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Lecture 5 
Pharmacological influence of vegetative system. Adrenergic system and 

drugs: adrenoceptor activating and other sympathomimetic drugs. 
 
 

ADRENERGIC SYSTEM AND DRUGS 
 
Epinefrine, Norepinefrine, Dopamine 
- are major neurohormonal transmitter which present a cathecol group:  
 - epinephrine (adrenaline or Adr) is the major hormone of the adrenal medulla. 
 - norepinephrine (noradrenaline or NE) is the principal transmitter of most 
sympathetic postganglionic fibers and of certain tracts in the CNS,  
 - dopamine (DA) is the predominant transmitter of the mammalian extrapyramidal 
system and of several mesocortical and mesolimbic neuronal pathways,  
- catecholamines stimulate adrenergic system receptors: 
 - Epinefrine – stimulates α1, α2, ß1, ß2 and ß3-adrenergic receptors 
 - Norepinefrine – stimulates α1, α2, ß1 and ß2-adrenergic receptors, but the action on 
ß2-adrenergic receptors is very weak 
 - Dopamine – stimulates dopaminergic receptors (D1 – D5), α and ß-adrenergic 
receptors: D1=D2=D3=D4=D5 >> ß >> α 
- synthesis: Natural catecholamines are synthesized from tyrosine (phenylalanine). Tyrosine 
is a non-essential amino-acid transported from extracellular fluid into the cytoplasm of 
neurons by a carrier that actively cotransports sodium. In cytoplasm, tyrosine is hydroxilated 
to dihydrohyphenylalanine (DOPA) by tyrosine hydroxilase. DOPA is decarboxilated to form 
dopamine by a decarboxylase. Dopamine is taken up into the vesicles of the varicosity by a 
transporter. Dopamine is converted to norepinephrine within the vesicle via the action of 
dopamine--hydroxylase. Norepinephrine is converted to epinephrine in adrenal medulla via 
the action of N-methyltransferase. Synthesis of catecholamines stops depending on the type 
of cell. 
- storage: Catecholamines are stored in vesicles.  
- release: Catecholamines are released when an action potential determines an increase in the 
concentration of intracellular calcium. Elevated calcium levels promote the fusion of vesicles 
(with NE or DA) from nerve ending or of granules (with Adr) from adrenal medulla with the 
cell membrane and release of catecholamines.  
- after release of catecholamines: Catecholamines bind to receptors leading to a biological 
response. The actions of catecholamines are terminated by: 
 - reuptake into nerve terminals by norepinephrine transporter or dopamine transporter;  
 - diffusion out of the junctional cleft and uptake at extraneuronal sites; 
 - metabolic transformation. 
- Metabolism of catecholamines:  
 - Two enzymes are involved in metabolic transformation of catecholamines: 
monoamine oxidase (MAO) and catechol-O-methyltransferase (COMT). Both MAO and 
COMT are distributed widely throughout the body, including the brain; the highest 
concentrations of each are in the liver and the kidney. However, little or no COMT is found 
in sympathetic neurons. Two different isozymes of MAO (MAO-A and MAO-B) are found in 
widely varying proportions in different cells in the CNS and in peripheral tissues. MAO 
metabolizes transmitter that is released within the nerve terminal. COMT plays a major role 
in the metabolism of endogenous circulating and administered catecholamines.  
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 - Most of the Adr and NE that enters the circulation (from the adrenal medulla or 
following administration or that is released by exocytosis from sympathetic fibers) is 
methylated by COMT to metanephrine or normetanephrine. The major metabolite of 
catecholamines is 3-methoxy-4-hydroxymandelic acid (generally, but incorrectly called 
vanillylmandelic acid or VMA) and it is excreted in the urine. The corresponding product of 
the metabolic degradation of dopamine is homovanillic acid (HVA). 
 
Receptors of sympathetic system 
Adrenergic receptors:  
- are coupled with protein G. 
- subtypes: α 1 (α 1A, α 1B, α 1D, α 1L) and α 2 (α 2A, α 2B, α 2C), β 1, β 2 and β 3.  
Dopamine receptors:  
- are coupled with protein G. 
- subtypes: D1, D2, D3, D4 and D5. 
 
 

Classification of drugs stimulating adrenergic system  
(Adrenoceptor activating and other sympathomimetic drugs) 

 
1. Agonists on adrenergic receptors: 
 1.1. Agonists on α, β-adrenergic receptors, ± dopamine receptors:  
  - direct acting: - Adrenaline (Epinefrine),  
    - Noradrenaline (Norepinefrine),  
    - Dopamine,  
    - Ibopamine 
  - indirect and direct acting: - Ephedrine 
 1.2. Agonists on α-adrenergic receptors:  
  - with systemic effect: Phenylephrine, Etylephrine, Methoxamine, Midodrine, 
Metaraminol, Ethylephrine, Mephentermine 
  - with local effect: Naphazoline, Xylometazoline, Oxymetazoline, Tetrizoline 
 1.3. Agonists on β-adrenergic receptors:  
  - semiselective agonists (β1, β2-receptor agonists):  
   - Isoprenaline, Orciprenaline, Ethylnorepinephrine 
   - Bufenine, Bamethan 
  - selective β1-receptor agonists: Dobutamine, Prenalterol 
  - selective β2-receptor agonists:  
   - Indicated in bronchial asthma: 
    - short-acting β2-agonists (3-6 hours): Albuterol, Terbutaline, 
    - intermediate-acting β2-agonists (6-8 h): Salbutamol,Fenoterol,  
     Clenbuterol, Pirbuterol, Procaterol 
    - long-acting β2-agonists (12 hours): Salmeterol, Formoterol, 
    - extra-long-acting β2-agonists (24 hours): Bambuterol 
   - Indicated in premature labour: Salbutamol, Isoetharine, Isoxuprine, 
Ritodrine 
2. Stimulants of release of catecholamines:  
- Amphetamines (Amphetamine, Dextroamphetamine, Methamphetamine, 
Dexmethylphenidate, Pemoline, Phenmetrazine, Methylphenidate), 
- Amantadine. 
3. Inhibitors of transmitter reuptake: cocaine, tyramine 
4. Other drugs activating sympathetic system 


