PHARMACOLOGY OF THE AUTONOMIC DRUGS
On the functional basis, nervous system can be divided into two major subdivisions: autonomic and somatic. The autonomic Nervous System (ANS) regulates the automatic visceral functions such as cardiac output, blood flow to the organs and digestion. Somatic subdivision is primarily concerned with the conciously controlled functions such as movement and respiration.
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The division of ANS as sympathetic and parasympathetic is done on the anatomical basis. The autonomic fibers that leave the spinal cord through the thoracal and  lumbar  spinal nerves are called as sympathetic, whereas the ones that originate at the cranial (especially in the third, seventh, ninth and tenth cranial nerves) and sacral levels are called parasympathetic. However, based on the recent findings, the sacral nerve fibers are now thought to be of sympathetic origin and are, in fact, cholinergic sympathetic nerves.
All the autonomic fibers make synapses at autonomic ganglia before they reach their target tissues. For the sympathetic system, these ganglia are at or near the level the fibers fleave the spinal chord and located pre- or para-vertabrally. Parasympathetic nerves synapse at the ganglia that are located near the target organ or at the ganglionic cells at the wall of the organ. The fibers taht arrive to the ganglia are called preganglionic and the ones that leave the ganglia are called postganglionic. The syapse is between the axon of the preganglionic fiber and the soma of the postganglionic fiber. The synapses between the autonomic postganglionic fibers and the target organ cells are called as neuro-effector synapses.
Neurotransmitters of the ANS
All the effects of the ANS on the target tissues are mediated by the neurotransmitters that are released from the presynaptic nerve endings. The main neurotransmitters of the ANS are acetylcholine (Ach) and noradrenalin (NA). The fibers that synthesize and release Ach are called cholinergic fibers; the ones that synthesize and release NA are called adrenergic fibers. Both neurotransmitters are synthesized and stored in the cytoplasmic vesicles in the corresponding nerve terminals. The electrical stimulus that reaches the nerve terminal causes the neurotransmitter release to the synaptic cleft. The duration and the amplitude of the stimulus determines the amount of the transmitter that will be released to the synaptic space. In all the synapses, transmission is terminated rapidly by specific mechanisms. In cholinergic synapses, released Ach is rapidly split into choline and acetate none of which can stimulate cholinergic receptors. In adrenergic synapses the released NA is removed from the synaptic space by simple diffusion and reuptake pumps located on the mebranes of the presynaptic nerve terminal and the target cell. 
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Receptors of ANS
NA ve Ach exert all of their effects by binding and activating their specific receptors on the target tissues: Receptors that are stimulated by Ach are called cholinergic, those that are stimulated by NA are called adrenergic receptors. All these receptors are trans-membrane proteins. Both the adrenergic and cholinergic receptors are subdivided into structurally and functionally different receptor subtypes. These subtypes differ in their tissue distribution and sensitivity to various drugs and the responses they elicit.
ANS Receptors

Cholinergic
Adrenergic

Muscarinic (M)
Nicotinic (N)
alpha (()
beta (()

Muscarinic receptors are subdivided into five subtypes: M1, M2, M3, M4, M5; Nicotinic receptors are subdivided into two subtypes: NG and NM. All the effects of Ach on visceral tissues are mediated by muscarinic receptors. NG and NM receptors are located on the membranes of ganglionic postsynaptic nerves and skeletal muscle cells, respectively. (-adrenejic ve (-adrenerjic receptors are also subdivided into (1, (2 and (1, (2, (3 respecively. Except for the nicotinic receptors which are ligand-gated ion channels, all the autonomic receptors are G protein-coupled type receptors. Responses elicited in the effector organs by autonomic activity along with the receptor subtypes responsible are shown below.
DIRECT EFFECTS OF AUTONOMIC STIMULATION ON THE EFFECTOR ORGANS
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PHARMACOLOGIC MODIFICATION OF AUTONOMIC FUNCTION
I. CHOLINOMIMETIC AGENTS
Drugs that mimic the effects of Ach are called cholinomimetics. Based on mechanism of action, they can be subdivided into two groups: Direct acting and indirectly acting. Direct acting cholinomimetics exert Ach-like effects on the organs by binding and activating cholinergic receptors. Indirectly acting cholinomimetics are the inhibitors of the enzyme ACE. They increase the synaptic concentration and the duration of action of Ach released by the cholinergic nerves and thus, enhance its effects. 
	Direct acting cholinomimetics
	İndirectly acting cholinomimetics

	Acetylcholine
Methacholine
Bethanechol
Carbachol
	Edrophonium
Neostigmine
Malathion
Parathion


Ach can not be used as a drug as it is rapidly degraded by the ACEs and pseudocholine esterases in the tissues. In contrast, methacholine and especially, bethanechol and carbachol are resistant to ACE. In addition, these drugs (especially bethanechol) display receptor selectivity: They are muscarinic receptor selective drugs. Hence, their effects are limited to the tissues which express muscarinic receptors; they (except carbachol) don’t show any significant effect in ganglions and skeletal muscle where the cholinergic transmission is mediated by nicotinic receptors. Indirectly acting cholinomimetics can not have any receptor selectivity whatsoever as they act through the non-selective mediator, Ach: They enhance the transmission in all the cholinergic synapses when given systemically. Malathion and parathion are used as insecticides, not as drugs in humans, as they inhibit the ACE irreversibly and thus show severe and sustained cholinergic effects.
RESPONSES OF THE ORGANS TO CHOLINERGIC RECEPTOR STIMULATION
	Organ
	Response

	Eye
     Iris sphincter muscle
     Ciliary muscle
	Contraction (miosis)

Contraction (accomodation)

	Heart
     Sinoatrial node
     Atria
     Atrioventricular node
     Ventricles
	Negative chronotropy
Negative inotropy
Negative dromotropy
Slight negative inotropy

	Blood Vessels
     Arteries, veins
	Dilation (via EDRF)

Constriction (high-dose direct effect)

	Lungs
     Bronchial smooth muscle
     Tracheobronchial  glands
	Contraction (bronchoconstriction)

Increased secretion

	Gastrointestinal System

     Motility
     Sphincters
     Secretion
	Increase
Relaxation
Stimulation

	Bladder
     Detrussor muscle
     Trigon and sphincter
	Contraction 

Relaxation

	Glands
    Sweat, salivary, lacrimal nasopharingeal
	Secretion


In addition to the effects above, indirectly acting cholinomimetics also cause an increase in the contractile force and fibrillation (in high doses) in the skelaetal muscle.
INDICATIONS FOR CHOLINOMIMETIC USE
Glaucoma
Postoperative atony
Neurogenic bladder
Neuromuscular diseases (Myastenia Gravis, indirectly acting cholinomimetics)
Certain atrial arrhythmias
Atropin overdose
II. CHOLINOCEPTOR BLOCKİNG DRUGS (ANTİCHOLINERGIC DRUGS)

Anticholinergic Drugs



Antimuscarinic drugs

Antinicotinic drugs



Atropine



Scopolamine



Pirenzepine



Benztropine
Antimuscarinic drugs reversibly bind to the muscarinic receptors but do not stimulate them. Their effects are due the competition with Ach for binding to the receptors and a dose-dependent reduction in the Ach effects.
EFFECTS OF ANTICHOLINERGIC (ANTIMUSCARINIC) DRUGS IN THE ORGANS
	Organ
	Effect

	Eye

     Iris sphincter muscle

     Ciliary muscle
	Relaxation (mydriasis)

Relaxation (cycloplegia)

	Heart

     Sinoatrial node

     Atria

     Atrioventricular node

     Ventricles
	Positive chronotropy

Positive inotropy

Positive dromotropy

Slight positive inotropy

	Blood Vessels

     Arteries, veins
	Blocking of the vasodilation caused by cholinergic nerves

	Lungs

     Bronchial smooth muscle

     Tracheobronchial  glands
	Relaxation (bronchodilation)

Decrease in secretion

	Gastrointestinal System

     Motility

     Sphincters

     Secretion
	Decrease

Contraction

Decrease

	Bladder

     Detrussor muscle

     Trigon and sphincter
	Relaxation

Contraction

	Glands

    Sweat, salivary, lacrimal nasopharingeal
	Decrease in secretion


INDICATIONS FOR ANTIMUSCARIC USE
Asthma
Preanesthetic medication (fr decreasing bronchial secretion)

Hyperactive carotid sinüs refllex (vagal discharge)

Peptic ulcer (pirenzepin?)

Tourist diarrhea
Cholinergic intoxication  (İnsecticides, mushrooms)

COUNTERINDICATIONS FOR ANTİMUSKARİNİC USE
Glaucoma
III. SYMPATHOMIMETIC DRUGS
Drugs that mimic the effects of NA (and adrenalin) are called sympathomimetics. Based on their action mechanisms, sympathomimetic drugs can be subdivided into two groups: Direct acting and indirectly acting. Direct acting sympathomimetics exert NA-like effects on the organs by directly binding and activating adrenergic receptors (AR). Indirectly acting sympathomimetics act by either by causing NA release from (amphetamine, ephedrine) or inhibiting NA reuptake to (cocaine, tricyclic antidepressants) adrenergic nerve terminals. This way, they increase the synaptic concentration and the duration of action of NA released by the adrenergic nerves and thus, enhance its effects. 

	Direct acting sympathomimetics
	Indirectly acting sympathomimetics

	Non-spesific AR agonists:

   Adrenalin ((-AR and β-AR)

(-AR agonists
   Phenyleprine ((1-AR)
   Conidine ((2-AR)
   Apraclonidine ((2-AR)
β-AR agonists:

   Isoproterenol (β1-AR and β2-AR)
   Salbutamol (β2-AR)

   Dobutamine (β1-AR)
	Amphetamine
Cocain
Ephedrine (also weakly stimulates AR)


RESPONSES OF THE ORGANS TO ADRENERGIC RECEPTOR STIMULATION
	Organ
	Response

	Eye
     Iris circular muscle ((1-AR)
	Contraction (mydriasis)

	Heart
     Sinoatrial node (β1-AR)
     Contarctile force of myocardium  (β1-AR)
	Pozitive chronotropy
Pozitive inotropy

	Blood Vessels
     Skin, splanchnic vessels ((1-AR)
     Skeletal muscle vessels (β2-AR)
	Vasoconstriction
Vasodilation

	Lungs
     Bronchial smooth muscle (β2-AR)
	Relaxation (bronchodilation)

	Gastrointestinal tract
     Motility (β2-AR)

     Sphincters ((1-AR)
	Decrease
Contraction

	Bladder and uterus

     Detrussor muscle (β2-AR)

     Trigon and sphincter ((2-AR)

     Uterus (pregnant, β2-AR)
	Relaxation
Contraction
Relaxation


In the above table, the receptors that mediate the organ responses are given in paranthesis. Receptor selectivity of a sympathomimetic drug dictates which of these response or responses will be elicited by the drug, when given systemically. For example, adrenalin can potentially elicit all the effects whereas dobutamine (β1-AR selective) can cause only the heart-related effects.
INDICATIONS FOR SYMPATHOMIMETIC USE
I. CARDİOVASCULAR APPLICATIONS
A. Cases that necessitate increasing the blood flow or pressure
· Hypotensive emergencies
(1-AR agonists (Phenylephrine, noradrenalin)
· Chronik orthastatic hypotension
Ephedrine
· Shock



Vasokonstrictor/vasodilator?
· Cardiogenic shock

Dobutamine
B. Cases that necessitate decreasing the blood flow
· To promote haemostasis
(1-AR agonists (Phenylephrine, Adrenalin)
· To decrease absorbtion of local anesthetics
(1-AR agonistleri (Phenylephrine, Adrenalin)
· Mucous membrane decongestion
Oxymetazoline (topical), Ephedrine (oral)
C. Cardiac applications
· Paroxysmal atrial tachycardia

Phenylephrine
· Complete heart block, cardiac arrest
Adrenalin
· Congestive heart failure


Dobutamine
II. PULMONARY SYSTEM DISEASES
· Asthma

β2-AR selective agonists (Salbutamol, Terbutaline, Formoterol, Salmeterol)

III. OPHTALMİC APPLICATIONS
· Glaucoma


Adrenalin (topical), apraclonidine (topical)
· Retina examination

Phenylephrine (topical)
· Conjunctival hyperemia

Phenylephrine (topical)
IV. OTHER APPLICATIONS
· Premature labor

Ritodrin
· Hypertension

Clonidine
· Diabetic diarrhea
Clonidine
· Anaphylaxis

Adrenalin (0.3-0.5 mg, IV)

IV. DRUGS THAT BLOCK ADRENERGIC RECEPTORS (ADRENERGIC RECEPTOR ANTAGONISTS)

ADRENERGIC RECEPTOR ANTAGONISTS




(-AR Blockers


β-AR Blokürleri




Phentolamine ((1-AR, (2-AR)
Propranolol (β1-AR, β2-AR)




Prazosin ((1-AR)

Metoprolol, esmolol (β1-AR)





Yohimbin ((2-AR)

Butoksamin (β2-AR)

Receptor selectivities of the antagonists are given in adjacent parantheses. These drugs inhibit the sympathetic effects. The effects of an antagonist on a tissue or tissues, when given systemically, depends on its receptor selectivity and can easily be predicted with the help of the table above (RESPONSES OF THE ORGANS TO ADRENERGIC RECEPTOR STIMULATION).
INDICATIONS FOR ADRENERGIC RECEPTOR BLOCKERS
I. ALPHA AdrenerGIC ReCEPTOr AntagonIstS
· Pheochromacytoma

Phenoxybenzamine (irreversible antagonist)
· Chronic hypertension

Prazosin
· Peripheral vascular diseases
Phentolamine, prazosin
· Urinary obstruction (BPH)
Prazosin

II. BETA AdrenerGIC ReCEPTOr AntagonIstS
· Hypertension


· Ischemic heart diseases
· Cardiac arrythmias
· Glaucoma
· Hyperthyroidism
· Neurologic diseases (Migraine, anxiety, alcohol withdrawal syndrome)
· Bleeding from esophagial varices
