
Lecture 6: ADRENERGIC SYSTEM AND DRUGS. Adrenoceptor antagonist drugs and other sympatholytic drugs 

Lecturer Cristina GHICIUC, MD, PhD 

1 

Lecture 6: ADRENERGIC SYSTEM AND DRUGS 
Adrenoceptor antagonist drugs and other sympatholytic drugs 

 
Classification: 
1. Competitive antagonists on adrenergic and / or dopamine receptors 
2. Inhibitors of cathecolamine synthesis 
3. Centrally acting sympatholytic agents 
 
1. Competitive antagonists on adrenergic and / or dopamine receptors 
1.1. Antagonists on alpha adrenergic postsynaptic receptors 
- semiselective (block α1 = α2 – adrenergic receptors) (α-blockers):  

• Phentolamine,  
• Ergot derivatives of ergotoxine (Ergotoxine is a complex formed by Ergocristine, 

Ergocriptine and Ergocornine): Dihydroergotoxine, Dihydroergocristine 
- selective:  

• block α1 – adrenergic receptors (α1-blockers): Phenoxybenzamine, Prazosin, 
Terazosin, Doxazosin, Trimazosin, Indoramin, Tamsulozin, Alfuzosin 

• block α2 postsynaptic adrenergic receptors: Yohimbine, Tolazoline, Rauwolscine 
• block α1 postsynaptic receptors and stimulate α2 presynaptic receptors: Urapidil 

 
1.2. Antagonists on beta receptors  
- semiselective (block β1 = β2 – adrenergic receptors) (β-blockers) 

• without intrinsec activity: Propranolol, Timolol, Sotalol, Nadolol, Bupranolol  
• with intrinsec activitity: Oxprenolol, Alprenolol, Pindolol, Penbutolol, Carteolol 

- selective β1 – adrenergic receptors blockers (β1-blockers) 
• without intrinsec activity: Metoprolol, Atenolol, Bisoprolol, Esmolol, Betaxolol, 

Nebivolol 
• with intrinsec activitity: Acebutolol, Celiprolol 

- selective β2 – adrenergic receptors blockers: Butoxamina 
 
1.3. Antagonists on alpha and beta receptors (α,β-blockers): Labetalol, Carvedilol, 
Medroxolol, bucindolol 
 
1.4. Antagonists on alpha and / or dopamine receptors 
- non-selective adrenergic receptor α1 α2 blockers (nonselective inhibitors) plus / minus 
of dopamine D1, D2, D4 receptors (plus / minus the M receptor competitive antagonists, 
H1, 5-HT2): 

• phenothiazines: 
o aliphatic side chain: chlorpromazine, levomepromazine; 
o the piperidine derivatives: Thioridazine; 
o piperazine derivatives: Fluphenazine, Perphenazine, Trifluoperazine; 

• thioxanthenes: thiothixene, Chlorprothixene; 
• butyrophenones: haloperidol, trifluperidol, Droperidol 
• other structures: Risperidone, Clozapine, Olanzapine, Quetiapine, Sertindole, 

Molindone, Sulpiride, Loxapine, remoxipride, Ziprasidone, Aripiprazole 
- selective blocker of dopamine D2 receptors 

• derivatives diphénylbutylamine: Pimozide. 
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2. Inhibitors of cathecolamine synthesis: Metyrosine (competitive inhibitor of  tyrozin-
hydroxilase) 
 
3. Centrally acting sympatholytic agents:  
- Acting mainly on CNS: 

- Selective agonists on I1 imidazoline receptors: Moxonidine, Rilmenidine 
- Agonists on α2 presinaptic adrenergic receptors and I1 imidazoline receptors: 

Clonidine, Apraclonidine, Brimonidinea, Tizanidine, Dexmedetomidine 
- Other mecanism of action: Methyldopa, Guanabenz, Guanfacine  

- Acting on CNS and peripherally: Reserpine  
- Acting mainly peripherally: Guanetidine, Guanadrel, Bethanidine, Debrisoquin. 
 
 
 
 

1. COMPETITIVE ANTAGONISTS ON ADRENERGIC RECEPTORS 
 
Semi-selective blockers of receptors α1 = α2 - adrenergic 

� PHENTOLAMINE 
Mechanisms of action: 
- competitive antagonist on α1 = α2 – adrenergic receptors; 
- competitive antagonist on 5HT2 receptors; 
- agonist on muscarinic receptors; 
- agonist on histamine H1 and H2 receptors; 
- direct action on vascular smooth muscle. 
Pharmacodynamic effects: 
- vasodilation with a decrease in blood pressure by: 

• postsynaptic α1 receptor blockade (due to compensatory mechanism, occurs decrease 
in peripheral resistance and increase in venous return); 

• histamine H1 receptor agonist effect; 
• direct action on vascular smooth muscle; 

- blocking presynaptic α2 receptors → disinhibition of noradrenaline release in the CNS → 
positive inotropic effect and increased cardiac output; 
- agonist on muscarinic receptors determine parasympathomimetic effects: stimulation of 
peristalsis of the digestive tract, bronchial smooth muscle contraction (these effects are 
antagonized with atropine); 
- stimulation of gastric acid secretion (due to the action as agonist on M and H1 receptors). 
Indications: 
- pheochromocytomas: 

• diagnosis of pheochromocytoma; 
• pre - and intraoperative treatment; 
• inoperable cases of pheochromocytoma; 

- phlebitis, thrombophlebitis; 
- trauma associated with circulatory disorders; 
- Raynaud's syndrome; 
- acute heart failure (the acute pulmonary edema), some cases of acute myocardial infarction; 
- shock; 
- erectile dysfunction (in combination with papaverine,injection into the vessels of the penis). 
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Adverse effects 
- tachycardia, tachyarrhythmias (ventricular fibrillation, in high doses),  
- orthostatic hypotension; 
- abdominal pain, vomiting, diarrhea, gastric ulcer; 
- administration into the penis for a long time determines local fibrotic reactions. 
Contraindications: 
- peptic ulcers with acid hypersecretion; 
- hypovolemia. 
 

� DIHYDROERGOTOXINE 
The ergot alkaloids are derivatives extracted from Claviceps purpurea, a fungus that infects 
grain, especially rye, under damp growing or storage conditions. 
Mechanisms of action: 
- partial antagonist receptor α1 = α2 - adrenergic; 
- competitive antagonist on 5HT2. 
Pharmacodynamic effects: vasodilation with hypotension and bradycardia by a central 
mechanism. 
Indications: 
- as an adjunct in the treatment of hypertension; 
- disorders of irrigation of the brain, disorders of irrigation in Alzheimer's disease; 
- disorders of peripheral perfusion. 
Adverse effects 
- nausea, vomiting, diarrhea; 
- vascular endothelial toxicity; 
- severe arterial hypotension, which is accentuated by the orthostatic position; 
- drowsiness; 
- high doses determine ergotism: insomnia, hallucinations, nightmares, delirium; 
- in large doses or for long-term treatment: nephrotoxicity; 
- hepatotoxicity. 
Contraindications: 
- endogenous psychoses; 
- pregnancy, breastfeeding, perinatal period; 
- young children; 
- low blood pressure; 
- bradycardia; 
- liver failure; 
- kidney failure. 
 
 
Selective receptor blockers α1 - adrenergic (α1 - BLOCKERS) 

� PHENOXYBENZAMINE  
Mechanisms of action: 
- competitive antagonist α1 >>>> α2 adrenergic  (between the receptor and the ligand is 
covalent binding → explains the long-term effect); 
- competitive antagonist on 5HT2 receptors; 
- muscarinic receptor antagonist; 
- histamine H1 receptor antagonist; 
- stimulates the release of norepinephrine and inhibit norepinephrine reuptake; 
- blocks the renal tubular transport of organic bases. 
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Pharmacodynamic effects: 
- because it is competitive antagonist α1 - adrenergic receptors, this determine severe arterial 
hypotension, reduced peripheral resistance, and due to a reflex mechanism → increase of 
frequency and cardiac output; 
- stimulation of the release and inhibition of the reuptake of norepinephrine → determine 
increase frequency and cardiac output, positive inotropic effect. 
Indications: (similar to Phentolamine) 
- pheochromocytomas: 

• diagnosis of pheochromocytoma; 
• pre - and intraoperative treatment; 
• inoperable cases of pheochromocytoma; 

- phlebitis, thrombophlebitis; 
- trauma associated with circulatory disorders;  
- obstructive arterial disease; Raynaud's syndrome; 
- alternative, in acute heart failure, some cases of acute myocardial infarction. 
Adverse effects 
- severe orthostatic arterial hypotension, which is accentuated by the effort, postprandial; 
- palpitations after consuming alcohol; 
- tachycardia, arrhythmias; 
- anginal pain; 
- myosis; 
- congestion of the nasal mucosa, dry mouth; 
- inhibition of ejaculation; 
- nausea, vomiting; 
- sedation, loss of sense of time, in high doses → convulsions. 
Contraindications: 
- hypovolemia; 
- angina pectoris; 
- arrhythmias; 
- peptic ulcers with acid hypersecretion; 
- benign prostate; 
- glaucoma. 
 

� PRAZOSIN, TERAZOSIN, DOXAZOSIN, TRIMAZOSIN, INDORAM IN 
Mechanism of action: competitive antagonists receptor α1 >>>> α2 adrenergic. 
Pharmacodynamic effects: 
- relaxation of vascular smooth muscle both arterial and venous; 
- moderate compensatory tachycardia; 
Indications: 
- Prazosin: treatment of essential hypertension; 
- Terazosin, Doxazosin, Trimazosin, Indoramin: treatment of essential hypertension and 
treatment of benign prostatic hyperplasia; 
Adverse events: severe arterial hypotension, especially after the first dose. 
 

� TAMSULOZINE, ALFUZOSIN 
Mechanism of action: competitive antagonists receptor α1 >>>> α2 adrenergic. 
Pharmacodynamic effects: 
- are relatively selective on vascular α1 - adrenergic receptors in the prostate; 
- Tamsulozine blocks α1 - adrenergic receptors in ureters → relaxation. 
Indications: - benign prostatic hyperplasia. 
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α2 receptor postsynaptic receptors blockers (α2 - BLOCKERS) 

� YOHIMBINE 
Source: Corynanthe yohimbe 
Mechanism of action: competitive antagonist α2 >>>> α1 adrenergic. 
Indications: 
- as an analgesic in diabetic neuropathy from diabetes mellitus type 2; 
- determines a good improvement in sexual function, but this effect is limited in humans. 

� TOLAZOLINE 
Mechanism of action: competitive antagonist α2 >>>> α1 adrenergic. 
Indications: 
- an alternative therapy in peripheral vasospastic disease, Raynaud's syndrome; 
- pulmonary hypertension in respiratory distress syndrome of the newborn. 
 
 
Block α1 postsynaptic receptors and stimulate α2 presynaptic receptors: URAPIDIL 
Mechanism of action: 
- competitive antagonist α1 - adrenergic postsynaptic; 
- α2 receptor agonist - adrenergic presynaptic; 
- 5HT1A receptor agonist. 
Pharmacodynamic effects:  
- decrease blood pressure; 
- anxiolytic effects. 
Indications: - treatment of hypertension (in Europe). 
 
 
Antagonists on beta receptors (β - BLOCKERS) 
Classification 
- semiselective (block β1 = β2 – adrenergic receptors) (β1β2-blockers) 

• without sympathomimetic intrinsec activity (SIA): Propranolol, Timolol, Sotalol, 
Nadolol, Bupranolol  

• with SIA: Oxprenolol, Alprenolol, Pindolol, Penbutolol, Carteolol 
- selective β1 – adrenergic receptors blockers (β1-blockers) 

• without SIA: Metoprolol, Atenolol, Bisoprolol, Esmolol, Betaxolol, Nebivolol 
• with SIA: Acebutolol, Celiprolol 

- selective β2 – adrenergic receptors blockers: Butoxamina 
 
 
β1β2-BLOCKERS 

� Semi-selective blockers of receptors β1 = β2 without sympathomimetic activity 
PROPRANOLOL, TIMOLOL, SOTALOL, NADOLOL, BUPRANOLOL  
Mechanism of action: 
- semi-selective antagonists of β1 = β2 - adrenergic receptors. 
Pharmacodynamic effects of Propranolol: 

• in experimental dose → local anesthetic (by the mechanism of membrane 
stabilization); 

• in therapeutic doses → effects on cardiovascular system, respiratory system, ocular, 
CNS, metabolic effects; 

• in overdose → effects similar to Quinidine. 
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- cardiovascular effects: 
• to the heart: 

o depresses conduction sinoatrial and atrioventricular (the negative dromotropic 
effect); 

o determine the reduction in cardiac output; 
o determine the reduction in heart rate (the negative chronotropic effect); 
o determine the reduction in force of contraction of the heart (the negative 

inotropic effect); 
o reduces myocardial oxygen consumption; 

• in the vessels: 
o reduces systolic and diastolic blood pressures; 
o by a compensatory reflex mechanism → the increased peripheral vascular 

resistance (this decline over time). 
- renin-angiotensin-aldosterone system: 

• reduce the plasma renin level (by blocking the receptors β1 - adrenergic presynaptic 
renal juxtaglomerular cells). 

- respiratory system: 
• determines bronchoconstriction. 

- in the eye: 
• reduce the of aqueous secretion from ciliary epithelium (by blocking the receptors β1 

- adrenergic presynaptic) → determines the reduction of intraocular pressure. 
- CNS: 

• anxiolytic effect by a central mechanism (by blocking the receptors β1 - adrenergic 
presynaptic) or by reducing circulatory effects (reduction of tachycardia induced by 
stress, cold, emotions). 

- metabolic effects: 
• inhibition of the glycogenolytic and lipolytic effects of catecholamines; 
• increase in plasma levels of triglycerides and decrease levels of high density lipids 

(HDL cholesterol) → increase atherogenesis. 
Pharmacokinetics of Propranolol 
Propranolol is well absorbed from the gastrointestinal tract. It does not bind significantly to 
plasma proteins. The maximum blood concentration is between one hour and two hours after 
administration, when the beta-blocker effect is maximal. Propranolol is metabolized to 4 - 
hydroxy acid and propranolol naphtoxylactique. 
Indications of Propranolol: 
- hypertension; 
- chronic stable angina pectoris (with normal blood pressure or hypertensive patients); 
- myocardial infarction associated with hypertension; 
- supraventricular / ventricular tachyarrhythmia (class II antiarrhythmic drugs); 
- pheochromocytomas (only in combination with α - blockers); 
- anxiety; 
- migraine; 
- benign essential tremor, the tremor induced by lithium treatment in bipolar psychoses; 
- as the adjuvant treatment of following diseases: 

• Parkinson's disease; 
• withdrawal syndrome in chronic alcoholics; 
• opioid dependence; 
• dependence caused by hallucinogens; 
• hyperthyroidism, thyrotoxicosis; 
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• schizophrenia, mania; 
- portal hypertension – it is treatment of choice (to prevent gastrointestinal bleeding caused 
by rupture of esophageal varices). 
Adverse effects of Propranolol 
- bradyarrhythmias, atrioventricular block; 
- worsening congestive heart failure; 
- mask the hypoglycemic effect of insulin and oral hypoglycemic agents (reduce the intensity 
of symptoms of hypoglycemia: light-colored skin, sweat, tachycardia); 
- bronchospasm; 
- neuropsychiatric disorders: depression, fatigue, insomnia, hallucinations, nightmares; 
- chronic administration → deafness, loss of sexual potency; 
- rarely: digestive symptoms (nausea, vomiting, diarrhea/constipation), immunological 
reactions type II (lupus-like syndrome) and type I (fever, purpura, skin erythema). 
- sudden withdrawal of Propranolol after chronic administration causes withdrawal 
syndrome: significant increase in blood pressure, angina, myocardial infarction, cardiac 
arrhythmias up to atrial fibrillation / ventricular fibrillation, insomnia, nervousness. 
Contraindications of Propranolol 
- bronchial asthma, spastic bronchitis, chronic obstructive pulmonary disease; 
- bradyarrhythmias; 
- AV block; 
- diabetes mellitus; 
- severe dyslipidemia; 
- peripheral vascular insufficiency; 
- Raynaud's syndrome; 
- depressions; 
- pregnancy (propranolol may cause slower growth in utero, neonatal hypoglycemia, 
bradycardia). 
 
TIMOLOL  
It is a beta1 and beta2 blocker without sympathetic intrinsic activity.  
It lowers intraocular pressure by a mechanism that involves a decrease in aqueous humor 
secretion. 
Indications: 
- hypertension; 
- chronic stable angina pectoris; 
- glaucoma. 
The mechanism of action, pharmacodynamic effects, adverse effects and contraindications 
are similar to Propranolol. 
 
SOTALOL  
It is a beta1 and beta2 blocker without sympathetic intrinsic activity.  
Mechanism of action: 
- semi-selective antagonists of β1 = β2 - adrenergic receptors. 
- potassium channel blockade (this explains the class III antiarrhythmic effects, but also a 
strong arrhythmogenic effect). 
Indications: 
- hypertension; 
- chronic stable angina pectoris; 
- arrhythmias. 
The pharmacodynamic effects, adverse effects, contraindications are similar to Propranolol. 
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� Semi-selective blockers of β1 = β2 - adrenergic receptors with sympathomimetic 
activity (SIA): 

OXPRENOLOL, ALPRENOLOL, PINDOLOL, PENBUTOLOL, CARTE OLOL  
Mechanism of action: 
- semi-selective antagonists of receptors β1 = β2 - adrenoceptors, with intrinsic 
sympathomimetic activity. 
The semi-selective blockers of receptors β1 = β2 - adrenergic sympathomimetic activity 
(SIA) have the same indications, contraindications and adverse effects like β1,β2-blockers 
without SIA, but the depressant action in the heart is weaker. Therefore, these drugs may be 
administered in patients with heart failure or bradycardia. 
 
β1-BLOCKERS 

� Selective blockers of β1 receptors - without adrenergic sympathomimetic activity 
METOPROLOL, ATENOLOL, BISOPROLOL, ESMOLOL, BETAXOLO L, 
NEBIVOLOL  
Selective β1-blockers without intrinsic sympathomimetic activity have the same indications, 
contraindications and adverse effects like β1,β2-blockers without SIA, but they are selective 
on β1-receptors and they do not block the β2-receptors. Therefore, these drugs are not strictly 
contraindicated in patients with asthma, COPD. 
Metoprolol , Bisoprolol are drugs indicated also for the treatment of heart failure. 
Bisoprolol is metabolized in the liver 50% and 50% - kidney and may be indicated in patients 
suffering of hepatic or renal failure. 
Betaxolol is preferable to treat glaucoma. 
Nebivolol is a beta blocker β1 - adrenergic without SIA, which determines the release of 
nitric oxide. It is indicated in patients with angina pectoris and asthma. It is contraindicated in 
patients with glaucoma. 
 

� Selective receptor blockers β1 - adrenergic sympathomimetic activity (ASI) 
ACEBUTOLOL, CELIPROLOL  
The selective receptor β1-blockers with SIA have the same indications, contraindications and 
adverse effects like β1,β2-blockers without SIA, but they are selective on β-receptors and 
they do not block completely receptors, so the effects on the heart are weaker. Therefore, 
these drugs are not conraindicated in patients with asthma, heart failure or bradycardia. 
 
 
Antagonists on alpha and beta receptors (α, β -BLOCKERS) 
LABETALOL, CARVEDILOL, MEDROXOLOL, BUCINDOLOL 
Mechanisms of action: 
- receptor antagonists α1 = α2 = β1 = β2 - adrenergic; 
- capture of oxygen free radicals. 
Indications: 
- post-myocardial infarction therapy; 
- Labetalol: treatment of pheochromocytoma, hypertension crises; 
- Carvedilol: treatment of heart failure, hypertension, angina pectoris. 
Adverse effects 
- postural hypotension; 
- moderate reflex tachycardia. 
Contraindications: 
- same indications as the contraindications like beta blockers; 
- heart failure (except Carvedilol). 


