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Autonomic Nervous System



Responses to Adrenergic Stimulation 
(continued)

 Has both excitatory and inhibitory 
effects.

 Responses due to different membrane 
receptor proteins.

a1 : constricts visceral smooth muscles.

a2 : contraction of smooth muscle.  

b1  : increases HR and force of contraction.

b2  : relaxes bronchial smooth muscles.

b3: adipose tissue, function unknown



Drugs acting on autonomic ganglia

Increases activity

• Direct effect

Acetylcholine

Nicotine (Low doses)

• Indirect effect      

(ACE inhibitors)

Physostigmine

Neostgmine

Parathion

DFP

Decreases activity

• Ganglion blockers-

Hexamethonium

Macamylmamine

Pentolinum

Trymethaphan



Drugs acting on Postganglionic sympathetic 

nerve endings

Increases activity

• Release NE (TEA)

Tyramine

 Ephedrine

Amphetamine

Decreases activity

Block NE Synthesis

Metyrosine

Block Storage

Reserpine

Guanethidine

Prevent Release

Bretylium

False transmitters

Methyldopa



Drugs acting on Muscarinic receptors

Increases activity

Acetylcholine

Decreases activity

Atropine

scopolamine



Drugs acting on Beta adrenergic receptor

Increases activity

 b stimulators

Isoproterenol 

• b2stimulators

Salbutamol

Terbutaline

 Decreases activity

 b blockers

Propranolol

Metaprolol

 b1 blockers

Atenolol

 b2 blockers

Butoxamine



Drugs acting on Alpha adrenergic receptors

Increases activity

(a1 stimulators)

Methoxamine

 Phenylepinephrine

Decreases activity

(a blockers)

Phenoxybenzamine

Phentolamine

Prazocin  (a1 blockers)

Yohimbine (a2blockers)
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Autonomic drugs

1. Parasympathomimetics.

2. Parasympatholytics.

3. Sympathimetics.

4. Sympatholytic.

5. Ganglion stimulants & ganglion blockers.

Parasympathomimetics [Cholinomimetic drugs]

Acetylcholine (ACh) receptor stimulants and cholinesterase inhibitors together 

comprise a large group of drugs that mimic Ach (cholinomimetics or 

parasympathomimetics).

Cholinoceptor stimulants: they are either:

I-Direct-acting cholinomimetic agents bind to and activate muscarinic and/or 

nicotinic receptors:       1- Choline esters:

*Ach          * Methacholine        * Carbachol           * Bethanechol

15



2- Cholinomimetic alkaloids:      * Pilocarpine

II-Indirect-acting agents inhibit cholinesterases      increase the endogenous

Ach in synaptic clefts and neuroeffector junction      stimulate cholinoceptors. 

The are classified into:
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IrreversibleReversible

 Organophosphorus compounds:

- Echothiophate           -Isoflurophate

- Ware gases e.g. sarin &soman.

- Thiophosphate insecticides e.g. 

parathion &malathion.

 Physostigmine & neostigmine.

 Neostigmine substitutes:

(edrophonium,

pyridostigmine, ambenonium,

benzpyrinium and demecarium)
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neostigmine Physostigmine

Synthetic

Quaternary ammonium compound

Natural plant alkaloid

Tertiary amine

Source & 

chemistry

Partial oral absorption .

Cannot pass BBB

Complete oral absorption

Passes BBB

Absorption & 

distribution

Both are metabolized by cholinesteraseMetabolism

1-Muscarinic (mainly GIT& 

urinary tract)

2- Nicotinic          Muscle 

twitches (direct & Indirect 

action)
3- CNS: no action

1-Muscarinic (eye): Miosis, 

accommodation for near vision,

IOP, lid twithches,

lacrimation]

2- Nicotinic        Muscle 

twitches (Indirect action only)

3- CNS: Stimulation 

(convulsions in high doses)

Actions

(1) Reversible cholinesterase Inhibitors



According to the binding with Ch.E. enzymes:

1- Bind reversible by electrostatic bond with anionic site        Edrophonium

2- Bind reversibly with both anionic & esteratic sites            

Physostigmine, neostigmine.

3- Phosphorylation of the esteratic site         Organophosphorus compounds
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Clinical uses:

Physostigmine :

A) Eye drops:

1- Glaucoma.

2- Counteracts action of mydriatics after fundus examination.

3- To cut recent adhesion between iris and lens [alternatively with mydriatics].

B) Alzheimer dementia but newer drugs are better.

C) Atropine toxicity: It antagonizes central and peripheral action but not preferred due 

to CNS toxicity
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Neostigmine :

1- Reversal of paralysis induced by non-depolarizing neuromuscular 

blockers during surgical operations. 

2- Postoperative retention of urine (Catheterization is better alternative).

3- Postoperative paralytic ileus.

4- Myasthenia gravis.

5- Antidote to atropine toxicity.

6- Glaucoma.
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(2) Irreversible cholinesterase Inhibitors

 Echothiophate &Isoflurophate            eye drops for glaucoma.

 Ware gases [e.g. sarin & soman].

 Thiophosphate insecticides [e.g. Parathion & Malathion]

Pharmacokinetics:

All organophosphates (except for echothiophate) are well absorbed from the skin, 

lung, gut, and conjunctiva and distributed to all parts of the body, including CNS.

The thiophosphate insecticides (parathion & malathion) are prodrugs. They are 

rapidly activated in insects and vertebrates. Malathion (not parathion)is rapidly 

metabolized by other pathways to inactive products in birds and mammals but

not in insects (considered to be relatively safe).

N.B. Fish cannot detoxify malathion
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5. Cholinesterase reactivators [ oximes]:

Pralidoxime (PAM): [30mg/kg bolus dose then 8mg/kg/hr IV infusion until 

clinical improvement] can break the bond between organophosphates and the 

enzyme, so the enzyme becomes free and hydrolyzes Ach  at the receptors.

Diacetylmonoxime (DAM): like pralidoxime but can cross BBB and reactivate 

central cholinesterase.

6. Diazepam for convulsions, and artificial ventilation for respiratory failure.

Note:

o Early after intoxication and formation of organophosphate-enzyme complex          

spontaneous reactivation of the enzyme can occurs that can be hastened by oximes.

o Within a few hours, the organophosphate-enzyme complex loses one alkyl group renders it 

no longer susceptible to reactivation        ageing. So cholinesterase reactivators should be 

administered as early as possible.
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Classification of Sympathomimetics

Direct-acting: 

 Selective: salbutamol (B2), dobutamine (B1)

 Non-selective: adrenaline, noradrenaline (B & 

alpha receptors)

 Indirect-acting

 Releasing agents (amphetamine)

 Uptake inhibitors (cocaine, tricyclic 

antidepressants TCAs)

 MAO Inhibitors 

Mixed-acting (ephedrine, pseudoephedrine)



6

Sympathomimetics

They are also classified into:

Catecholamines: (adrenaline, NA, 

dopamine, dobutamine, isoprenaline)

Non-catecholamines:

(synthetic alpha-agonists & beta-

agonists, e.g.  phenylephrine, ephedrine, 

amphetamine)



Alpha-stimulants

 Pressor agents:

- Phenylephrine

Mucosal decongestants: 

- Pseudoephedrine, Oxymetazoline

Alpha 2-agonists:

- Clonidine & alpha-methyldopa
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Alpha-stimulants

1- Pressor agents

 These are non-catecholamines that 
increase peripheral vascular resistance 
(PVR) & arterial blood pressure (both 
SBP & DBP)

 They reduce renal blood flow (RBF) &
splanchnic blood flow due to 1-
vasoconstriction
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Phenylephrine

 Is a direct acting, synthetic adrenergic drug

 It has predominantly direct 1-agonist effect, 

a vasoconstrictor & It is used as:

 Pressor agent

Nasal decongestant agent (vasoconstriction)

Mydriatic agent (ophthalmic solutions)

 Vasoconstrictor agent with local anesthetics 

(LA)
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2. Mucosal decongestants:   

Pseudoephedrine, Oxymetazoline

 Oxymetazoline (Otrivin)

 Useful in allergic rhinitis, 

common cold & sinusitis

 Oxymetazoline is used in 

Ophthalmic drops for 

relief of redness of eye 

associated with swimming, 

colds or contact lens 

http://images.google.jo/imgres?imgurl=http://intranasal.net/images/Oxymetazolinespraysmallest.jpg&imgrefurl=http://intranasal.net/Epistaxis/default.htm&usg=__XFdbbeLuFUrEZKc7e22CRxA9jx0=&h=1849&w=1014&sz=70&hl=ar&start=1&um=1&tbnid=1g8jmXUuybRIDM:&tbnh=150&tbnw=82&prev=/images?q=Oxymetazoline&hl=ar&lr=lang_ar&sa=G&um=1
http://images.google.jo/imgres?imgurl=http://intranasal.net/images/Oxymetazolinespraysmallest.jpg&imgrefurl=http://intranasal.net/Epistaxis/default.htm&usg=__XFdbbeLuFUrEZKc7e22CRxA9jx0=&h=1849&w=1014&sz=70&hl=ar&start=1&um=1&tbnid=1g8jmXUuybRIDM:&tbnh=150&tbnw=82&prev=/images?q=Oxymetazoline&hl=ar&lr=lang_ar&sa=G&um=1
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Alpha 2-agonists 

(Clonidine & methyldopa)

Centrally acting antihypertensive drugs:

clonidine & methyldopa (Aldomet)

 These act centrally to produce inhibition of 

sympathetic vasomotor centers, decreasing 

sympathetic outflow to the periphery

Methyldopa is used in hypertension during 

pregnancy

 They are rarely used because of risk of 

rebound hypertension on withdrawal of 

therapy 
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Beta-adrenoceptors (receptors)

Two subgroups 1, 2 

1-adrenoceptors:

 Heart Increase HR, contractility &   

conductivity

 Kidneys Increase renin release
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-Stimulants

1. Selective 2 agonists:

Salbutamol (Albuterol) (Ventolin)

 non-catecholamine

 can be given by inhalation, orally &

injection

 Short acting bronchodilator

 Its t ½ is about 4 hours

 Has a rapid onset of action (acute 

asthmatic attacks)

http://images.google.jo/imgres?imgurl=http://img.alibaba.com/photo/10819784/Ventolin_Salbutamol.jpg&imgrefurl=http://www.alibaba.com/product/sheikhw-10819784-0/productdetail.html&usg=__wBmEtlRv6JJ9bBDKF9GObcyF5b8=&h=617&w=372&sz=21&hl=ar&start=16&um=1&tbnid=3y0otXkYq4YkBM:&tbnh=136&tbnw=82&prev=/images%3Fq%3DSalbutamol%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
http://images.google.jo/imgres?imgurl=http://img.alibaba.com/photo/10819784/Ventolin_Salbutamol.jpg&imgrefurl=http://www.alibaba.com/product/sheikhw-10819784-0/productdetail.html&usg=__wBmEtlRv6JJ9bBDKF9GObcyF5b8=&h=617&w=372&sz=21&hl=ar&start=16&um=1&tbnid=3y0otXkYq4YkBM:&tbnh=136&tbnw=82&prev=/images%3Fq%3DSalbutamol%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1


22

Salmeterol & Formoterol

 is a long acting bronchodilator similar to 

salbutamol with longer t ½ (12 hr)

Have a delay onset of action

 It is useful in prophylaxis of bronchial 

asthma 

Not useful for acute attacks

Not recommended as monotherapy & 

highly efficacious when combine with 

corticosteroid 

http://images.google.jo/imgres?imgurl=http://www.jahanbehbood.com/Jahanbehbood/Portals/0/JahanBehbood/GSK/DSCN1721.jpg&imgrefurl=http://www.jahanbehbood.com/LinkClick.aspx%3Flink%3D102%26tabid%3D94%26mid%3D425&usg=__uOWhDUdpXQQhepaP47DhaXa8xEw=&h=361&w=300&sz=21&hl=ar&start=4&um=1&tbnid=mSHNhiqYI6NcnM:&tbnh=121&tbnw=101&prev=/images%3Fq%3DSalmeterol%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
http://images.google.jo/imgres?imgurl=http://www.jahanbehbood.com/Jahanbehbood/Portals/0/JahanBehbood/GSK/DSCN1721.jpg&imgrefurl=http://www.jahanbehbood.com/LinkClick.aspx%3Flink%3D102%26tabid%3D94%26mid%3D425&usg=__uOWhDUdpXQQhepaP47DhaXa8xEw=&h=361&w=300&sz=21&hl=ar&start=4&um=1&tbnid=mSHNhiqYI6NcnM:&tbnh=121&tbnw=101&prev=/images%3Fq%3DSalmeterol%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
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2. Selective 1-agonist

Dobutamine

- Is a synthetic, direct acting catecholamine

- Inotropic sympathomimetic

- is used in congestive heart failure (CHF) to 

increase cardiac output

- Inotropic support after cardiac surgery

- Septic and cardiogenic shock

http://images.google.jo/imgres?imgurl=http://www.shopmedvet.com/images/uploads/5828_5627_thumb.jpg&imgrefurl=http://www.shopmedvet.com/category/73/8&usg=__QK894NoTLJGYQ6EuGIONpdR3lRw=&h=250&w=250&sz=13&hl=ar&start=5&um=1&tbnid=hNsDYAuWFP6Z0M:&tbnh=111&tbnw=111&prev=/images%3Fq%3DDobutamine%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
http://images.google.jo/imgres?imgurl=http://www.shopmedvet.com/images/uploads/5828_5627_thumb.jpg&imgrefurl=http://www.shopmedvet.com/category/73/8&usg=__QK894NoTLJGYQ6EuGIONpdR3lRw=&h=250&w=250&sz=13&hl=ar&start=5&um=1&tbnid=hNsDYAuWFP6Z0M:&tbnh=111&tbnw=111&prev=/images%3Fq%3DDobutamine%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
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3. Non-selective -stimulants:

Isoprenaline (Isoproterenol)

A synthetic, direct acting drug

 It is a catecholamine with non-selective
1 & 2 agonistic activities

 It increases SBP & HR (1 effect) & 
decreases DBP (2 effect)

 It is rarely used to increase heart rate in 
heart block & to stimulate heart in 
cardiac arrest
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Mixed Alpha & Beta agonists

Adrenaline (Epinephrine)

 It is an endogenous catecholamine

synthesized in adrenal medulla & 

certain areas in brain

Commonly used therapy (drug of 

choice in emergency situations)
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Pharmacodynamic effects

On blood vessels:

Response differs according to site of vessels: 

- Skin, mucous membrane & viscera 

arterioles contain 1 receptors & show 

vasoconstriction

- Skeletal muscle vessels contain mainly 2-

receptors that show vasodilatation
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Therapeutic uses

 Cardiac arrest (cardiopulmonary resuscitation-

CPR)

 Severe allergic reactions (anaphylactic shock & 

angioedema):

 Physiological antagonist to histamine & stabilizer of mast 

cells  

 Vasoconstrictor with LA

 Chronic open angle glaucoma (topically):

vasoconstriction; reduces aqueous humor production & 

IOP
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Noradrenaline (Norepinephrine)

 It has alpha agonist, 1-agonist & weak

2 agonist effects

 It increases both SBP & DBP (potent 1 

effect) 

 It is mainly used to treat shock as a

vasoconstrictor
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Dopamine 

 It is an alpha, beta & dopaminergic agonist 

 Increases renal blood flow due to D1 

vasodilatory effect on renal circulation

 At low dose, activates B1 receptors on heart,  

increases cardiac output, heart rate & BP

 At very high doses, activates alpha  

receptors, causes vasoconstriction

 Is the drug of choice for shock (cardiogenic & 

septic) and is given by continuous infusion to 

improve renal blood flow
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Indirect-acting sympathomimetics

Amphetamines

 Are important because can be misused as 

a central psychostimulants that improve 

mood & alertness

Acts by releasing endogenous NA from 

adrenergic neurons after being taken up 

into neurons

http://images.google.jo/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/7/7a/Ritalin-SR-20mg-full.jpg/398px-Ritalin-SR-20mg-full.jpg&imgrefurl=http://www.thinkingzygote.com/2008_07_01_archive.html&usg=__GRhzNlkIK_IZIw-bnPsgqfVEzXY=&h=600&w=398&sz=32&hl=ar&start=2&um=1&tbnid=I3nuXtAaQChcFM:&tbnh=135&tbnw=90&prev=/images%3Fq%3DAmphetamines%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
http://images.google.jo/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/7/7a/Ritalin-SR-20mg-full.jpg/398px-Ritalin-SR-20mg-full.jpg&imgrefurl=http://www.thinkingzygote.com/2008_07_01_archive.html&usg=__GRhzNlkIK_IZIw-bnPsgqfVEzXY=&h=600&w=398&sz=32&hl=ar&start=2&um=1&tbnid=I3nuXtAaQChcFM:&tbnh=135&tbnw=90&prev=/images%3Fq%3DAmphetamines%26hl%3Dar%26lr%3Dlang_ar%26sa%3DG%26um%3D1
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Therapeutic uses of amphetamines

Narcolepsy (excessive abnormal sleep in 

adults- daytime )

Attention deficit hyperkinetic disorder 

(ADHD) in children (abnormal 

pathological hyperactivity): 

amphetamines improve attention, reduce 

hyperkinesia)
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Direct & indirect sympathomimetics

Ephedrine

Mixed-action drugs induce release of NA 

from pre-synaptic terminals and they 

activate adrenergic receptor on 

postsynaptic membrane

Non-catecholamine



Ephedrine

 It is non-selective agonist, stimulate 

both alpha & beta receptors & its effects 

are similar to that of adrenaline

 Ephedrine raises systolic & diastolic 

blood pressure by vasoconstriction & 

cardiac stimulation

 It causes bronchodilation

 Is give orally
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Therapeutic uses

Bronchial asthma

Mydriatic agent & nasal mucosal 

decongestant 

 Pressor agent in chronic orthostatic 

hypotension

Heart block to increase heart rate




