. Additional Mechanisms:

a. Membrane stabilizing activity 2% to Na* channel blockade e.g. propranolol
-> These blockers are useful for arrhythmias (because they have quinidine-like
action) but are not suitable for ophthalmic uses (because they have local
anaesthetic activity).

b. Intrinsic sympathomimetic activity “ISA” (or partial agonistic activity) e.g.
pindolol > This leads to less cardiac depression (especially at rest).

c. Vasodilator activity: some B-blockers induce vasodilatation (instead of
vasoconstriction) e.g. carvedilol (27 to a-blockade) & nebivolol (2% to NO
release) - may be preferred for cardiovascular indications.

Pharmacokinetics:

Pharmacokinetics is determined mainly by the lipophilicity. Accordingly, B-blockers
are classified into 3 main groups: lipophilic, hydrophilic and balanced. In addition,
there is the short acting group whose elimination is independent of its solubility.

29 | abetalol is alternative to sodium nitroprusside, in the condition that there is no heart failure.

30 Cardioselective B-blockers lead to less bronchospasm (bronchial asthma); less peripheral vasoconstriction (Raynaud phenomenon) & do

not impair hypoglycaemic defence mechanism (Diabetes). However, selectivity is lost at large doses.
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1) Lipophilic p-blockers 2) Hydrophilic p-blockers
Bioavailability | Less More
Absorption Although they are well absorbed | Although absorption is irregular
First pass first pass effect is extensive they have less first pass effect
Distribution More penetration to CNS - Less penetration to CNS =
More CNS effects Less CNS side effects
Elimination Mainly hepatic - Mainly renal -
Suitable in renal failure patients | Suitable in hepatic patients
v/ Short tY2—> Long 2>
Administration | Frequent administration Once daily administration
Examples
B1 Metoprolol Atenolol
B 1,2 Propranolol Nadolol
B 120 Carvedilol

3) Balanced p-blockers:

Balanced B-blockers (e.g. Bisoprolol; pi-selective & Pindolol; B.non-selective) are
in between the lipophilic & hydrophilic groups.

4) Short acting p-blockers: Esmolol (Bi-selective) is rapidly hydrolysed by RBCs
esterases — short ty2 (= 8 minutes). It is given only by IV infusion.

Pharmacological Actions:
a. Secondary to 1 receptors blockade:
a. Heart: cardiac depression -
¢ Negative chronotropic effect on SAN & ectopic pacemakers
¢ Negative dromotopic effect on the AVN - Delay AV conduction
¢ Negative inotropic effect on the myocardium
o Decrease excitability & prolong ERP
b. Kidney: inhibits renin secretion = { aldosterone =
e Sodium excretion
e Potassium retention
b. Secondary to B3 receptors blockade:

Fat cells: = inhibit lipolysis
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c. Secondary to 2 receptors blockade:

Inhibit skeletal muscle tremors.

VC of mesenteric blood vessels = decrease portal blood flow.

VC of ciliary blood vessels of the Eye - decrease aqueous formation.

VC of skeletal muscles blood vessels = decrease blood flow during exercise.
Bronchoconstriction

Inhibition of glycogenolysis

Decrease insulin secretion.

Inhibition of K™ uptake by the liver

Inhibition of T4-> T3 conversion

d. Secondary a-receptors blockade (for p-blockers with a-blocking activity):
vasodilatation

e. CNS effects (for lipophilic f-blockers): depression
Therapeutic Uses:

1) Indications that stem mainly from B3 blockade:
a. The anti-hypertensive effect is mainly due to Bi-blockade [as ©

cardiac inhibition & @ suppression of renin release]. B, blockade also
participates [® sympatholytic effect 2¥ to central inhibition of 3, receptors on
NTS & adrenergic nerve endings as well as @ resetting the baroreceptors].
Moreover, ® some [3-blockers are vasodilators.

(o]l schemic heart disease:

31 They are useful in all types of angina pectoris except
vasospastic angina (Prinzmetal angina, variant angina). In this condition, they
induce vasospasm which worsens the condition.

Wl [EURIE@ife]g They are useful both in acute phase as well as
prophylactically. 3

c. [SEIRIEWEGnAlINIERY They are useful in many types of arrhythmia e.g. those due

to excessive NE (Exercise, thyrotoxicosis, pheochromocytoma); 2% to
myocardial ischaemia, ....etc. They can also decrease the rate of AVN
transmission in atrial flutter & atrial fibrillation.

31 The primary therapeutic goal is to reduce the frequency & severity of angina & to improve exercise capacity without significant side

effects. The efficacy of B-blockers in relieving angina is related tp 1) Reducing myocardial oxygen demand by I HR & contractility, ¢

ABP and { FA oxidation which consume more oxygen than glucose oxidation 2) Improving myocardial oxygenation since they prolong

the diastole which decreases coronary arteries compression.

32 B-blockers are essential component of the management of patients with acute myocardial infarction. Potentially beneficial effects of B-

blockers in this setting include: 1) Their antianginal action which limits the infarction size 2) Decreased risk of fatal ventricular fibrillation

They are also useful in the chronic phase by 1) Reducing the incidence of recurrence 2) Reduction in ventricular remodeling 3) Improved
left ventricular diastolic function
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d. [gEEUREUNER PR S el o)A iVl Although beta blockers can induce

heart failure, they are one of the best dug groups that decrease mortallty in
these patients. There are many suggested mechanisms®3,

VIS RO\ (NEY They are useful as
cardioprotective drugs. In addition, they inhibit T4-> T3
conversion & improve associated anxiety & tremors.

pertrophic obstructive cardiomyopathy (HOCM):

They decrease outflow resistance by relaxation of the
hypertrophied septum.

Drainage
Canals

2) Indications that stem mainly from B> blockade: -

Angle

a. (Ol le] e[ EWIWel)iE They decrease aqueous .

formation by inducing ciliary vasoconstriction. comes
Timolol is of choice in simple glaucoma

Lens

Fluid Flow

Drainage
Canals /

sMProphylaxis against bleeding in oesophageal varices: EoiEE CIMIVER IS e
reduce portal blood flow by dual mechanism: splanchnic vasoconstriction ([32)

as well as decreasing COP (J31)

< LCOP

P

Constrict
Splanchnic BV

c. \WIRETENEESIIIENES They 4 NE release which trigger the attack. In addition,
they induce vasoconstriction of the extracranial blood vessels. 3

d. propranolol is of choice

3 They 1) decrease the detrimental long-term effects of exposure of the myocardium to sympathetic overstimulatiom 2) reduce the

circulating level of vasoconstrictors e.g. renin & aldosterone 3) decrease the frequency of ventricular premature beats & the incidence of
sudden cardiac death, especially after a myocardial infarction.

34 Only propranolol & timolol have been approved by FDA for this indication.
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3) Indications that stem mainly from a-blockade:

FElA cute dissecting aortic aneurysm:

Labetalol is of choice since it has powerful
antihypertensive effect 2% to combined o & B-
blockade - decreases dissection pending the
surgical intervention

adequate o-adrenergic blockade should be achieved at \‘

first since propranolol alone may result in unopposed o-
action - marked hypertension.

4) Due to CNS effects: Phaeochromocytoma

ST UV RO I§ They are useful in non-generalized social anxiety
disorders (SAD) e.g. performance anxiety. Although they mask the symptoms of

anxiety; they have nothing to do with its aetiology
Adverse Effects:
1) Adverse effects due to B1z blockade:

Bradycardia

Heart block
Hypotension
Hyperkalaemia
Hypertriglyceridaemia

2) Adverse effects due to B2 blockade:

Cold extremities, fatigue & claudications

Bronchospasm

Prolongation of insulin hypoglycaemia

Glucose intolerance

Hyperkalaemia in susceptible patients (e.g. renal impairment & diabetes)

3) Adverse effects due to Due to a-blockade:

Hypotension

4) Adverse effects due to CNS effects:

Nightmares & depression

5) Adverse effects due to abrupt cessation in ischemic heart diseases:
Rebound angina, arrhythmias & hypertension due to up regulation of [3-receptors.
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Drug interactions:
Pharmacokinetic interactions:

1) Enzyme inducers — stimulate the metabolism of lipophilic 3-blockers & Enzyme
inhibitors — inhibit the metabolism of lipophilic 3-blockers.

2) Lipophilic non-selective R-blockers (4 hepatic blood flow) — { metabolism of
flow-dependent drugs e.g. lignocaine

Pharmacodynamic interactions:
1) £ Bradycardia, heart block & heart failure with verapamil or diltiazem.

2) £ Non-selective RB-blockers mask the hypoglycaemia of insulin and
sulphonylurea.

Hypoglycemia

Sympathetic stimulation

ABEALRT
Seve'xx /pertep 2 ( @
B-blockers |

3) £ [R-blockers potentiate the vasopressor effects of non selective
sympathomimetics (After B-blockade, sympathomimetics act unopposed on a-
receptors).

Sympathomimetic , ’Cbngestalﬁ

 L— -

\// e —

o

B-blocker
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