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                            1: AUTONOMIC NERVOUS SYSTEM 

Learning objectives 

On introducing to this course the learner may have to recapitulate what he has studied in physiology, biochemistry and 
anatomy which play an important role and they all go hand in hand. By exposing to this chapter one will know what is 
meant by autonomic nervous system its anatomical significance, organization, innervations and how they differ 
anatomically and physiologically. 

DEFINITION 

 The autonomic nervous system is  also known as the visceral, vegetative or involuntary nervous system widely 
distributed throughout the body controlling the so called autonomic or vegetative functions. 

 The ANS regulates activity of structures like the smooth muscles, cardiac muscle and secretory glands other than 
endocrine glands. 

 The ANS is responsible for maintaining respiration, blood pressure, heart rate, eye function, gastrointestinal 
activity, urinary output and virtually all visceral functions within well defined, physiologic limits. 

 The ANS mediates the body’s response to emergency situations. 

 ANS conserves energy and maintains homeostasis. 

ANATOMICAL DIVISIONS OF THE NERVOUS SYSTEM 

Organization of the Nervous System: 

 The nervous system is divided into central nervous system and peripheral nervous system. 

 

 

 ANS - involuntary, innervates smooth muscle, cardiac muscle, glands, etc., at neuroeffector junctions. 

 SMS -voluntary, innervates skeletal muscle at neuromuscular junctions. 

AFFERENT FIBRES 

Components: 

http://www.elearnvet.net/moodle/file.php/100/Smatdraw-pictures/ANS.jpg
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 Afferent fibres 
o It is the first link in the reflex arcs of the ANS. 
o Arise from viseral structures 
o Generally non myelinated 
o Cell bodies are in the dorsal root ganglia of spinal nerves and sensory ganglia of cranial nerves 
o Convey information to the brain and then to the system to be acted upon by efferents . 

 Central connections 
o Within CNS afferent information is processed, integrated and responses initiated. 
o The structures involved are: 
o Spinal cord - which directly connect afferents and efferents, mediates reflex changes in blood pressure, 

sweating and micturation 
o Medulla oblongata - which controls blood pressure and respiration 
o Hypothalamus - is the  principal locus of integration, control body temperature, water balance, 

carbohydrate metabolism, sexual reflexes and autonomic emotional responses 
o Cerebral cortex - it controls volitional changes and conditioned autonomic responses. 

EFFERENT FIBRES 

 In efferent fibres two neurons (Preganglionic and Post ganglionic fibres) + effector cells / target organs are 
generally involved. 

 Preganglionic fibres 
o Exit the spinal cord and terminate in ganglia 
o Acetylcholine (ACh) is the neurotransmitter released by the preganglionic nerves in autonomic ganglia. 

This connection is known as nicotinic cholinergic synapse. 

 Postganglionic fibres 
o Exit from ganglia and innervate the effector cells /organs 
o Neurotansmitters released at the neuroeffector junctions depending on the innervation  

 ACh mediates muscarinic cholinergic transmission 
 Norepinephrine mediates adrenergic transmission 

o Adrenal medulla is an exception embryologically where ganglionic transmission causes release of 
epinephrine ( adrenaline) into the blood 

DIVISIONS OF THE ANS 

ANS comprises of Parasympathetic and Sympathetic divisions. 

Parasympathetic Nervous system Click to view the animation...  

 Craniosacral outflow - Preganglionic fibres originate in the midbrain ( 3rd (oculomotor) cranial nerve), medulla 
oblongata (7th (facial), 9th(glossopharyngeal) and 10th (vagus) cranial nerves) and 2nd - 4th segments of sacral 
spinal cord. 

 Preganglionic fibres are long and usually synapse on or within the target organ in the ciliary ganglion (3rd cranial 
nerve), submandibular ganglia (7th cranial nerve) otic ganglion (9th cranial nerve), terminal ganglia in the 
heart, lungs, liver, spleen, GI tract, kidney (10th cranial nerve) 

 Innervation is discrete, with preganglionic to postganglionic ratio of 1:1 

 Postganglionic fibres are short and innervate target organs: 
o cranial division innervates the eye, salivary glands, heart, bronchi, gastrointestinal tract 
o sacral division innervates bladder, colon, urinary and rectal sphincters and genital organ 

Sympathetic nervous system Click to view the animation...  

 Thoracolumbar outflow - preganglionic fibres originate in the intermediolateral columns of spinal cord from 
the 1st thoracic to the 3rd lumbar vertebrae 

 Preganglionic fibres are short and usually synapse well before the target organ in either: 
o Vertebral (Paravertebral) ganglia which include the cervical ganglia, consisting of 22 pairs on either side 

of vertebral column 

http://www.elearnvet.net/moodle/file.php/100/Animations/Corrected_animations/0332_VPY121_Parasympathetic_nervous_System.swf
http://www.elearnvet.net/moodle/file.php/100/Animations/Corrected_animations/0331_VPY121_Sympathetic_nervous_System.swf
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o Prevertebral ganglia in abdomen (celiac, cranial and caudal  mesenteric) 
o Innervation is diffuse, with preganglionic to post ganglionic ratio upto 1: 20 
o Postganglionic fibres are long and innervate target organs 
o Fibres from vertebral ganglia innervate blood vessels, the eyes, salivary glands, heart, bronchi, sweat 

glands and hair follicles. 
o Fibres from prevertebral ganglia innervate the stomach, intestine, bladder, urinary and rectal sphincters 

and genital organs. 

 Adrenal medulla is embryologically and functionally a sympathetic ganglion; innervated by typical sympathetic 
preganglionic neurons 

 COMPARISON 

 

Criteria Sympathetic Nervous System Parasympathetic Nervous System 

Outflow from CNS Thoracolumbar Craniosacral 

Ganglia Paravertebral; prevertebral close to CNS; 
a few intramural ganglia close to organ 

Intramural ganglia-close to effector organ 

Ratio of 
preganglionic:postganglionic 

Preganglionic neurons synapse with 
many postganglionic neurons. Diffuse 
(1:20) 

Preganglionic neurons synapse with few 
postganglionic neurons. Discrete (1:1) 

Function “Fight or flight” / energy is spent Conservation of energy / “Live and let live” 
/ "Rest and digest" 

Effectors Smooth and cardiac muscle, glands Generally the same as Sympathetic 

Transmitters ACh (ganglia), NE ( Neuroeffector 
junction) 

ACh (both at ganglia and at neuroeffector 
junction) 

 
Note: Evisceration of parasympathetic outflow is life treatening unlike sympathetic outflow. 

2: ORGANIZATION OF ANS 

Learning objectives 

 At the end of this module the learner will be knowing about the role of sympathetic and parsympathetic nervous 
system activity  on various visceral structures.   

 Distribution of cholinergic and adrenergic nerves and their effects of innervation on different organs. 

EFFECTS OF SYMPATHETIC OR PARASYMPATHETIC TONE 

 

Site Predominant Tone 

 Arterioles  Sympathetic (Adrenergic) 

 Veins  Sympathetic (Adrenergic) 

 Heart: atrium  Parasympathetic (Cholinergic) 
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 SA node 

 Ventricle 

 Parasympathetic (Cholinergic) 

 Sympathetic (Adrenergic) 

 Iris  Parasympathetic (Cholinergic) 

 Ciliary Muscle  Parasympathetic (Cholinergic) 

 G.I. Tract  Parasympathetic (Cholinergic) 

 Urinary Bladder  Parasympathetic (Cholinergic) 

 Salivary Gland  Parasympathetic (Cholinergic) 

 Sweat Glands  Sympathetic (Adrenergic) 

 In organs receiving both sympathetic and parasympathetic innervations the effects of the two divisions are 
usually opposed or antagonistic. Example: Heart, bladder, bronchi, GI tract (even in these organs one 
division is usually predominant) 

 In organs receiving dual innervations with the influences of the two divisions in the same direction and effects 
are complementary. Example: salivary glands ( salivary secretion is viscous and scanty with sympathetic tone 
and profuse and watery with parasympathetic tone) 

 In organs receiving only single innervations from one or the other division of ANS, the neuronal control  level of 
function is by increasing or decreasing activity. 

 There are no parasympathetic innervations to systemic blood vessels, erector pili, sweat glands, adrenal gland 
and plain muscle of the upper eyelid and nictitating membrane 

 In some organs, the control of functions is regulated by, the opposing branches of the ANS. But  each branch 
exerts its activity on different cells. Example: pupil. 

 The dilator and constrictor muscles of the pupil are kept in a state of tonic contraction by the sympathetic and 
parasympathetic nerves respectively. 

 In dim light, the pupil dilates because of reduced activity in the parasympathetic supply. 

 In a frightened animal the pupil dilates even in bright light, due to increased activity in the sympathetic nerve 
fibres. 

CHOLINERGIC AND ADRENERGIC 

Cholinergic 

 All motor nerves to skeletal muscle 

 All preganglionic autonomic nerves (including those to adrenal medulla) 

 All postganglionic parasympathetic nerves 

Adrenergic 

 Most postganglionic sympathetic nerves 

 Innervations to cardiovascular system 
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SELECTED EFFECTS ON DIFFERENT ORGANS 

 
 

Structure Sympathetic Activation Parasympathetic 
Activation 

Iris (Radial 
Muscle) 

(Sphincter 
Muscle) 

Pupil dilated 

--- 

--- 

Pupils constricted 

Glands 

Lacrimal 

--- 

Increased lacrimation  

Increased secretion 

Increased lacrimation 
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Salivary secretion 

Sweat 

Scanty viscous  and thick secretion  

in the palms 

Generalized secretion - 
copious watery secretion  

Heart 

Rate 

Force (Ventricles) 

Increased 

Increased  

Decreased 

Decreased 

Blood Vessels Constiction (generally) 

Dilation (large blood vessels) 

Slight effect; Dilation in 
some 

Bronchi 

Intestine 

Dilated 

Tone & motility decreased 

Constricted 

Tone & motility increased 

Adrenal Medulla Secretion of epinephrine 
and norepinephrine 

--- 

Sex Organs Vasoconstriction, Contraction of vas 
deferens, Seminal vesicle and Prostatic 
musculature (ejaculation) 

Vasodilatation & erection 

 

3: NEUROHUMORAL TRANSMISSION 

Learning objectives 

 This module will give an insight into chronological events taken place in elucidation of neurohumoral 
transmission 

 What is meant by neurohumoral tranmission? 

 The various events that take place in neurohumoral transmission. 

 Synthesis, release and receptor events that take place after release of neurotransmitter and at last the fate of the 
neurotransmitter. 

 CHRONOLOGICAL EVENTS OF SCIENTIFIC EXPLORATION (NEUROHUMORAL 
TRANSMISSION)  

Lewandousky (1899) Administered extracts of the adrenal glands pointed towards the concept of chemical 
transmission 

Elliott (1904-05) Worked out similarities between stimulation of sympathetic nerves, administration of adrenal 
extracts and epinephrine 

Dixon (1907) Similarity between muscarine alkaloids and vagal stimulation 

Sir Henry Dale (1914) Similarities between choline esters and Ach coined "muscarinic and nicotinic" 

Otto Loewi (1920) Obtained first real proof of chemical neurotransmissions 

Noble Laureates 

Dale (1936) Fundamental contributions to concept of chemical Neurotransmission 
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Loewi (1936) First proof of chemical neurotransmission 

Eccles (1963) Major electrophysiological contributions to nerve transmission 

Axelrod (1970) Established the major ways of inactivation of catecholamines 

Von Euler ( 1970) Established norepinephrine as neurotransmitter of adrenergic nerves 

Katz (1970) Important electrophysiological observations and concept of quantal release 

Sutherland (1972) Co-discoverer of cyclic AMP 

Black (1988) β-blockers 

Gilman (1994) G-proteins 

Rodbel (1994) G-proteins 

Furchgott (1998) Nitric Oxide 

Murad (1998) Nitric Oxide 

Ignarro (1998) Nitric Oxide 

Carlsson (2000) CNS neurotransmission 

Greengard (2000) CNS neurotransmission 

Kandel (2000) CNS neurotransmission 

 

NEUROHUMORAL TRANSMISSION 

Neurohumoral transmission implies that nerves transmit message across a synapse and neuroeffector junction by the 
release of humoral or chemical messengers. 

The main events involved in neurohumoral transmission can be subdivided into: 

 Axonal conduction. 

 Synthesis and release of neurotransmitter. 

 Receptor events. 

 Catabolism of neurotransmitter . 

AXONAL CONDUCTION 

 This refers to passage of impulse along a nerve fiber. Click to view the animation... 

 It is dependent on selective changes in the permeability of the axonal membrane to the electrolytes. 

 At rest the membrane potential is approximately - 85 mV in the axons. 

 Electro negativity of the resting membrane potential is due to leaking of potassium ions against the 
concentration gradient from intracellular to extracellular.   

 An action potential reflects a reversal of the polarization state present at rest and is the result of permeability 
changes that occur at the axonal surface as an impulse is propagated along a nerve fiber. 

 A supra threshold stimulus initiates a localized change in the permeability of the axonal membrane. Suddenly, 
permeability of the fiber to Na+ is greatly increased in relation to K+.  Na+ moves inward in the direction of its 
large electrochemical gradient. 

 The positively charged Na+ increases in concentration within the axon, the membrane potential moves from -85 
mV towards zero and then overshoots to the extent that momentarily the inside of the fiber is positive in relation 
to the exterior of the cell. 

 Repolarisation of the membrane occurs rapidly as the selective permeability characteristics of the axonal 
membrane are quickly re-established. 

http://www.elearnvet.net/moodle/file.php/100/Animations/0010_VPT321_Generation_of_action_potential.swf
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 The axon once again becomes relatively impermeable to Na+ and relatively more permeable to K+ and the 
negativity of the interior is quickly re-established. 

 Though the changes associated with an action potential are extremely short lived, they elicit similar alterations 
in membrane function in immediately adjacent quiescent areas of the axon. 

 Thus the action potential is self propagating and in this manner an action potential is conducted along the 
axonal fiber. Click to view the animation... 

 The axonal membrane is refractory for a brief interval after the passage of an action potential, thereby 
preventing antidromic and excess impulse traffic. 

 Axonal conduction is insensitive to most drugs. 

                                          

                                                     Event in the generation of action potential 

 

SYNTHESIS AND RELEASE OF NEUROTRANSMITTER 

 Depending on the type of innervation the specific neurotransmitter is synthesized and stored (in  granules / 
vesicles ) in the nerve terminal. 

 Release of the neurotransmitter substance is triggered by the arrival of axonal action potential. Refer for 
neurotransmitter release... 

 Ca++ acts to link or couple the excitation of the membrane with discharge of neurotransmitter from the nerve 
terminal. 

 The sources of Ca++ are believed to be the interstitial space and/or superficial membrane binding sites at the 
axonal terminal. 

 The action potential initiates an inward movement of Ca++ into the nerve terminal from these sites. 

http://www.elearnvet.net/moodle/file.php/100/Animations/0773_VPY121_Propageation_of_action_potential_in_a_nerve.swf
http://www.elearnvet.net/moodle/mod/resource/view.php?id=6515
http://www.elearnvet.net/moodle/mod/resource/view.php?id=6515
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 Inward movement of Ca++ somehow triggers exocytotic discharge of neurotransmitter from the vesicles into the 
junctional cleft. 

 In contrast the neurotransmitter, nitric oxide is not stored in synaptic vesicles. Nitric oxide is highly lipophilic 
and it rapidly diffuses to effector cells. This nitric oxide formation is also activated by Ca++ through the enzyme 
nitric oxide synthase. 

RECEPTOR EVENTS 

 After rapid migration of neurotransmitter across the cleft, the mediator substance bind with the receptive areas 
on the pre or postsynaptic membrane. 

 Receptor events caused by interaction of transmitter substance with the receptor may be of two general types, 
excitatory or inhibitory. 

 In excitatory response (EPSP-Excitatory post synaptic potential), there is a sudden depolarization of post 
synaptic membrane characterized by the net inward movement of  sodium and eflux of potassium ions along 
their respective concentration gradient. 

 An (IPSP-inhibitory post synaptic potential) occurs when the neurotransmitter initiates a selective increase in 
permeability of the post synaptic membrane to only smaller ions (eg: K+, Cl-).  The resulting hyperpolarization 
increases the threshold to stimuli and in effect elicits an inhibitory response to the cell. 

CO - TRANSMISSION 

 It was believed that there is One neuron – One transmitter model which  is an oversimplification. 

 Many peripheral and central neurons have been shown to release more than one active substance when 
stimulated. 

 Cholinergic and adrenergic neurons elaborate ATP, Purines, Peptides, VIP, Neuropeptide Y, Substance P, 
Enkephalins and prostaglandins as co - transmitters. 

 Co - transmitter is not stored in the same neuron, but in distinct synaptic vesicles or locations. 

 On being released by the nerve impulse, it may serve to regulate the presynaptic release of the primary 
transmitter and/or post synaptic sensitivity to it. 

CATABOLISM OF NEUROTRANSMITTERS 

 Norepinephrine is metabolized both by intraneuronal and extraneuronal enzymes. 

 However the uptake of norepinephrine into the adrenergic nerve terminal and diffusion of norepinephrine away 
from the receptor sites are the important pathways of termination of activity. 

 Extraneuronal acetylcholine is rapidly hydrolyzed by acetylcholinesterase, a quite specific enzyme localised in 
close proximity to the synaptic cleft. 

 Nitric oxide is a highly reactive free radical that undergoes oxidation within seconds to nitrites and nitrates. 

Note 

 Nerves releasing acetylcholine are termed as cholinergic and nerves releasing nor epinephrine are termed as 
adrenergic. 

 In addition to these nonadrenergic non cholinergic (NANC) transmission also occurs. 

 The transmitter responsible for transmission at NANC is nitric oxide. NANC has been demonstrated in gut, vas 
deferens, urinary tract, salivary glands and certain blood vessels. 

 The supply to genitalia is parasympathetic, but acetylcholine is not the transmitter. It may be nitric oxide that is 
responsible for penile erection. 

4: CHOLINERGIC PHARMACOLOGY - I 

Learning objectives 

 This modue will explicit in detail about cholinergic neurotransmission, 
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 Synthesis, storage, release and catabolism of acetylcholine 

CHOLINERGIC NEUROTRANSMISSION 

 Acetylcholine is the neurotransmitter substance at the parasympathetic neuroeffector junctions, autonomic 
ganglia, adrenal medulla, somatic myoneural junctions and probably in certain CNS regions. 

 Neurohumoral transmission processes seem to be basically quite similar at all cholinergic junctions. 

SYNTHESIS, STORAGE AND DESTRUCTION OF ACETYLCHOLINE 

 Acetylcholine is synthesized locally in the cholinergic nerve endings by the following pathway.                        

                       

 Choline is actively taken up by the axonal membrane and acetylated with the help of ATP and coenzyme-A by 
the enzyme choline acetylase present in the axoplasm. 

 Uptake of choline is the rate limiting step. This uptake is blocked by Hemicholinium and depletes acetylcholine. 

 Most of the acetylcholine is stored in ionic solution within small synaptic vesicles. But some free acetylcholine is 
also present in the cytoplasm of cholinergic terminals. 

 Transport of acetylcholine into the synaptic vesicles is blocked by the drug vesamicol. 

 Depolarization permits the influx of Ca++. This Ca++ facilitates the fusion of axonal and vesicular members at 
active zones resulting in extrusion of the contents. Ca++ ionophores can also stimulate release of acetylcholine. 
Mg ++ inhibits the relase of acetylcholine. 

 Release of acetylcholine from the nerve terminals occurs in small quanta – amount contained in individual 
vesicles is extruded by exocytosis. In response to a nerve action potential, synchronous release of multiple 
quanta triggers postjunctional events. 

 Two toxins,  Botulinum toxin inhibits release and causes paralysis. Black widow spider venom induces massive 
release. 

 Immediately after release, acetylcholine is hydrolysed by the enzyme cholinesterase. 

 

http://www.elearnvet.net/moodle/mod/resource/view.php?id=25830
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 It is stated that acetylcholine is removed in a flash like suddenness. 

 Hydrolysis of acetylcholine produces choline and acetate. 

 Choline is actively taken up into the prejunctional nerve cell and recycled. There are two types of 
acetylcholinesterases viz., True and Pseudo acetylcholinesterases. 

 

TRUE AND PSEUDO ACETYLCHOLINESTERASES 

 True Cholinesterase Pseudo Cholinesterase 

Distribution All cholinergic nerve sites, RBC, gray matter Plasma, liver, intestine, white matter 

 

Acetylcholine Hydrolysed very fast Hydrolysed slow 

Methacholine Hydrolysed slower than Ach Not hydrolysed 

Benzoylcholine Not hydrolysed Hydrolysed 

Butyrylcholine Not hydrolysed Hydrolysed 

Inhibition More sensitive to physostigmine More sensitive to organophosphates 

Function Termination of acetylcholine action Hydrolysis of ingested esters 

 

ACETYLCHOLINESTERASE 

 

 

 

5: CHOLINERGIC PHARMACOLOGY - II 
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Learning objectives 

This module will deal in detail about muscarinic receptors and nicotinic receptors, their subtypes, distribution and their 
pharmacological responses on various structures. 

CHOLINERGIC RECEPTORS 

Cholinoceptors 

Cholinergic receptors are of two types - Muscarinic and Nicotinic. 

 Muscarinic receptors are named after Amanita muscaria are G protein coupled receptors. 

 Nicotinic are ligand gated ion channel receptors. 

MUSCARINIC RECEPTORS 

 These receptors are named because of their activity related to muscarine, an alkaloid. 

 These  are  G - protein receptors and binding of acetylcholine to muscarinic receptors can cause an inhibition of 
adenylcyclase, activation of phospholipase C leading to formation of DAG or IP3 and /or changes in ion channel 
activity. 

 These receptors are blocked by atropine an alkaloid obtained from Atropa belladona. 

 They are located primarily on the autonomic effector cells in the heart, blood vessels, eye, smooth muscles and 
glands of gastrointestinal, respiratory and urinary tracts, sweat glands etc. and in the central nervous system. 

 Subsidiary muscarinic receptors are also present in the autonomic ganglia where they appear to play a 
modulatory role by inducing a long lasting late EPSP. 

 Muscarinic autoreceptors are present prejunctionally on the post ganglionic cholinergic nerve endings. 
Activation of these receptors inhibits further release of acetylcholine. 

 There are five Muscarinic receptor subtypes M1, M2, M3, M4 and M5. 

 Of these receptors, M1, M2 and M3 are important. 

 MUSCARINIC RECEPTOR SUBTYPES 

 M1 M2 M3 

Location and 
function subserved 

Autonomic ganglia – 
depolarization 

(Late EPSP) 

Gastric glands – histamine 
induced release of acid secretion 

CNS – no precise activity is 
documented till date 

SA node – 
hyperpolarization 

Decreased rate of impulse 
generation 

AV node – decreased 
conduction velocity 

Atrium – decreased 
contractility 

Ventricles – decreased 
contractility 

Visceral smooth 
muscle – contraction 

Exocrine glands – 
increases secretion 

Nature G -protein G -protein G -protein 

Agonist Oxotremorine Methacholine Bethanechol 
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Antagonist Pirenzepine Methoctramine - 

 

NICOTINIC RECEPTORS 

 These receptors are named for their selective activation by nicotine. 

 They belong to the super family of ligand-gated ion channels. Binding of acetylcholine causes rapid opening of a 
nonselective cation channel, which depolarises the postsynaptic or postjunctional cell. 

 Nicotinic receptors are activated by nicotine and blocked by d-tubocurarine or hexamethonium. 

 There are two sub types of nicotinic receptors. They are NM and NN receptors. 
o NM receptors are present in the skeletal muscle motor end plate. They mediate skeletal muscle 

contraction. These receptors are stimulated by phenyl trimethyl ammonium and blocked by d-
tubocurarine. 

o NN receptors are present in the parasympathetic and sympathetic ganglia, adrenal medulla, spinal cord 
and certain areas of brain. These receptors are also stimulated by phenyl trimethyl ammonium and 
blocked by hexamethonium. 

               6: CHOLINERGIC PHARMACOLOGY - III 

Learning objectives 
A broad insight on cholinergic pharmacology, classification of  cholinergic drugs, their pharmacological effects and 
therapeutic utility are dealt in this module. 

CHOLINERGIC DRUGS 

 Drugs that produce actions similar to acetylcholine (ACh) either by interacting with cholinergic receptors or by 
increasing availability of ACh at the receptor sites. 

 The term cholinomimetic indicates an acetylcholine like effect at all cholinergic sites in the body including 
parasympathetic nerves, somatic nerves, CNS and autonomic ganglia. On the other hand the term 
parasympathomimetics denotes the action of ACh in the organs innervated by parasymapathetic nervous system 
(smooth muscle, heart and glands) . 

 However, both the terms are used interchangeably and majority of drugs produce action at muscarinic receptor 
at much lower concentration than that needed to produce nicotinic effects 

CLASSIFICATION OF CHOLINERGIC DRUGS 

Directly acting drugs ( act directly either on muscarinic or nicotinic  receptors) 

 Choline esters: Acetylcholine, Methacholine, Carbachol, Bethanechol 

 Alkaloids: Muscarine, Pilocarpine, Arecoline 

Indirectly acting drugs (act by inhibiting acetylcholinesterase and thereby increasing the concentration of Ach at 
parasympathetic nerve endings) 

 Reversible inhibitors of cholinesterase: Physostigmine, Neostigmine, Edrophonium . 

 Irreversible inhibitors of cholinesterase: Organophosphorus compounds like  Di-isopropyl 
flurophosphate, Tetra ethylpyrophosphate, Parathion, Malathion, Sarin etc., 

PHARMACOLOGICAL EFFECTS OF CHOLINE ESTERS 

Cardiovascular system 

 In small doses when acetylcholine is administered intravenously, it produces a rapid fall of systolic and diastolic 
blood pressure due to decrease in peripheral resistance. 

 Vascular smooth muscle relaxation and dilatation of blood vessels is noticed. 
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 Muscarinic receptors of blood vessels are located in the endothelium rather than the smooth muscle. 

 Endothelial receptor activation releases EDRF (nitric oxide), which is also responsible for vasodilatation and 
decrease in peripheral resistance 

 Larger doses produce prolonged muscarinic effects and therefore a pronounced decrease in peripheral 
resistance and blood pressure. 

 Heart rate is reduced. 

  A negative chronotropic and inotropic effect. 

Smooth muscles 

 Gastrointestinal motility and secretions are increased. This effect is not noticed with small doses, as the 
duration of action is short. 

 Urinary bladder and uterus are contracted. 

 Bronchial smooth muscle contraction is also observed. Bronchial secretions are also increased. 

CNS 

 Acetylcholine is lipophobic and hence poorly  penetrate   cell membrane and blood brain barrier. 

 By direct injection into the brain, excitation and convulsions are noticed. 

Eye 

 Contraction of the sphincter muscles of the iris causing miosis and constriction of the ciliary muscle leading to 
accommodation of near vision. 

 Acetylcholine helps in the drainage of intraocular fluids and reduction of intraocular pressure. 

Exocrine glands 

 Stimulation of salivation (watery), lacrimation and generalized (sympathetic) sweating (except in horse) result 
due to acetylcholine action on the exocrine glands. 

Adrenal medulla 

 Release of norepinephrine and epinephrine . 

Nicotinic effects at the neuromuscular junction 

 Acetylcholine will cause contraction of skeletal muscle. 

 Prolonged exposure and high doses cause tremors and fasciculations which terminate in depolarising paralysis 
due to inactivation of sodium channels and desensitisation of nicotinic receptors. 

Nicotinic effects at autonomic ganglia 

 These effects are evident only at very high doses of acetylcholine where muscarinic effects on the heart may be 
lethal unless a muscarinic antagonist such as atropine is present. 

  Responses reflect the sum of parasympathetic and sympathetic effects. Generally sympathetic responses 
predominate with gastrointestinal and urinary tract responses as exceptions. 

 In general the effect is an increase in blood pressure, tachycardia and other sympathetic responses. In the 
presence of atropine, only the sympathetic effects are noticed. 

Differences between various choline esters 

Receptor specificity 
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Choline 
esters 

 
Sustibility to 

ChE 

Muscarinic Nicotinic 

 
Antagonisity by 

atropine AChE BChE CVS GIT URINARY 
TRACT 

EYE  

Acetylcholine +++ +++ ++ ++ ++ + ++ +++ 

Bethanechol - - +- +++ +++ ++ - +++ 

Carbachol - - + +++ ++++ ++ +++ + 

Methacholine ++ - +++ ++ ++ + + +++ 

Methacholine 

 In this drug there is substitution at the beta carbon of choline with methyl group. 

 This drug is more active on the CNS than gastrointestinal system. 

 Duration of action is more as it is not hydrolysed fast like acetylcholine and is not acted upon by 
pseudocholinesterase. 

 Methacholine exhibits very few agonistic properties at nicotinic receptors. 

 This drug is considered as a parasympathomimetic as its activity is less at the nicotinic receptors. Its action is 
potentiated by anticholinesterases. 

Carbachol 

 In this drug acetic moiety is substituted with carbamyl group. Both muscarinic and nicotinic receptors are 
activated by this drug and the pharmacological effects are similar to acetylcholine. 

Bethanechol 

 In this drug the acetic moiety is substitutes with carbamyl group and at the beta carbon there is substitution 
with methyl group. It is similar to methacholine and carbachol in pharmacological activity. 

 Both carbachol and bethanechol are not acted upon by acetylcholinesterases. Their duration of action is more. 

 Carbachol acts on both muscarinic and nicotinic receptors and hence is known as cholinomimetic. 

 Bethanechol is only a muscarinic agonist. 

 Both these drugs are active on smooth muscle of the gastrointestinal tract, bladder than the cardiovascular 
system. 

Pharmacological effects 

Cardiovascular system 

 Methacholine is more active. 

 Depression and slowing of the heart due to muscarinic receptor activation are noticed. 

 Conduction velocity in the AV node is decreased and may lead to atrial fibrillation. 

 Large doses may produce heart block. These effects can be blocked by atropine. 

 Carbachol is less potent on the cardiovascular system. 

 Bethanechol has no cardiovascular effects. 

Gastrointestinal tract 

 Carbachol and bethanechol are more active. 

 Methacholine acts on the gastrointestinal tract only in large doses. 

 Carbachol induces profuse salivation, increases peristaltic movements, defecation with fluid faeces. 
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 More pronounced effects are observed in single stomached animals than ruminants. 

Other smooth muscles 

 Uterine contractions are exhibited by carbachol. This effect is more evident during the later periods of gestation. 
It can be used after parturition to expel the uterine contents. 

 Constrict bronchioles. 

 Carbachol and bethanechol cause contraction of the bladder leading to frequent micturition. 

Skeletal muscle 

 In high doses carbachol induces fasciculation and paralysis. Bethanechol and methacholine have no nicotinic 
effects. 

Other effects 

 Carbachol, like acetylcholine stimulates adrenal medulla and releases epinephrine. 

DIRECTLY ACTING CHOLINOMIMETICS 

 These drugs act directly on cholinergic receptors and produce the effects like ACh, these act on effector organs 
innervated by parasympathetic nerve fibres and also in those organs not innervated by parasympathetic nerve 
fibers , but have cholinergic receptor like skeletal muscles and blood vessels 

Choine esters (cholinomimetic esters) 

 These are esters of choline. ACh as such has no therapeutic value because   of lack of specificity and its rapid 
hydrolysis by choline esterase enzyme. However, Ach is prototype of the drugs in this group. 

Mechanism of action Ach 

 Acts on both muscarinic and nicotinic receptors. The quaternary nitrogen group of ACh with positive charge 
electrostatically binds with the anionic site    of cholinergic receptors. The intervention of quaternary nitrogen in 
the anionic site    of the receptor causes a conformational changes that leads to alterations in membrane 
permeability to one or more of variations such as K+, Na+, Ca2+, and /or Cl-.  This in turn causes either 
hyperpolarization in some tissues (Eg: Myocardial pacemaker cells) or depolarization (eg. Smooth muscles of 
the GI tract). 

Pharmacological effects 

 Depending on the receptors through which action mediates its effects, peripheral actions  of ACh are categorized 
into muscarinic or nicotinic effects 

Muscarinic effects 

 These actions of ACh are akin to those produced by the mushroom alkaloid “muscarine”. these effects are 
evident in cardiovascular system smooth muscles and exocrine glands, where muscarinic receptors are present. 

Cardiovascular system 

 Blood vessels 
o Injected with ACh causes dilatation of all blood vessels, even though most the blood vessels do not 

receive cholinergic innnervation. This action mediated through M3 subtype of muscarinic receptors 
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located on the endothelial cells. Stimulation of these receptors results in release of NO from endothelial 
cells and the NO then diffuses in to the adjacent smooth muscles. 

Blood pressure 

 IV administration of small doses of ACh produces a rapid fall BP due to vasodilatation. Large doses, however 
produce an increase in BP by stimulation of nicotinic receptors in autonomic ganglia and adrenal medulla. This 
effect is particularly evident when muscarinic receptors are blocked by atropine prior to administration of ACh. 

Heart 

 Injected ACh decreases the heart rate and force of contraction. Decrease in force of contraction is mainly evident 
in atrial muscle as ventricles have only limited parasympathetic innervations ACh also decreases the rate of 
conductions in SA and AV nodes. Cardiac output decreases mainly due to decrease in the force of contraction. 

Non-vascular smooth muscles 

 ACh causes contraction of all non-vascular smooth muscles. ACh increases the tone and motility of stomach and 
intestines and relaxes the sphincters. ACh also increases secretions in the GI tract. 

 Contractile effect is also observed in uterus, gall bladder and bronchi. In the urinary bladder the detrusor 
muscle contracts while the bladder trigone and sphincter relax leading to urination. 

CHOLINOMIMETIC ALKALOIDS 

 Cholinomimetic alkaloids  stimulate the muscarinic receptors of cells innervated by post ganglionic cholinergic 
nerves. They are also effective in chronically denervated tissue and are not dependent upon endogenous 
acetylcholine. 

 Pilocarpine, muscarine and arecoline are naturally occuring parasympathomimetic alkaloids with minimal 
nicotinic effects. 

Pilocarpine 

 It is obtained from Pilocarpus jaborandi and Pilocarpus microphyllus. 

 It is a potent parasympathomimetic. 

 It produces all the muscarinic responses of acetylcholine. 
 Increases secretion of exocrine glands - salivary, sweat, mucous, gastric, pancreatic secretions. 
 Causes contraction of the gastrointestinal tract smooth muscles and increases peristalsis. 
 Pupillary constriction is the most important effect observed. 

Arecoline 

 It is obtained from Areca catechu. 

 It has some nicotinic agonistic activity. 

 It has been used as an anthelmintic to paralyze tapeworms. 

 Acts on the muscarinic receptors of effector cells of glands, smooth muscle and myocardium. It is more potent 
than pilocarpine. 

 Depresses the heart rate and blood pressure and causes dyspnoea. 

  Secretions of the glands of the digestive tract are increased and peristalsis is also increased 

Muscarine 

 It is obtained from the mushroom Amanita muscaria. 

 It is a potent parasympathomimetic. 
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 It is not used clinically. If taken accidentally, the toxic effects include severe colic, diarrhoea, exocrine 
secretions, miosis, dyspnoea, hypotension and bradycardia. 

 The antidote of choice is atropine. 

 Oxotremorine is a synthetic agent. 

THERAPEUTIC USES OF CHOLINE ESTERS 

 Glaucoma - Carbachol and methacholine are used as eye drops to decrease intra ocular pressure. Methacholine 
is administered with a cholinesterase inhibitor like neostigmine. 

 Gut hypomotility and urinary retention - In post operative and post partum cases to increase the gut motility 
and urinary bladder contraction these drugs are useful. 

 Atrial tachycardia - Bethanechol is systemically administered to inhibit atrial pace maker activity. 

 Diagnosis of atropine poisoning - Methacholine is given subcutaneously to test for the loss of flush/sweating or 
miotic response when atropine poisoning is suspected. 

 Colic and impaction of intestinal tract - While using carbachol for this purpose care should be taken to rule out 
obstruction, as use of carbachol in obstruction may lead to rupture. Repeated small doses can be given to horses 
in colic. In ruminal atony and impaction it can be given, however higher doses may inhibit rumenoreticlular 
activity. 

7: ANTICHOLINESTERASE 

 

Learning objectives 
This module covers 

 What are different types of anticholinesterases that exist? 

 Classification 

 Therapeutic uses 

 OPC poisoning 

 Clinical significance  

 Management of OPC poisoning 

ANTICHOLINESTERASE 

 Anticholinesterases inhibit cholinesterase enzyme and protect acetylcholine from hydrolysis , thereby increasing 
the concentration of ACh at cholinergic sites. 

CLASSIFICATION 

 Reversible anticholinesterases - Physostigmine (eserine), neostigmine, pyridostigmine, ambenonium, 
edrophonium, demecarium, carbamates  and tacrine 

 Irreversible anticholinesterases - Organophosphorus compounds like dichlorvos, parathion, malathion, 
diazenon, carbaryl, echothiophate,  and nerve gases used in chemical warfare like tabun, sarin and soman. 

REVERSIBLE ANTI CHOLINE ESTERASE AGENTS 

 These drugs form reversible complex with AChE , leading to temporary inhibition of enzyme. Depending on 
chemical structure these drugs are sub grouped in to: 

o Quaterinary ammonium compounds. Eg. Neostigmine, Pyridostigmine, Edorphonium 
o Tertiary amine alkaloids. Eg. Physostigmine 
o Acridine derivatives. Eg. Tacrine 
o Carbamates. Eg. Carbaryl, Carbofuran, Aldocarb 

Mechanism of Action 
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 Reversible choline esterase transiently inhibits the AChE and hence delay the hydrolysis of AChE. 

 AChE possesses two active sites: an anionic (negatively charged) binding sites and esteratic sites. 

 The anionic site electrostatically binds with cationic nitrogen of Ach and the esteratic site binds to the carboxyl 
position of ACh, forming the enzyme substrate complex. 

 This complex then leaves the acetylated enzyme after the release of  choline. 

 The enzyme is then regenerated with in microseconds by forming acetic acid (after reaction with water), freezing 
the esteratic sites. 

 The reversible choline esterase inhibitors like physostigmine, neostigmine etc., bind with AChE like ACh, but 
are hydrolysed at very slow rates and rate of regeneration of enzyme is 10-6 times slower than acetyl choline 
because of carbamylated enzyme. 

Edrophonium 

 A short acting reversible choline esterase inhibitor differs from other drugs in this group. Edrophonium 
primarily binds with the anionic site of AChE and reactivation of Edrophonium inhibited enzyme doesn’t 
involve its hydrolysis. 

 Accordingly the duration of edrophonium is very shortened it is less potent. 

Neostigmine 

 It is a synthetic quaternary ammonium compound with rigid onset of action 

 The pharmacological properties of neostigmine resemble those of acetyl choline. Neostigmine in addition to 
inhibiting AchE , can also directly stimulates the nicotinic receptors. 

 The action on nicotinic receptors is stronger than on the muscarinic receptors, and hence its skeletal muscle 
effects are more predominant. Thus Neostigmine has powerful anticurare effect. 

 Neostigmine is not absorbed when given orally and is not able to penetrate the BBB. 

 It is metabolized in the liver and also hydrolyzed plasma choline esterase and excreted in urine. 

 Neostigmine is contraindicated in late pregnancy, intestinal and urinary obstruction, bronchial asthma, 
epilepsy, peptic ulcer ad arrhythmias. 

Clinical uses 

 Neostigmine is clinically used to reverse effects of non depolarising skeletal muscle relaxants , treat ruminal and 
urinary atony, and in the symptomatic treatment myasthenia gravis. 

Pyridostigmine 

 It is similar to neostigmine, but has slower onset of action, than neostigmine. 

Edrophonium 

  Primarly used in the diagnosis of myasthenia gravis. 

Ambenonium 

 It is slightly more potent and longer acting than neostigmine. 

Physostigmine (Eserine) 

 Physostigmine is a tertiary amine alkaloid obtained from the dried ripe seeds of plant Physostigma venenosum. 
Unlike quarternary ammonium compounds, physostigmine is well absorbed orally and crosses blood brain 
barrier. It is also absorbed from conjunctiva when applied in the eye. 

 It used as a miotic agent and to treat glaucoma. It is also used in ruminal atony and in treatment of atropine 
poisoning. Physostigmine effectively antagonizes the effects of atropine both centrally and peripherally. 

http://www.elearnvet.net/moodle/file.php/100/Difference_in_reaction_between_OPC_and_carbamates.jpg
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Tacrine 

 Tacrine is a lipophilic acridine compound and is able to cross blood brain barrier easily. 

 As it increase brain ACh levels, it is used in the symptomatic treatment of Alzemier’s disease in humans. 

Carbamates 

 These are used as insecticides in agriculture and in control of ectoparasites in animals. These compounds are 
non polar, highly soluble and hence, easily absorbed from the site of exposure. 

 These are potent poisons, but their poisoning is of shorter duration than that of organophosphorus insecticides. 

THERAPEUTIC USES 

Glaucoma 

 Physostigmine can be administered as eye drops to cause constriction of the pupil and ciliary muscle, improving 
drainage of aqueous humour, thus reducing intraocular pressure. 

Myasthenia gravis 

 It is an auto immune disorder due to development of antibodies directed to nicotinic receptors at the muscle 
end plate and a reduction in the number of NMcholineceptors. 

 So weakness and easy fatigability are noticed on repeated activity. 

 Neostigmine improves muscle contractions by allowing the acetylcholine released from the prejunctional 
endings to accumulate and act on the receptors over a large area and by directly depolarising the end plate. 

 For this purpose, it is used in combination with atropine. Over treatment with anticholinesterases can produce 
weakness by causing persistent depolarisation of muscle end plate. This is called cholinergic weakness. 

 If edrophonium is administered and there is improvement in the condition of muscle weakness, then it may be 
due to myasthenia gravis or if the condition worsens, it may be due to anticholinesterase over treatment. 

Post operative paralytic ileus and atony of the rumen 

Post operative decurarization 

 Atropine poisoning – Physostigmine can be used. Since it crosses the blood brain barrier, it is especially used to 
treat CNS effects. 

 Cobra bite – Neostigmine with atropine is used to prevent respiratory paralysis. 

 Alzhemier’s disease – Tacrine is administered. 

MECHANISM OF ACTION 

 The four stages of anticholinesterase action produced by these compounds are: 

 Inhibition (phosphorylation), reactivation, aging and regeneration/recovery 
o Phosphorylation: Organophosphorus compounds react only at the esteratic site of cholinesterase to 

form a phosphorylated enzyme. 
o Reactivation: Following alkylphosphorylation, spontaneous reactivation can occur. But the rate is 

dependent on the nature of the alkyl group. 
o Aging 

 Aging is the loss of one alkyl group, which generally occurs more rapidly than spontaneous 
hydrolysis. 

 Aging makes the product more resistant to regeneration by oximes. 
 Pralidoxime is a compound that is used to reactivate the enzyme cholinesterase from 

organophosphorus compounds. This agent combines with the cation binding site which orients 
the oxime group of this agent to react with the elecrophillic phosphorus atom. 

 The oxime-phosphonate is split off, leaving the regenerated enzyme. 
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o Regeneration: If the enzyme is not reactivated, new acetylcholinesterase must be synthesized. This 
takes weeks or months. However, recovery can occur more rapidly since only a small fraction of 
acetylcholinesterase is needed to be resynthesized. 

IRREVERSIBLE ANTICHOLINESTERASE AGENTS 

 These compounds are covalently bind to AChE and cause its inhibition irreversibly. 

 Unlike carbamate and other reversible cholinesterase inhibitors, these do not posses cation group and thus react 
only with the esteratic site of ChE enzyme. 

 The enzyme-substrate complex thus formed is highly stable and does not undergo spontaneous hydrolysis. Eg: 
Organophosphorus compounds. 

Anticholinergic Drugs (Parasympatholytic/Cholinolytic) 

 Conventionally drugs that block actions of ACh on muscarinic receptors are termed as anticholinergic drugs or 
parasympatholytics. 

 Drugs that block actions of ACh on nicotinic receptors are designated as “Ganglionic blockers” and 
“Neuromuscular blockers” depending on their site of action. 

Depending on the source, chemical nature and therapeutic uses, anticholinergic drugs are classified as: 

 Non-selective muscarinic receptor antagonists (or) Non-selective antimuscarinic drugs. 

 Selective muscarinic receptor antagonists (or) Selective antimuscarinic drugs    

Organophosphorus compounds (Phosphorylating agents) 

 Organophosphorus compounds produce essentially irreversible inhibition of cholinesterase and new enzyme 
must be synthesized for recovery to occur. 

 They are not important clinically for their therapeutic uses as they are for toxicity and poisoning. 

 The organophosphorus compounds are highly lipid soluble (exception is echothiophate) and they have high 
vapour pressures (volatile). 

 These characters make them extremely dangerous. 

 Metabolism may activate (eg. Parathion to paraoxon) and deactivation is by hydrolysis in the liver. 

 They are eliminated almost entirely as hydrolysis products in urine. 

SYMPTOMS OF OPC POISONING 

Organophosphorus compounds shows  

 Muscarinic effects - Profuse salivation, miosis, vomiting, defecation, hypermotility of the gastrointestinal tract, 
urination, bradycardia, hypotension, severe bronchoconstriction and excess bronchial secretions. 

 Nicotinic effects - Skeletal muscle fasciculations, twitching and paralysis, ataxia and confusion are observed. 
Death is usually due to respiratory failure,  bronchoconstriction and convulsions may also be life threatening. 

TREATMENT OF OPC POISONING 

 Prevent further absorption . 

 Maintain blood pressure and airway. 

 Control convulsions. 

 Administer atropine – Atropine will block the muscarinic symptoms. In high doses, it can control central effects. 
But it does not reverse peripheral muscular paralysis, which is mediated by nicotinic actions. Atropine must be 
given immediately by slow intravenous injection. Administration of atropine must be continued till pupils 
dilate. 
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 Administer cholinesterase reactivators – After atropinisation, oximes should be administered as early as 
possible before aging occurs.. Oximes are not effective in carbamate poisoning as the anionic site is not free for 
the oximes to be attached to, in the case of carbamate poisoning. Oximes themselves have weak 
anticholinesterase activity and hence, they are contraindicated in carbamate poisoning. Administering oximes in 
carbamate poisoning will aggravate the condition. Obidoxime is a more potent oxime. Di-acetyl-monoxime 
(DAM) is lipophilic and can reactivate the cholinesterase in the brain also. Pralidoxime (2PAM) is commonly 
used as an antidote. 

8: CHOLINERGIC ANTAGONISTS  

Learning objectives 

 Different cholinergic antagonist will be discussed in detail 
o Classification of various cholinergic antagonists 
o Cholinomimetic alkaloids, natural alkaloids 
o Synthetic and semisynthetic muscarinic antagonist 
o Selective and nonselective anti muscarinic antagonist 
o Pharmacological effects 
o Toxicity 
o Therapeutic uses. 

CHOLINERGIC ANTAGONISTS 

 Drugs or agents which block the action of acetylcholine by blocking its receptors are known as cholinoceptor 
antagonists. 

 Based on the receptors that are blocked, these drugs are termed as muscarinic receptor antagonists and 
nicotinic receptor antagonists. 

CLASSIFICATION 

 Muscarinic receptor antagonists block the actions of acetylcholine at the parasympathetic end organs and at the 
sweat glands. 

 Nicotinic receptor antagonists block the actions of acetylcholine at all the autonomic ganglia (both sympathetic 
and parasympathetic) and at the neuromuscular endplate of skeletal muscles. 

 Muscarinic antagonists 
o Alkaloids obtained from the plants belonging to the family Solanaceae have muscarinic receptor 

blocking effect. 
o The important members in this group are Atropa belladonna (deadly nightshade), Datura 

stromonium and Hyosciamus niger. 
o Atropine and scopolamine are the alkaloids of interest in this group. 
o In addition to these naturally occurring compounds, synthetic agents like homatropine, tropicamide, 

ipratropium, benztropine etc., exhibit muscarinic receptor blocking activity. 
o These muscarinic receptor antagonists occupy the muscarinic receptors competitively and prevent 

acetylcholine from binding with the cholinergic receptors. 
o All the organs in the body are not equally affected by the muscarinic blockers.  
o With extremely high doses, atropine can block the nicotinic receptors 
o Natural alkaloid- Atropine is the prototype of the family of muscarinic blockers. It is well absorbed after 

oral administration and parenteral administration. Most species meatabolise it readily, 50% is excreted 
unchanged in the urine in less than 12 hours. Duration of action is 4 to 6 hours in most species. 

o Synthetic analogs- Scopolamine, homatropine, methscopolamine and methylatropine differ primarily in 
their pharmacokinetics. 

o Scopolamine is shorter acting and has more CNS effects than atropine. 
o Homatropine is less potent and less toxic with a faster onset and shorter duration than atropine. When 

applied to the eye it produces less side effects and is therefore more useful than atropine for producing 
mydriasis. 
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o Methscopolamine and methylatropine are quarternary amines and thus have minimal side effects but 
are poorly absorbed when given orally. 

Glycopyrrolate 

 It is a quaternary nitrogen compound and therefore is not well absorbed from the gastrointestinal tract and 
penetrates the CNS poorly. 

 It produces less sedation than scopalamine and is less effective than atropine at blocking gastric secretions. 

 At ususal doses glycopyrrolate has little effect on resting/basal respiration, blood pressure or heart rate. 

Aminopentamide 

 This drugs inhibition of motility and secretions of the gastrointestinal tract are more pronounced than atropine 
while its mydriatic effect and inhibition of salivary secretions are less than atropine. 

NON-SELECTIVE MUSCARINIC RECEPTOR ANTAGONISTS 

Non-selective muscarinic receptor antagonists (or) Non-selective antimuscarinic drugs. 

 Natural alkaloids. Eg: Atropine, Hyoscine (Scopolamine) 

 Semisynthetic and synthetic antimuscarinic drugs 
o Mydriatics, Eg: Homatropine, Eucatropine, Tropicamide 
o Antisecreory-antispasmodics. 

 Quaternary compounds.Eg: Propantheline, Isopropamide, Glycopyprronium, Ipratropium 
 Tertiary amines.Eg: Oxybutynin, Dicyclomine, Oxyphencyclimine. 

NATURAL ALKALOIDS 

 Atropine 

 Atropine is a racemic mixture of dl-hyoscyamine. It is a tertiary amine alkaloid obtained from the plants Atropa 
belladonna (deadly night shade plant) andDatura stromanium (thorn apple or jimson weed). Belladona plant 
also contains two more alkaloids in addition to atropine hyoscyamine and hyoscine. 

 Atropine and related antimuscarine drugs competitively antagonize Ach and other muscarinic agonist at all the 
muscarinic receptors. High doses may also block nicotinic receptors in autonomic ganglia and neuromuscular 
junctions 

 Being competitive in nature, atropine antagonism at muscarinic receptors can be overcome by increasing the 
concentration of Ach either directly or indirectly by administering anticholinesterase drugs. 

 Atropine is more effective in blocking responses to exogenously administered cholinergic agonists than those 
produced by stimulation of cholinergic nervous system. 

Pharmacological Effects 

 Effects produced by atropine are opposite to those produced by parasympathetic stimulation or those produced 
by cholinergic agonists. Due to the heterogeneity of muscarinic receptors, the pharmacological effects of 
atropine are dose related. 

 Salivary and sweat gland secretions are quite susceptible to small doses of atropine, pupil and heart are affected 
by modest systemic doses and high doses are required for producing GI and urinary tracts. Inhibition of GI 
secretions require even higher doses of atropine 

Cardiovascular systems 

 Heart 
o Effects of atropine on heart are dose dependent. At low doses or in initial stages atropine produces 

transient bradycardia. 
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o This attributed to blockade of M1-muscarinic auto receptors on vagal nerve endings, which results 
increased vagal discharges of Ach. 

o At normal dose or after initial bradycardia atropine produces tachycardia due to blockade of 
M2 receptors on SA node, through which vagal tone decreases heart rate. 

o Atropine shortens the refractory period of AV node and facilitates AV conduction 

Blood pressure 

 Since vascular smooth muscles do not receive parasymapathetic innervations, cholinergic impulses are not 
involved in the maintenance of vascular tone. 

 Thus atropine alone has no significant effect on BP. How ever atropine will block the sharp drop in BP produced 
by cholinergic agonists. 

 Atropine also potentiates the pressor effect of adrenergic and nor adrenergic by blocking the cardio inhibiting 
effects of vagus. 

Smooth muscles 

 All nonvascular smooth muscles that receive parasympathetic nerve innervations are relaxed by atropine due to 
blockade of M3 muscarinic receptors. 

Gastrointestinal tract 

 Atropine relaxes the GI smooth muscles by inhibiting the contractile responses produced by endogenous Ach. 

 It reduces tone and motility of gut (results in increased gastric emptying time) and causes closure of sphincter. 
Amplitude and frequency of peristalsis is also, reduced resulting in antispasmodic or spasmolytic effect. 

Respiratory System 

 Atropine relaxes the bronchioles that are constricted due to excessive cholinergic activity. 

 However it is not useful in bronchial asthma, where the bronchospasm is mediated by spasmogens other than 
Ach 

Urinary tract 

 Atropine relaxes ureter and urinary bladder and causes urinary retention. As atropine reduces the tone of ureter 
it is useful ureteric colic. 

Eye 

 Atropine causes mydriasis and cycloplegia (inability to focus for near vision) and abolishes light reflexes. 

 This results in photophobia and blurred vision. Atropine raises the intraocular pressure in glaucoma patients. 

 These effects are produced either by topical or systemic administration 

Exocrine glands 

 In general atropine reduces all secretions except milk. Atropine markedly decreases sweat, salivary, tracheo 
bronchial and lachrymal secretions due to M3receptor blockade. 

 Eyes become dry and swallowing may be difficult. However gastric secretions are not completely inhibited due 
to involvement of non cholinergic receptors also. Similarly intestinal and bile secretions are not markedly 
affected. 

Body temperature 

 Due to inhibition of sweating and stimulation of thermo regulating centre in hypothalamus atropine raises the 
body temperature. 
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Central Nervous System 

 Therapeutic doses of atropine have minimal effect on CNS but larger doses have stimulant effect. 

 Very high doses causes hallucinations and disorientations in humans,  mania and excitement in domestic 
animals, which is later followed by depression and coma. 

PHARMACOKINETICS 

  Atropine is lipid soluble compound and hence is absorbed by all routes of administration. It is well distributed 
through out the body including CNS, milk and placenta. 

 Atropine is metabolized in liver and excreted in urine. About 30- 50% of absorbed atropine is excreted 
unchanged in urine. 

Side Effects or Adverse Effects 

 Depending on the dose, atropine may produce dry mouth, dysphagia, constipation, increased thirst, mydriasis, 
and tachycardia and urine retention. 

 In addition, the CNS effects like ataxia, restlessness, seizures, respiratory depression, coma and death are also 
produced. 

Hyoscine (scopolamine) 

 Hyoscine is the alkaloid obtained from the shrub Hyoscyamus niger (herbane) 

 Hyoscine is also a competitive antagonist of muscarinic receptors like atropine. But unlike atropine hyoscine is a 
CNS depressant and produces drowsiness, euphoria, fatigue and sleep. It also produces a good anti motion 
sickness action. 

SEMISYNTHETIC AND SYNTHETIC ANTIMUSCARINIC DRUGS 

 Natural antimuscarinic alkaloids have some disadvantages like lack specificity, long duration of action and 
potential adverse effects. 

 Hence they have been largely displaced by semisynthetic and synthetic antimuscarinic drugs. 

Mydriatics 

 These drugs are tertiary amines that are instilled into the conjunctival sac to produce mydriasis and or 
cycloplegia. 

 Unlike atropine and hyoscine these drugs have shorter duration of action and are devoid of systemic effects 
when applied in to the eye. 

Homatropine 

 It is a semisynthetic drug that is produced from atropine. It is about 10 times less potent than atropine. Has 
rapid onset (30-45 min) and short duration of action. 

Eucatropine 

 Has rapid onset and shorter duration of action (about 1 hour) of action . It produces mydriasis without 
cycloplegia. 

Antisecretory – Antispasmodic - Antimuscarinic Drugs 

 Quaternary compounds 
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o Being quaternary compounds, they are not absorbed from gut, and do not cross BBB and conjunctival 
barrier. 

o Hence, side effects on eye and CNS are minimal. These drugs have some ganglionic blocking activity, 
which partly contribute to their antispasmodic effects. 

Propantheline 

 In the GI tract it reduces spasm and gastric secretions at doses these produces minimal side effects. In the 
urinary system it reduces the frequency of urination and urgency. 

 Clinically propantheline is used as antisecretory antispasmodic in GI disorders. Also indicated in urinary 
inconsistency. 

Isorpropamide 

 Used for its antiemetic, antidiarrrhoeal, anticholinergic effects. 

 Gylopyrronium (Glycopyrrolate) 

 Primarily used an adjunct to general anesthesia to reduce to reduce secretions and to treat sinus bradycardia. 

Ipratropium 

 It acts selectively on bronchial muscles without altering volume or consistency of respiratory secretions. Used as 
bronchodilator in treating chronic obstructive pulmonary disease. 

Tertiary Amines 

 Tertiary amine antimuscarinic drugs in addition to their antimuscarinic actions also have some non- specfic 
direct relaxant effect on smooth muscles. 

 In therapeutic doses, they reduce spasm of the GI tract, biliary tract, ureter and uterus. 

Oxybutinin 

 Oxybutinin has good antispasmodic and antisecretory effects; the antispasmodoic effect is more prominent on 
the urinary bladder. 

Dicyclomine 

 Has some direct smooth muscle relaxant effect in addition to antispasmodic action. 

 It decreases spasm of most smooth muscles without producing atropine like effects on the heart, eyes, salivary 
and sweat glands. 

Antiparkinsonian Drugs 

 These drugs cross BBB and act on basal ganglion and extra pyramidal system to reduce the involuntary 
movements and rigidity of parkinson’s disease. 

 These are also used to treat the extra pyramidal side effects of antipsychotic drugs. 

 These have feeble peripheral effects and hence are more selective for central effects. 
o Eg. Benzhexol, Benztropine, Procylidine etc. 

SELECTIVE MUSCARINIC RECEPTOR ANTAGONISTS 

 Selective M1 Muscarinic Receptor Antagonists 

 Pirenzepine 
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o Inhibit gastric acid secretions at doses that do not produce other effects. It has minimal CNS effects as it 
cannot pass the BBB. 

 Telenzepine 
o Analogue of pirenzepine and it is more potent than pirenzepine. Used in the treatment of peptic ulcer. 

 Selective M2- Muscarinic Receptor Antagonists 

 Tripitamine 
o Has potential for clinical use as drug for blocking cholinergic bradycardia 

Selective M3- Muscarinic Receptor Antagonists 

 Darifenacin 
o Useful in smooth muscle activity or epithelial secretions. 

PHARMACOLOGICAL EFFECTS 

Cardiovascular system 

 There is little effect on blood pressure. 

 In animals that are exposed to high doses of acetylcholine, atropine can increase the blood pressure that has 
been reduced. 

 High doses cause dilatation of cutaneous beds producing “atropine flush.” 

 An increase in the heart rate with the degree of tachycardia depending  on the vagal tone, which is high in horses 
and dogs, producing marked effects. 

Gastrointestinal tract 

 Atropine brings about a reduction in the salivary and intestinal mucosal secretions. 

 Reduction of salivary secretions leads to dry mouth. 

 Very high doses  decrease gastric secretions.  

 At therapeutic doses of atropine the tone and motility of gastrointestinal tract from stomach to colon is 
decreased and reduce the spasm of the gastrointestinal tract. 

Bronchioles 

 Atropine produces a reduction in the bronchial secretions and causes bronchodilatation. Atropine is thus used 
for the temporary relief in heaves. 

Eyes 

 Mydriasis and photophobia are noticed. 

 By acting on the ciliary muscle it brings about paralysis of accommodation and cyclopegia. 

 Since the drug induces an increase in the intraocular pressure, it is contraindicated in the presence of glaucoma. 

Urinary tract 

 Relaxes the urinary sphincter. Thereby useful  in renal colic. 

Sweat glands 

 Anhydrosis is noticed in animals that sweat. In large doses it may bring about hyperpyrexia as sweat secretion is 
reduced. 

 In equine, sweating is controlled by adrenergic mechanisms and hence anhydrosis is not noticed. 
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 These drugs have least effect in species that do not use cholinergic sweating as an important component of 
thermoregulation. 

On central nervous system 

 In therapeutic doses there is minimal effect. In toxic doses mania and excitement are observed in domestic 
animals followed by depression and coma. 

 In human beings hallucination and disorientation are noticed. Scopolamine has more effects on the central 
nervous system than atropine. 

TOXICITY OF ATROPINE 

 

Interspecies variations are observed with atropine toxicity. 

 Herbivora are more resistant than carnivora. 

 Certain strains of rabbits are resistant to a diet of belladonna leaves, (as the liver contains the enzyme 
atropinase) although eating their meat may be toxic if eaten by dogs, cats or humans. 

 Horses, cattle and goats are relatively resistant when given orally, but when administered parenterally, they are 
susceptible. 

 Swine are susceptible to poisoning, usually from eating the deadly nightshade plant. 

 Signs of toxicity includes dry mouth, thirst, constipation, mydriasis, tachycardia, restlessness, delirium, ataxia, 
convulsions, respiratory depression and respiratory failure leads to death. When urine from the animal 
suspected of atropine poisoning is instilled in the eye of a cat, dilatation can be noticed. 

THERAPEUTIC USES 

Atropine and the other muscarinic receptor antagonists  are indicated in various clinical conditions. 

Antispasmodic 

 As antispasmodic it can be used to control gastrointestinal hypermotility and hypertonicity of the uterus , 
urinary bladder,  ureter, bile duct and bronchioles. But  in the bronchiolar spasm it is not as effective as 
adrenergic drugs. 

 Preanaesthetic 

 Used as an adjunct to general anaesthesia as it reduces the salivary and airway secretions. 

 However, in cattle its use may result in inappetance and rumen stasis. In addition to the reduction in secretions 
these drugs also block the vagal reflexes to the heart during anaesthesia. 

 Scopolamine causes tranquility and amnesia because of its central actions. 

 With morphine, scopolamine produces analgesia and amnesia. 

 Glycopyrrolate is preferred as a preanaesthetic because of its less significant  effect on the heart. 

 Ophthalmology 

 Used to dilate the pupils and paralyze accommodation in the treatment of various inflammatory conditions of 
the eye and as an aid to ophthalmoscopic examination. 

 Atropine is no longer a drug of choice for producing mydriasis or cycloplegia as its effects are too long lasting. 

 Homatropine is the drug of choice for producing mydriasis as it produces only weak cycloplegia. 

 Cyclopentolate and tropicamide were developed specifically for ophthalmic use and have rapid recovery times. 

 Antidote for anticholinesterase poisoning and over dosage  
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  Used as an antidote in the treatment of poisoning by  cholinestrase inhibitors like carbamates and 
organophosphorus compounds.  

Other uses 

 Acute rhinitis, hay fever, motion sickness, myasthenia gravis and common cold. 

NICOTINE 

 Nicotine is an alkaloid obtained from the tobacco plant Nicotiana tobaccum it has no therapeutic effect ad is 
potent poison. 

 Nicotine first stimulates the nicotinic receptors in the autonomic ganglia and then causes their blockade 
(especially in high doses) by producing persistent depolarization. 

Pharmacological Effects 

 Central nervous system 
o Nicotine transiently stimulates and then severely depresses the CNS. Death results from paralyzing 

diaphragm and chest muscle which in turn causes respiratory paralysis. 
o The respiratory muscles are paralysed due to depolarizing block of the neuromuscular junctions in 

skeletal muscles. 

Cardiovascular systems 

 When nicotine is injected intravenously it produces an increase in blood pressure due to stimulation of 
predominant sympathetic ganglia and adrenal medulla. 

 However high doses results in fall of blood pressure, that results from ganglionic blockade loss of motor tone, 
unlike blood vessels, heart has predominant vagal tone. 

 Hence small doses of nicotine or high doses of nicotine initially produce decrease in pulse rate. When the 
autonomic ganglia are blocked by high doses of nicotine the heart rate returns normal ad a relative tachycardia 
may be observed. 

Gastrointestinal Tract 

 Small dose of nicotine enhance the parasympathetic tone and increased gastric secretion , vomiting, increased 
peristalsis and defecation. Blockade of autonomic ganglia may produce decreased tone and motility of GI tract 
and constipation. 

Exocrine glands 

 Nicotine causes initial stimulation of salivary and bronchial secretions that is followed by predominant 
inhibition 

Skeletal muscle 

 Nicotine initially stimulates nicotinic receptors in motor end plate and in large dose produces a depolarizing 
muscle paralysis. 

9: CATECHOLAMINES 

Learning objectives 

 This module provides  a detail note on 
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o Catecholamines, their involvement in adrenergic neurotransmission and structure activity relationship 
catecholamines 

o Pharmacological actions 
o Various factors affecting sympathomimetic action and 
o About directly and indirectly acting sympathomimetics 
o Therapeutic uses. 

ADRENERGIC PHARMACOLOGY 

 Adrenergic neurons in the periphery are postganglionic sympathetic neurons whose cell bodies lie in 
sympathetic ganglia. 

 They generally have long axons which end in a series of varicosities strung along the branching terminal 
network. 

 These varicosities contain numerous synaptic vesicles, which are absent in other parts of the neuron and they 
represent the sites of synthesis and release of nerepinephrine. 

 The synaptic vesicles of adrenergic neurons are larger and more granular than in other neurons, and these large 
electron-dense core vesicles are the storage organelles for catecholamines, which are released by exocytosis. 

CATECHOLAMINES 

 3, 4, dihydroxybenzene is called catechol and hence the drugs that have this structure are called catecholamines. 

 

 Epinephrine, norepinephrine and dopamine are known as endogenous catecholamines. 

 Isoproterenol is a synthetic catecholamine. 

 Epinephrine (EPI), norepinephrine (NE) and isproterenol exhibit varying agonistic actions on the 
adrenoceptors. 

 The effect of alpha adrenergic action of catechoamines ( contraction of smooth muscle )is in the order of : EPI ≥ 
NE >> ISO 

 and the beta adrenergic effect (relaxation of smooth muscle ) is in the order of : ISO > EPI 

Effects of catecholamines 

 NE EPI ISO 

Alpha 
effects 

Potent alpha stimulant (usually less than EPI) Most potent alpha 
stimulant 

least potent 

Beta 
effects 

Weak stimulant of blood vessel β2 receptor Potent β stimulant Most potent β 
stimulant 

 Weak to moderate stimulant of smooth muscle β2 receptor 
outside the blood vessels 

  

 Potent stimulant of heart (β1 stimulant )   



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
31 

 

SYNTHESIS OF CATECHOLAMINES 

 The precursor for catecholamine synthesis is tyrosine 

 Conversion of phenylalanine to tyrosine takes place in the liver. 

 Conversion of tyrosine to DOPA and DOPA to dopamine takes place in the adrenergic neuronal cytoplasm. 

 Dopamine gets converted to norepinephrine in the granules and norepinephrine to epinephrine in the adrenal 
medulla. 

 Tyrosine hydroxylase is the rate limiting enzyme and its inhibition by alpha methyl-ρ-tyrosine results in 
depletion of catecholamines. All enzymes of catecholamine synthesis are rather non-specific and can act on 
closely related substrates. Tyrosine hydroxylase is activated by cAMP dependent protein kinases and inhibited 
by catecholamines. 

 Storage within the granular vesicles is accomplished by complexation of the catecholamines with adenosine 
triphosphate and a specific protein, chromogranin. This complexation makes the amines inactive until their 
release. The vesicles also contain ascorbic acid and dopamine beta hydroxylase. Catecholamines are taken up 
from the cytoplasm into the granules by an active transport system that is ATP and Mg++ dependent. This 
intragranular pool of norepinephrine is believed to be the principal source of the neurotransmitter that is 
released upon nerve stimulation. 

 Release from the storage vesicles is calcium dependent exocytosis induced by depolarisation of the nerve 
ending. Drugs can also induce release by destruction of storage vesicles or displacement of catecholamines from 
the storage vesicles. 
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 Amines within, the cytoplasm may be taken up by the granules for storage or, they may be inactivated by a 
deaminating enzyme monoamine oxidase (MAO) that is located in the neuronal mitochondria. Intracytoplasmic 
dopamine may also be deaminated by MAO. 

 Fate -The action of nerepinephrine may be terminated by (in descending order of importance)  
o active reuptake into the nerve across the axoplasmic membrane   accounting for removal of NE upto 

65% from the synaptic cleft. (uptake I) 
o diffusion from the cleft space via the extracellular fluid accounting for 15% of removal of NE (uptake II)  
o metabolic breakdown by enzymes accounting for 20% of metabolism. 

 Norepinephrine that has been taken back into the nerve may be restored in granules or it may be deaminated by 
MAO. Reuptake is an active mechanism and requires energy. 

 Norepinephrine termination of action by enzymatic conversion accounts for 20 per cent of released 
norepinephrine. Initial inactivation involves two enzymes. 

o Monoamine oxidase (MAO) inactivates amines by conversion to aldehydes, which can subsequently be 
metabolized to carboxylic acids and alcohols. MAO is localised on the outer surface of the mitochondria 
and is present in neuronal and non-neuronal tissues. The reaction requires oxygen. 

o Catechol-O-methyl transferase (COMT) methylates m-hydroxyl group of catechols. COMT an 
extraneuronal enzyme that has a wide tissue distribution and broad substrate specificity. 

 Catecholamines in the blood are metabolized in the liver by COMT and MAO. Aldehyde reductase and aldehyde 
dehydrogenase further metabolise the aldehydes formed by the deamination by MAO. Aldehyde reductase 
catalyses the formation of alcohol products and aldehyde derhydrogenase catalyse the formation of acid 
products. Products of the above enzymatic reactions can subserve as substrates for others. The major final 
products are 3-methyl-4-hydroxymandelic acid (VMA) or 3-methoxy-4-hydroxy-phenylethyleneglycol 
(MOPEG). 

 

EFFECTS OF CATECHOLAMINES 

 Epinephrine (EPI), norepinephrine (NE) and isproterenol exhibit varying agonistic actions on the 
adrenoceptors. 

 The effect of alpha adrenergic action of catechoamines ( contraction of smooth muscle )is in the order of : EPI ≥ 
NE >> ISO and the beta adrenergic effect (relaxation of smooth muscle ) is in the order of : ISO > EPI 

Effects of catecholamines 

 NE EPI ISO 

Alpha 
effects 

Potent alpha stimulant (usually less than EPI) Most potent alpha 
stimulant 

least potent 

Beta 
effects 

Weak stimulant of blood vessel β2 receptor Potent β stimulant Most potent β 
stimulant 
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 Weak to moderate stimulant of smooth muscle β2 receptor 
outside the blood vessels 

  

 Potent stimulant of heart (β1 stimulant )   

 

STRUCTURE ACTIVITY RELATIONSHIP 

 Maximum sympathomimetic activity is noticed when two carbon atoms separate the aromatic ring from the 
amine group. 

 Increased bulkiness of substitution on the N-atom increases the beta receptor activity. 

 Lesser the substitution in the N-atom greater is the activity. 

 Removal of one or both the OH- groups reduces the β activity. 

 Substitution of ring hydroxyl group reduces potency. 

 Beta  carbon side chain substitution results in less active central actions. 

 A carbon substitution gives a compound not susceptible to MAO. 

 Alkyl substitution in amino group affects both alpha and beta agonist properties. 

Click to view the structure activity relationship of catecholamines 

DIFFERENCE BETWEEN CATECHOLAMINES AND NON CATECHOLAMINES 

 Adrenergic drugs are divided into catecholamines and non catecholamines. The difference between 
catecholamine and non catecholamines is follows: 

Catecholamines Non catecholamines 

Contain hydroxyl groups at position 3 and 4 on 
the benzene ring 

Lack one or both hydroxyl groups on benzene ring 

Mainly have direct action. Few compounds may 
have mixed action (like dopamine) 

Mainly have indirect or mixed actions and few 
may have direct action (like phenylephrine) 

Have high affinity for α and/or β receptors Have moderate to poor affinity for adrenoceptors 

Usually have shorter half life because of their 
rapid metabolism 

Have moderate to longer half life as these are 
degraded slowly 

Metabolised mainly by MAO or COMT Poor substrates for MAO and resistant to COMT 

Usually not effective by oral route and are given 
parenterally 

Most of the drugs are effective orally 

Being polar drugs, poorly penetrate the CNS 
and hence have minimal effect on CNS 

Easily pass blood brain barrier and produce 
significant CNS effects 

Effects are produced even after adrenergic 
denervation 

Loose activity following adrenergic denervation 

No development of tolerance Tolerance develops following repeated 
administration 

CATECHOLAMINES - ADRENALINE 

Adrenaline: (Epinephrine) 

http://www.elearnvet.net/moodle/file.php/100/Structure_acty_relationship_of_Catecholamines.jpg
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 It is an endogenous catecholamine and major hormone secreted by adrenal medulla. Commercial preparation is 
white to off white micro crystalline powder or granules which on exposure to light turns reddish (due to 
oxidation) with loss of activity. 

 Both endogenous and commercial adrenaline is in levo form which is 15 times more potent than dextro isomer. 

 Pharmacological effects 
o Adrenaline is a potent directly acting drug that interacts with all subtypes ( α 1, α 2 , β1, β2 and β3) of 

adrenergic receptors. 

Cardiovascular system 

 Blood vessels 
o The main action of adrenaline is exerted on smaller arterioles and pre-capillary sphincter. 

Vasoconstriction predominates in cutaneous, mucous membrane, mesenteric and renal beds and occurs 
primarily through α1- receptors. There is marked reduction in blood flow to these structures when 
adrenaline is injected. 

o On the other hand, vasodilatation predominates in skeletal muscles, liver and coronary blood vessels. 
Vasodilatation is mediated by β2 receptor. Skeletal muscles blood vessels have both α and β2 receptors, 
but β2 are more sensitive to adrenaline than α receptors. 

o Large doses of adrenaline however causes vasoconstriction in skeletal muscles because α mediated 
action overrides β2 mediated relaxation. 

 Blood pressure 
o Effect of adrenaline on BP depends on dose, route and rate of administration. 
o Adrenaline given by slow IV infusion, SC injection or in slow doses (0.1µg/kg) causes fall in BP. 
o If a pharmacological dose of (1-3µg/kg) of adrenaline is given by rapid IV route, it produces a 

characteristic biphasic response on BP because the initial rise due to α1
 activity followed by β2 

activity. 
o The immediate raise in BP is mediated by myocardial stimulation and peripheral vasoconstriction. 

 Heart 
o Adrenaline is a powerful cardiac stimulant. 
o Both the heart rate and force of contraction are increased, resulting in a marked increase in cardiac 

output and cardiac oxygen consumption. These effects are mediated by β1 receptors. 

 Smooth muscles 
o Effects of adrenaline on smooth muscles of different organs and systems depend on the type of 

adrenergic receptors available in them. 
o Activation of α1 receptors produces contraction of all smooth muscles except GI tract, mainly from 

release of intracellular calcium through the action of second messenger IP3. Relaxation of smooth 
muscles is mediated by β2 receptors which increase intracellular cAMP concentration. 

 GI tract 
o In general adrenaline relaxes the smooth muscles of the GI tract, mediated by the activation of both the 

α and β receptors. 
o Frequency and amplitude of peristaltic movements is decreased. However, the sphincters are 

contracted. Gastric juice secretion is decreased and the saliva produced is thick and scanty. 

 Uterus 
o Response varies depending on the species and stage of gestation. In human adrenaline contracts gravid 

and non-gravid uterus when examined in vitro. 
o In situ, however, adrenaline relaxes the uterus in non-gravid stage, but contracts uterus during late 

pregnancy. Contraction of uterus is mediated through α receptors and  relaxation is mediated via 
β2 receptors. 

    Species       Non-gravid uterus              Gravid uterus 

Rat             Relaxation                               Relaxation 

Rabbit       Contraction                              Contraction 

Cat             Relaxation                               Contraction 

Sheep        Contraction                             Relaxation 
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 Urinary bladder 
o Relaxes detrusor muscle of bladder through receptors and contracts trigone and sphincter muscle via α 

receptor activation. 
o Net effect is retention of urine. 

 Respiratory tract 
o Adrenaline causes broncho dilatation by relaxing bronchial smooth muscles through activation of β2 

receptors. However, only the contracted bronchioles are dilated and normal bronchioles are not 
affected. 

o Adrenaline also decreases bronchial secretions and produce decongestion via α receptors. 
o High doses of adrenaline cause pulmonary oedema by shifting blood from system pulmonary tree. 

 Eye 
o Adrenaline causes mydriasis due to contraction of radial muscle of the iris (α1 action). 
o However, this action is minimal when applied topically as adrenaline penetrates cornea very poorly. 

Metabolic effects 

 Produces significant hyperglycaemic effect, which result from 
o increased glycogenolysis in liver (β2 action) 
o increased release of glucagon (β2 action) 
o decreased release of insulin (α2 action) 

 Increases concentration of free fatty acids in blood by stimulating β receptors in adipose tissues. 

 In general adrenaline causes conversion of energy sources of glycogen and fat to glucose and free fatty acids, 
which acts as readily available energy sources. 

 Other effects 
o Adrenaline contracts smooth muscles of spleen capsule (α effect), this discharges more blood into 

circulation. 
o Causes contraction of piloerector muscles, so hair become erect (α1 effect) 
o Adrenaline has little effect on the brain as it penetrates the blood brain barrier poorly. 

 Pharmacokinetics 
o Adrenaline is not effective orally as it is metabolised rapidly by MAO and COMT present in intestinal 

wall and liver. Absorption from IM injection site is rapid, but is relatively slower following SC injection. 
In emergency adrenaline can be given by IV. 

o In general adrenaline parenterally has rapid action, but a brief duration of action. Most of the absorbed 
adrenaline is metabolised by the hepatic COMT and MAO into an inactive metabolites an excreted in 
urine. Adrenaline does not cross blood brain barrier, but crosses the placenta an is distributed in milk. 

 Side/adverse effects 
o Adrenaline can induce a feeling of fear or anxiety, tremors, excitability, vomiting, pallor and lactic 

acidosis. 
o Large doses may cause cerebral haemorrhage, cardiac arrhythmias, pulmonary oedema, dyspnoea, 

renal failure, metabolic acidosis and cold skin. 

 Contraindications 
o Adrenaline is contraindicated in narrow-angle glaucoma, general anaesthesia with halogenated 

hydrocarbons, coronary insufficiency, hypertension, hyperthyroidism and along with non-sedative β 
receptor blocking drugs. 

Clinical uses 

 Drug of choice in anaphylaxis 

 Adrenaline restores cardiac rhythm in cardiac arrest (asystole) 

 Added with local anaesthetics (1:100,000)to decrease their absorption from the injection site. 

 Adrenaline relieves bronchospasm in acute asthma. 

 Adrenaline reduces intraocular pressure in open-angle glaucoma when applied topically as 2% solution. It 
reduces formation of aqueous humour by vasoconstriction of the ciliary blood vessels 

NOREPINEPHRINE 

Noradrenaline (Norepinephrine) 
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 It is the neurotransmitter released by the post ganglionic sympathetic neurons. 

 It also constitutes 10-20% of the catecholamines content of adrenal medulla. 

 Pharmacological effects: 
o Noradrenaline primarily acts on α1, α2 and β1 receptors and has little action on β2 receptors. Nor 

adrenaline and adrenaline are equipotent on β1 receptors. 
o However noradrenaline is 2-10 times less potent than adrenaline on α receptors. 

Cardiovascular system 

 Blood vessels 
o Causes intensive vasoconstriction (α receptor mediated) and peripheral resistance in most vascular beds 

including cutaneous, mucosal splanchnic, hepatic, renal and skeletal muscle. 
o Unlike adrenaline, nor adrenaline decreases blood flow to skeletal muscles, because of predominal α 

action, rather than β2 action. 

 Blood pressure 
o Noradrenaline given either by slow infusion or bolus injection, causes dose related increase in blood 

pressure. 
o Unlike adrenaline, noradrenaline does not produce the biphasic response. 

 Heart 
o Noradrenaline is a potent myocardial stimulant causes both positive inotropic and positive chronotropic 

effects (β1 action). 
o Cardiac output is, however, unaffected or decreased due to decreased venous return as a result of 

predominant vasoconstriction. 
o In intact animals, there is reflex bradycardia due to stimulation of vagus through baroreceptor 

mechanism. 

 Smooth muscles 
o Noradrenaline causes relaxation of intestinal smooth muscles (α action) which is lesser than that 

produced by adrenaline. 
o It has a negligible effect on bronchial smooth muscle (due to lack of action on β2 receptors). It contracts 

radial muscle of eye (α1 action) and produces mydriasis. 

Metabolic effects 

Noradrenaline produces hyperglycaemia and other metabolic effects similar to adrenaline, but these are less 
pronounced. 

 Pharmacokinetics 
o Noradrenaline is ineffective when given orally due to rapid distribution in GI epithelium and liver. 

Absorbed noradrenaline is metabolised by MAO and COMT. 

 Side/Adverse effects 
o Similar to adrenaline, but less intensive in nature. Reduced blood flow to vital organs is the major 

danger with the neither use of nor adrenaline. 

 Contraindications 
o Should not be used during general anaesthesia with halogenated hydrocarbons. 

Clinical uses 

 Has only limited therapeutic value. 

 It may be given as slow drip in haemorrhagic or burn shock, as it increases vascular resistance and blood 
pressure. 

 However, decreased blood supply to the kidney is a limitation. 

DOPAMINE 

Dopamine: (3, 4-dihydroxyphenylethylamine) 
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 It is an endogenous catecholamine and immediate precursor of nor adrenaline. 

 Dopamine is a unique catecholamine which has both direct (α and β actions) and indirect (release of nor 
adrenaline) actions. In addition it also has dopaminergic (D1and D2 receptor actions. 

 The cardiovascular effects of dopamine are mediated by different receptors that vary in either affinity for the 
dopamine. 

 At very low IV doses (0.5-2µg/kg/min) dopamine acs predominantly on vascular D1, dopaminergic receptors 
and dilates the renal, mesenteric and coronary vascular beds. This results in increase in renal blood flow, 
glomerular filtration rate and Sodium excretion. 

 At somewhat higher IV doses (2-10µg/kg/min) dopamine also stimulates β1 receptors on heart and releases 
noradrenaline from sympathetic nerve terminals. This exerts a positive inotropic but little chronotropic effects 
on heart. It increases the blood pressure, but the vascular resistance is unaffected. 

 At high dose (10µg/kg/min) dopamine activate vascular α1 effects leading to vasoconstriction, which counters 
the useful effects of dopamine. 

 Dopamine has no effect on non vascular α and β receptors. Exogenous dopamine has no central effects as it 
cannot cross the BBB. 

 Dopamine is useful in the treatment of cardiogenic or septic shock, oliguria and severe congestive heart failure. 

ISOPRENALINE 

Isoprenaline (Isoproterenol/Isopropylarterenol) 

 It is a direct acting synthetic catecholamine which predominantly stimulatesβ1 and β2 receptors. Its main 
actions are seen on the heart, blood vessels of skeletal muscles and smooth muscles of bronchi and GI tract. 

 Isoprenaline decreases the peripheral resistance and increased blood flow to skeletal muscles, with little effect 
on cutaneous, mucosal and renal blood vessels. Overall, it lowers the blood pressure. 

 On the heart, isoprenaline has positive inotropic and positive chronotropic effects with increased COP and in 
this respect it is more potent than adrenaline and noradrenaline. 

 Isoprenaline relaxes all smooth muscles. Metabolic effects are similar to adrenaline 

PHARMACOLOGICAL ACTIONS 

 Pharmacological actions of catecholamines can be studied under four major categories. 
o Excitatory 

 Blood vessels - constriction (including veins, increased venous return to heart). 
 Iris - contraction of the radial muscle with mydriasis . 
 GI & Urinary - contraction of the sphincters. 
 Sweat glands - secretion in horse. 
 Salivary glands - viscous secretion . 
 Male genetalia - ejaculation . 

o Inhibitory 
 Bronchioles - dilatation. 
 Blood vessels - dilatation. 
 GI Tract - relaxation of smooth muscle . 
 Urinary bladder - relaxation of detrusor . 

o Cardioexcitatory effects 
  SA node - increased heart rate 
  Atria & Ventricles - increased force of contraction, conduction velocity. 
 AV node & His Purkinje System - increased automaticity, conduction velocity. 

o Metabolic effects 
 Liver - glycogenolysis and gluconeogenesis, hyperglycemia. 
 Pancreas decrease (α) and increased (β) secretion. 
 Fat cells - lipolysis, increased plasma free fatty acids . 
 Skeletal - Muscle glycogenolysis, increased blood lactate . 

 In addition to these effects, some CNS effects are also noticed. 

AMPHETAMINE 
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 It is a synthetic sympathomimmetic drug with CNS stimulant and peripheral α and β adrenergic actions. 

 Mechanism of action 
o The mechanism of action is indirect, by releasing endogenous noradrenaline from adrenergic nerve 

terminals. 

 Due to amphetamine’s structural resemblance to nor adrenaline, it is transported into adrenergic nerve 
terminals by uptake1 process upon entry into the neuronal cytoplasm, it displaces noradrenaline from storage 
vesicles into the cytosol. 

 Some of the displaced noradrenaline is metabolized by MAO intraneuronally and the remaining is released into 
the synaptic cleft. This release process does not involve exocytosis and hence no need of action potential coupled 
Ca++ ion entry into the neuronal cytoplasm. 

 In addition to this amphetamine also blocks MAO and decreases uptake1 process, both of which increase the 
concentration of noradrenaline in synaptic cleft. 

 Pharmacological effects 
o As amphetamine acts by release of endogenous nor adrenaline, its pharmacological effects are similar to 

noradrenaline. In addition amphetamine has a powerful CNS stimulant effect. 
o The CNS effects include increased alertness, decreased fatigue, elevation of mood, ability to concentrate, 

euphoria, insomnia and anorexia. 
o Amphetamine stimulates the respiratory centre, especially if it is depressed. D-isomer of amphetamine 

(dextroamphetamine) is 3-4 times more potent than l-isomer in producing CNS effects. 
o However, l-isomer is more potent than d-isomer to produce peripheral effects. Noradrenaline in high 

doses or following prolonged use cause depression and fatigue. 

 Pharmacokinetics 
o Amphetamine is absorbed well following oral administration. Unlike catecholamines, it enters the CNS. 
o It has prolonged action as it is resistant MAO. It is mainly metabolized in the liver and excreted in urine. 

 Clinical uses 
o Has limited use in veterinary practice. 
o In humans used to treat depression, narcolepsy and hyperkinesis. 

EPHEDRINE 

 It is a naturally occurring alkaloid obtained from the Chinese shrub Ephedra vulgaris. 

 It is now synthesized chemically and the clinically used ephedrine is levo form of ephedrine. 

 Mechanism of action 
o It is mixed acting sympathomimmetic which can directly stimulate both α and β receptors and cause 

release of endogenous nor adrenaline. 

 Pharmacological effects 
o Similar to epinephrine, but is many times less potent than adrenaline. 
o However it is 7-10 times long acting and produces the effects even after oral administration. 
o Ephedrine produced mild CNS stimulation that is evident as increased alertness, decreased fatigue and 

insomnia. 
o Unlike adrenaline and or adrenaline repeated injetions of ephedrine produces progressively 

diminishing response and this phenomenon is called “tachyphylaxis”. 
o Tachyphylaxis is attributes to the following: 

 Repeated administration, gradually diminish the available stores of endogenous noradrenaline. 
 When cardiovascular system is stimulated, reflex mechanisms are pressed into action to return 

the heamodynamics towards normally. 
 As adrenergic receptors are already occupied by previously administered long acting ephedrine, 

less and less number of adrenergic receptors are available for subsequent doses of ephedrine. 

 Pharmacokinetics 
o Rapidly absorbed after oral or parenteral administration. Also absorbed from topical instillation in the 

eye to produce mydriasis. 
o It is a poor substrate for both MAO or COMT and is largely excreted unchanged. 

 Clinical uses 
o Ephedrine lacks selectively and its efficacy is low. Mainly used in urinary incontinence and 

bronchoconstriction. 
o Advantages over other sympathomimetics are long duration of action (hence no need of infusion) and 

oral administration 
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PSEUDOEPHEDRINE 

 It is a stereoisomer of ephedrine. It has fewer CNS and CVS effects. It is also a poor bronchodilator, because of 
its little β-agonistic activity. 

 It is mainly used as a decongestant in upper respiratory tract problems associated with profuse secretion. 

THERAPEUTIC USES 

 Acute anaphylactic reaction – to counter hypotension (α) and bronchospasm (β), epinephrine is the drug of 
choice. 

 Allergic disorders, asthma – Objective is to produce brnchodilatation via β2 receptors.  Isoproterenol or 
epinephrine can be used by inhalation or by intramuscular or intravenous injection. They are short acting and 
also produce marked cardiac stimulation via the β1 receptors. Ephedrine can also be used. Though it is long 
acting, it produces marked CNS stimulation. 

 Cardiac arrest/heart block – intracardiac injections of epinephrine or isoproterenol followed by IV infusion or 
subcutaneous and intramuscular injections are useful. 

 In combination with local anaesthetics – to produce local vasoconstriction and retard the removal of the 
anaesthetic thereby, increasing the duration of anaesthetic action. Epinephrine is preferred for this use. 

 Control of bleeding – epinephrine when applied locally arrests bleeding from arterioles and capillaries. 

 Decongestion of mucous membrane – phenylephrine and pseudoephedrine are used in rhinitis, sinusitis and 
hay fever as decongestant. 

 Ophthalmology – ephedrine or phenylephrine can be used to examine the eye as they induce mydriasis without 
cyclopegia. 

 Shock – Use of α agonists to maintain blood pressure in shock may be harmful by reducing the perfusion to the 
kidney and brain, which are already affected. But dopamine is useful in the treatment of cardiogenic, traumatic 
and hypovolemic shock because it selectively dilates the kidney blood vessels, increasing glomerular filtration 
and increasing urine production. In addition dopamine increases blood supply to abdominal organs. 

 Hypertension – clonidine is effective in hypertension and its effect is primarily central. It may partially activate 
peripheral presynaptic α2 receptors. 

 Uterine relaxants – isoxuprine can be used to produce uterine relaxation (tocolytic). 

10: SYMPATHETIC DRUGS  

Learning objectives 

 This module will give an understanding about various sympathetic drugs which are selectively acting on 
adrenoceptors  

 Directly or indirectly acting  

 Pharmacological actions 

 Therapeutic uses 

ADRENERGIC DRUGS (sympathomimetics) 

Drugs acting on adrenergic nervous system 

 Two groups: 
o Adrenergic agonists (sympathomimetic) 
o Adrenergic antagonists (sympatholytic) 

 Adrenergic agonists- Produce actions similar to that of adrenaline and noradrenaline and hence their 
pharmacological effects are similar to those observed when sympathetic nerve is stimulated. These are also 
called sympathomimetic drugs. 

 Anti adrenergic drugs are those drugs that interfere with the actions of sympathetic nervous system stimulation. 
These drugs are also called sympatholytic drugs. 
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ADRENOCEPTORS 

 Pharmacological effects of adrenergic drugs are mediated by activation of adrenergic receptors. 

 Two types of adrenergic receptors were proposed to explain the dissimilar effects of sympathomimetic agents in 
different tissues. 

 They are α and β receptors. 

 The α and β receptors are differentiated pharmacologically, initially based on the relative properties of 
catecholamines namely epinephrine, norepinephrine and isoproterenol. 

Effects of adrenoceptors 

 Released catecholamines interact with the  α-adrenergic or  β-adrenergic receptors on the postjunctional 
membrane to produce specific effects in the postjunctional cell through  activation of specific G-proteins. 

 In some systems released catecholamines interact with a α2 -adrenergic receptors, which are on the 
prejunctional nerve cell. These receptors mediate an inhibition of the release of norepinephrine thus allowing 
the neurotransmitter to modulate its own release. This has been termed as auto-inhibitory feedback mechanism 
and may play an important role in the regulation of catecholamine release. 

 In general, α receptors mediate excitatory/contractile response and β receptors mediate stimulation of the 
heart, relaxation of smooth muscles and metabolic effects.  

 In addition to these receptors, dopamine receptors are available in periphery, which mediate vasodilatation in 
the kidney, heart, mesentry and increase the force of contraction of the heart. Dopamine also has a weak 
agonistic activity on the α adrenergic receptors. 

 ADRENERGIC RECEPTORS AND ADRENERGIC RESPONSES 

α actions β actions 

Constriction of arterioles and veins – rise in BP Dilatation of arterioles and veins – fall in BP 

Heart – little action, arrhythmia in high doses Cardiac stimulation, increased heart rate, force and 
conduction velocity 

- Bronchodilatation 

Contraction of radial muscles of the eye – mydriasis, 
decreased aqueous secretion 

No effect on iris and ciliary muscles, enhanced aqueous 
secretion 

Intestinal relaxation, contraction of sphincters Intestinal relaxation 

Bladder trigone – contraction Detrusor - relaxation 

Uterus – contraction Relaxation 

Splenic capsule – contraction Relaxation 

Neuromuscular transmission facilitated – increased Ach Active state – prolonged in fast contracting muscle, 
abbreviated in slow contracting muscle 

Insulin secretion inhibited ( œ2 dominant) Augmented insulin (mild) 

Liver – glycogenolysis - 

- Renin release from the kidney 
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Male sex organs – ejaculation - 

Salivary glands – K+ and H2O secretion Ptylin secretion 

- ADH secretion from posterior pituitary 

Nictitating membrane – contraction in some species - 

 

ALPHA RECEPTOR SUB TYPES 

 a 1 a 2 

Location Postjunctional effector organs Prejunctional nerve ending, postjunctional in brain, 
pancreatic β cells, platelets and extrajunctional in blood 
vessels 

Function subserved Smooth muscle – contraction 

Blood vessels -
Vasoconstriction 

Glands – decreased secretion 

Gut – relaxation 

Heart – arrhythmia 

Inhibitors of transmitter release 

Blood vessels-Vasoconstriction 

Decreased central sympathetic flow 

Decreased insulin release 

Platelet aggregation 

Selective agonist Phenylephrine, methoxamine Clonidine 

Selective 
antagonist 

Prazosin Yohimbine 

BETA RECEPTOR SUB TYPES 

 β1 β2 β3 

Location and function 
subserved 

Heart – increased heart rate, increased force of 
contraction, increased AV nodal conduction 
velocity 

Juxtaglomerular cells in kidney – increased renin 
secretion 

Bronchi – relaxation 

Blood vessels – 
Vasodilatation 

Uterus – relaxation 

GI tract – relaxation 

Urinary tract – relaxation 

Skeletal muscle – 
glycogenolysis 

Liver – glycogenolysis 

Adipose 
tissue - 
lipolysis 

Selective agonist Dobutamine Salbutamol  

Selective antagonist Atenolol Butoxamine  
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CLASSIFICATION OF SYMPATHOMIMETIC DRUGS 

Sympathomimetic drugs are classified as follows 

 Direct acting (Adrenergic agonists) 
o These are agents that act directly either on alpha (alpha1 and alpha 2) or beta (beta1 and 2 ) 

adrenoceptors. 
o Drugs having equal potency at α and β receptors. Eg. Epinephrine, Ephedrine, Dopamine 
o Drugs having higher potency at α receptors. Eg. Norepinephrine 
o Selective α receptor agonists. Eg. Phenylephrine and Methoxamine (alpha 1), Clonidine (alpha 2) 
o Nonselective β receptor agonist. Eg. Isoproterenol 
o Selective β1 agonist. Eg. Dobutamine 
o Selective β2 agonists. Eg. Metaproterenol, Terbutaline, Salbutamol 

 Indirect acting 
o Drugs inducing release of neurotransmitter. Eg. Amphetamine, Tramine, Ephedrine 
o Drugs inhibiting reuptake of neurotransmitter. Eg. Cocaine, Imipramine 
o Drugs inhibiting monoamine oxidases. Eg. Pargyline, Clorgyline 
o Drugs inhibiting catechol-o-methyl transferase. Eg. Pyragallol 

     

                                                          CLASSIFICATION OF ADRENERGIC AGONIST 

 

α1 - ADRENERGIC RECEPTOR AGONIST 

Acts predominantly on α1 adrenergic receptors. 

 Phenylephrine 
o It is a direct acting non-catecholamine with powerful α1 adrenergic agonistic activity. 
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o It has negligible β agonistic and CNS actions. 
o Chemically phenylephrine differs from adrenaline in lacking 4-OH group on the benzene ring. 
o It is less potent than nor adrenaline on α1, but has long duration of action. 

 Pharmacological effects 
o It produces peripheral vasoconstriction with resulting increase in BP and small decrease in COP. 
o Trough phenylephrine has no direct effect on myocardium, it produces reflex bradycardia. 
o It decreases cutaneous, renal splanchnic blood flow, but increases the coronary blood flow. 
o It causes mydriasis and reduces intraocular pressure. 

 Pharmacokinetics 
o Given orally is rapidly metabolized in the GI tract and does not produce any response. Hence, given 

parenterally by IV or IM routes. 
o It is mainly metabolized in the liver and partly its action is terminated by uptake into tissue. 

 Methoxamine 
o It is a directly acting sympathomimmetic with relatively selective α receptor action. But unlike 

phenylephrine, methoxmine slightly higher doses has some β receptor blocking action. This β- receptor 
blocking effect makes it less prone to induce cardiac arrhythmias. 

o Methoxamine is primarily used in the treatment of hypotensive states. In contrast, to other adrenergic 
drugs, methoxamine can be used during general anesthesia with halogenated hydrocarbons. 

o Some selective α-adrenergic receptor agonists: Oxymetazoline, Xylometazoline, Naptazoline. 

α2 - ADRENERGIC RECEPTOR AGONIST 

Clonidine 

 Is a partial α2 - adrenergic receptor agonist. Rapid IV injection causes a transient increase in BP due to 
activation of post junctional α2 receptors in peripheral vascular smooth muscles. However, this effect is followed 
by a more sustained hypotensive responsive mediated through activation of presynaptic α2 adrenoceptors in the 
lower brain stem (vasomotor centre in medulla oblongata), that causes decrease in central sympathetic outflow. 

 In CNS α2 receptors regulate the neuronal release of noradrenaline and several other transmitters and involved 
in the modulation of sympathetic outflow and cardiovascular and endocrine functions. In addition to central 
effects clonidine activates the prejunctional α2 receptors that suppress release of noradrenaline from peripheral 
nerve endings. Clonidine also stimulates parasympathetic outflow, which produces the bradycardia. 

 In addition to the CVS effect, clonidine produces other effects like: central sedative and analgesic effect, 
contraction of pregnant uterus leading to premature labour, inhibition of insulin and rennin secretion, 
stimulation of growth hormone, elevation of blood glucose level and activation of salt absorption from gut 
mucosa. 

Clinical use 

 Widely used in humans for treatment of hypertension. Also used for treating persons addicted to narcotics, 
alcohol and tobacco. 

Xylazine 

 It is structurally related to clonidine and is a α2- receptor agonist. 

 It is primarily used as a central sedative- analgesic with muscle relaxant properties. 

Mechanism of action 

 α2-receptor activation produces analgesia and sedation similar to the of opioid receptor stimulation in the CNS. 
Both the receptors are found in similar region of the brain and on some of the same neurons. 

 Even though the receptors are different, both α2 and opioid receptors are connected to the same signal 
transducer and both types use the same effector mechanism. Hence when xylazine binds to α2 receptors, it 
causes activation of membrane associated G- proteins. This inturn opens potassium channels in the neuronal 
membrane , making the cell membrane hyperpolarized. Thus the neuronal cells become insensitive to exciting 
input and, the transmission pathway blocked. This finally results in sedation and analgesia . 
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 Xylazine like clonidine also stimulates the prejunctional α2 receptors in peripheral synopsis and decrease the 
release of nor adrenaline. 

Pharmacological effect 

 CNS: it produces sedation, analgesia, muscle relaxation and anxiolysis. in cats it causes emesis. Xylazine 
depresses thermoregulatory mechanisms and may produce either hypothermia or hyperthermia depending on 
the ambient temperature. 

 CVS: It produces transient hypertension, followed by longer lasting hypotension and decreased COP. 

 Clinical uses: Sedative, preanesthetic sedative prior to general anesthesia, inhalation or injectable) local 
anesthesia, as a general anesthetic in combination with ketamine, as emetic in cats. 

Other selective α2-receptor agonists 

 Detomidine, Medetomidine, Romifidine. (These are mostly in veterinary practice as anaesthetics, analgesics like 
xylazine.) 

β1 - ADRENERGIC RECEPTOR AGONIST 

Dobutamine 

Dobutamine is a synthetic direct acting catecholamine with relatively selective β1 receptor agonistic action. Dobutamine 
resembles dopamine structurally, but does not cause release noradrenaline. Hence, dobutamine produces only 
β1 agonistic activity. 

 Pharmacological effects 
o Intravenous infusion of dobutamine increase cardiac contractility and cardiac output, without 

significant change in heart rate, peripheral resistance and blood pressure. Increased myocardial 
contractility may increase oxygen demand and coronary blood flow. Overall, dobutamine is a more 
effective positive inotropic than dopamine, but it does not dilate the renal vascular bed. 

 Pharmacokinetics 
o Being catecholamine, not active when given orally and is given by IV route. As it is rapidly metabolized 

in the liver and other tissue. Its half life is too brief. Hence, it is given by continuous IV infusion. 

 Clinical use 
o Primarily used as an inotropic agent in severe congestive heart failure. 

β2 - ADRENERGIC RECEPTOR AGONIST 

 In general, β2 receptor agonists relax smooth muscles of bronchi and uterus and blood vessels of skeletal 
muscles. At high doses, however, may exhibit β1action on heart. 

 Tachycardia is common after systemic administration which is due to the agonistic action of β1 receptors. 

 Long term use of β2 receptor agonists, may result in their down regulation with subsequent decreased 
pharmacological response. 

 Important selective β2- adrenoceptor stimulant include clenbuterol, terbutaline, isoxuprine, salbutamol 
(albuterol) and orciprenaline ( metaproterenol). Salbutamol has highest ratio of β2: β1action ( about 10 times) 

 These are primarily used as bronchodilators and as uterine relaxants to delay premature labour. 

11: SYMPTHOLYTIC DRUGS  

Learning objectives 

 Information about various anti adrenergic drugs which act selectively or non selectively acting on various 
adrenoceptors is dealt in this module. 

 Pharmacological actions 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
45 

 Therapeutic uses 

ANTIADRENERGIC DRUGS / ADRENERGIC ANTAGONISTS  

 These are drugs that interfere with the functions of the sympathetic nervous system either by blocking the 
adrenergic receptors or by interfering the synthesis, storage or release of nor adrenaline in sympathetic nerve 
terminals. 

 Accordingly these drugs are divided into two groups: 
o Adrenergic receptor antagonists 
o Adrenergic neuron blocking drugs 

Differences between two are 

Adrenergic receptor antagonists Adrenergic neuron blocking drugs 

Act on post junctional or pre junctional 
Receptors 

Act on adrenergic neuron membrane (pre junctional) 

Act by blocking adrenoceptors (alpha and 
beta)  

Act by inhibiting synthesis, storage or release of nor 
adrenaline 

Effects of exogenous adrenergic drugs is 
blocked 

Not blocked 

 

ADRENERGIC RECEPTOR ANTAGONISTS 

 These drugs interact with adrenergic receptors (α and / or β) on effector cells (post junctional) or on adrenergic 
neurons ( pre junctional) and prevent their access to either endogenous catecholamines or exogenous 
adrenergic drugs, except phenoxybenzamine, almost all these drugs act as competitive antagonists. 

 These are further divided into three groups, based on the type of receptors they antagonize: 
o α receptor antagonists (selective and non selective) 
o β receptor antagonists (selective and non selective) 
o α and β receptor antagonists 

 

α - RECEPTOR ANTAGONIST 
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 Inhibit all responses mediated through α adrenergic receptors without affecting those mediated by β adrenergic 
receptors. 

 Based on α-receptors subtypes these drug antagonize. These are further divided into 
o Non-selective α adrenergic receptor antagonists (block both alpha1 and alpha2 adrenoceptors) 

 Haloalkylamine derivatives Eg: Phenoxybenzamine, Dibenamine 
 Imidazoline derivatives: Eg: Tolazoline, Phentolamine 
 Ergot derivatives Eg: Ergotmine, Dihydroergotamine, Dihydroergotoxine 
 Miscellaneous drugs 

 Neuroleptics- Chlorpromazine, Haloperidol 
 Benzodioxan derivatives- Piperoxane, Dibozane 
 Dibenzepine derivatives- Azapetine 

o Selective α - adrenergic receptor antagonists 
 Selective α1 adrenergic receptor antagonists 

 Quinazoline derivatives- Prazosin, Terazosin, Doxazosin, Trimazosin 
 Indole derivatives- Indoramin 
 Miscellaneous drugs- Ketanserin, Urapidil 

 Selective α2- adrenergic receptor antagonists- Yohimbine, Atipamazole 

NON- SELECTIVE α - ADRENERGIC RECEPTOR ANTAGONIST  
(Blocks both alpha1 and alpha2 adrenoceptors) 

Phenoxybenzamine 

It is a non competitive antagonists of both α1 and α2 receptors. 

 Pharmacological effects 
o CVS: causes progressive decrease in peripheral resistance. It causes a fall in blood pressure following 

release of adrenaline during fight and flight. 
o Due to the non availability of α receptors, the released adrenaline acts only β – sub population. 

 Phenoxybenzamine causes cutaneous blood flow to increase, but little effects are observed in skeletal or cerebral 
blood flow. The decreased peripheral resistance increased the COP and reflex tachycardia. The tachycardia is 
accentuated by neither enhanced release of nor adrenaline (because of pre junctional α2 - receptor blockade) 
and its decreased inactivation (because of inhibition of neuronal and extraneuronal uptake by 
phenoxybenzamine). 

 Phenoxybenzamine and other α- receptor antagonist block the α-agonistic actions of exogenously administered 
adrenaline or noradrenaline. In the presence of these antagonists, the pressor response of adrenaline is 
converted to a depressor response and this phenomenon is called “Dale’s adrenaline reversal”. This is because of 
action adrenaline only on β- receptors (as the α-receptors are blocked) that dilate the blood vessels. However, 
the action of nor adrenaline is not reversed, but is either diminished or blocked (nor adrenaline has no action of 
β2 – receptors.) 

 Other effects 
o Causes relaxation of nictitating membrane and blocks pupillary dilation. Urinary incontinence is 

observed due to relaxation of sphincter of urethra and relaxation of base of bladder. There is also failure 
of ejaculation in males. 

o Antagonises the hyperglycaemic effect of adrenaline, as it increases insulin secretion by pancreas (due 
to blockade of α-receptors in pancreas). 

 Side/Adverse effects: Important side effect and adverse effects include: loss of vasomotor tone, hypotension, 
miosis, tachycardia, nasal congestion and inhibition of ejaculation. High doses may cause postural hypotension 
and shock. 

 Clinical uses: Used in small animals for treatment of urinary retention and in treatment of hypertesion 
associated wit phaechromocytoma. 

Tolazoline 

 It is a weak to modest α1 and α2 receptor antagonist. Unlike phenoxybenzamine it is a reversible antagonist. In 
addition to α1 and α2 receptor blockade effects, it has also direct vasodilator and cardiac stimulant actions. It 
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also blocks 5HT receptors and has histamine like gastric secretagogue effect and acetylcholine like motor action 
on intestine. 

 Tolazoline is primarily used as an antidote to xylazine over dosage and to increase blood flow in peripheral 
vasospastic conditions like frost bite. 

Phentolamine 

 It is a close congener of tolazoline. 

 It is more potent in blocking α-receptors compared to tolazoline, but other actions are less pronounced. 

Ergot alkaloids 

 Ergot is a fungus (Claviceps purpurea) that parasitizes rye and other grains. Ergot contains about 12 alkaloids ( 
six isomeric pairs) and the naturally occurring l-forms are much more active than the d- forms. These alkaloids 
act as partial agonists or antagonists at α- adrenergic, tryptaminergic and dopaminergic receptors. Different 
groups of ergot alkaloids are: 

o Ergotamine group: These cause adrenergic blockade but have little effect on non vascular smooth 
muscles. Eg: Ergotamine, Ergosine 

o Ergotaxine group: This group of alkaloids have alpha blocking activity and in addition stimulate 
vascular smooth muscle and uterus. Eg: Ergocrytpine, Ergocristine, Ergocornine. 

o Ergometrine group: Have a weak adrenoceptor blocking activity, but are powerful stimulants of uterus 
(myometrium). Eg: Ergometrine ( Ergonovine). 

 Pharmacological effects: Most important effects are seen on cardiovascular system and uterine smooth muscle. 

 Cardiovascular system: Initially cause direct peripheral vasoconstriction and pressor response that may persist 
for longer duration. Larger doses may cause blockade of α- receptors and can reverse the pressor response of 
adrenaline to depressor action. Still larger doses cause intense and persistant peripheral vasoconstriction 
leading to stasis of blood, thrombosis and obliterative endoarterities causing gangrene and sloughing of 
extremities ( ergotism). 

 Other effects: Initially stimulate the central nervous system followed by depression. Stimulates the 
chemoreceptor trigger zone and produce vomition. It also stimulates gastrointestinal tract and uterine smooth 
muscles. 

 Clinical uses: Ergometrine is primarily used for contraction of the uterus post-partum. 

 Other drugs: Although neuroleptic drugs like chlorpromazine and haloperidol produce significant α- receptor 
blockade effect , these are not clinically used for α – receptor blockade  because of their many other 
pharmacological actions. 

SELECTIVE α - ADRENERGIC RECEPTOR ANTAGONIST 

Quinazoline derivative 

 Prazosin 
o Prazosin is extremely potent highly selective α1 adrenoceptor blocking drug with no action on 

α2 receptors. It has 1000 times more greater affinity to α1receptors than for α2 receptors. 
o It decreases peripheral vascular resistance and lowers blood pressure, by relaxing both arterial and 

venous smooth muscle. It also decreases venous return to the heart. 
o Unlike other non-specific α- receptor blockers, prazosin does not cause reflex tachycardia. This is 

because prazosin decrease cardiac pre-load and also does not cause release of nor adrenaline from 
sympathetic nerve endings in myocardium due to its no action on the pre junctional α2- receptors. There 
are minimum changes in cardiac output, renal blood flow and glomerular filtation rate. 

 Clinical uses: Treatment of systemic hypertension or pulmonary hypertension. 

Selective α2-adrenoceptor antagonists 

 Yohimbine 
o It is a competitive antagonist with selective action on α2- receptors. It is an alkaloid with structural 

resemblance to reserpine obtained from Pausinystalia yohimbe. 
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o Yohimbine produces a short duration competitive blockade of α2 adrenergic receptor and 5-HT 
receptors. 

o By blocking central α2 –adrenergic receptors releases nor adrenaline and increases sympathetic outflow. 
This results in increased heart rate and blood pressure. However, as it also blocks the peripheral post-
junctional α2 receptors. It causes vasodilatation and hypotension usually predominate. The vasodilator 
effect of yohimbine in male genetalia causes penile erection. 

o Yohimbine crosses readily the blood brain barrier and produces central nervous excitation, motor 
activity, ADH release, nausea and vomiting. It also antagonizes the effects of xylazine. 

 Clinical uses: Yohimbine is used to antagonize the over dosage effects of xylazine. 

β - ADRENERGIC RECEPTOR ANTAGONIST 

 Depending on the selectivity for β-receptor blockade, these are grouped as follows: 
o Non selective β-adrenergic receptor antagonists (beta 1 and 2). Eg: Propranolol, Nadolol, Pindolol, 

Timolol, Sotalol. 
o Selective β-adrenergic receptor antagonists 

 Selective β1-adrenergic receptor antagonists. Eg: Metoprolol, Atenolol, and Esmolol 
 Selective β2-adrenergic receptor antagonist. Eg: Butoxamine. 

NON SELECTIVE β - ADRENERGIC RECEPTOR ANTAGONIST 

Propranolol 

It interacts with both β1 and β2 receptors and blocks them competitively. It has powerful local anesthetic effect also. 

 Cardiovascular effects 
o Blockade of β1 –receptors produces decrease in heart rate, force of contraction and cardiac output. 

These are more evident during stress or exercise. 
o Cardiac work and oxygen demand are reduced. The AV conduction time is slowed, ectopic pacemaker 

activity is reduced and automaticity is suppressed. 
o Propranolol blocks cardiac stimulant action of adrenergic agonistic drugs, but not that of digitalis, 

Ca++ or methylxanthines. 

 Propranolol increases peripheral vascular resistance as a result of blockade of vascular β2- receptors. Hence, 
blood flow to all organs, except heart decreases. Propranolol blocks vasodilatation and fall in blood pressure 
caused by adrenaline. Pressor response of noradrenaline is slightly reduced due to blockade of cardiac 
β1response. 

 Propranolol blocks β2- adrenergic receptors in bronchial smooth muscle leading to increased airway resistance. 
This bronchoconstriction is more marked in asthmatic patients. 

 Propranolol blocks adrenaline induced lipolysis and glycogenolysis. 

 Clinically used as an anti arrhythmic drug. 

SELECTIVE β - ADRENERGIC RECEPTOR ANTAGONIST 

Selective β1 – receptor antagonists 

 Metoprolol is the prototype of cardioselective β1- receptor blockers. Its potency to block β1- receptors equals that 
of propranolol, but about 50-100 times higher dose is required to block β2-receptors. 

 Cardiovascular effects secondary to metoprolol’s negative inotropic and chronotropic actions include decreased 
sinus heart rate, slow AV conduction, decreased cardiac output, myocardial oxygen demand and reduced blood 
pressure. It reduces plasma renin activity in hypertensive patients. Unlike propranolol, metaprolol as relatively 
little effect on pulmonary function, peripheral resistance and carbohydrate metabolism. 

 Clinical uses: It is used in arrhythmias, systemic hypertension, ventricular hypertrophy. 

 Atenolol 
o Unlike propranolol and metoprolol, atenolol has very low lipid solubility, so it penetrates the brain only 

to a very limited extent. 

 Esmolol 
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o It is an ultra short acting β1-rceptor blocker. It is given IV when β1- receptor blockade is required for 
short duration. It is very useful for the investigation and immediate therapy of tachycardia. 

Selective β2-adrenergic receptor antagonists 

 Butoxamine 
o It is relatively β2-adrenergic receptor antagonist. 
o It is not used clinically as blockade of β2- adrenergic receptors has no therapeutic applications and on 

the other hand causes bronchoconstriction. 

α AND β - ADRENERGIC RECEPTOR ANTAGONIST 

Labetolol 

 Labetolol at lower doses blocks only β receptors but at higher doses blocks both α and β receptors. 

 Though it non selectively blocks β1 and β2 receptors, its α- receptor blockade is limited to only α1-receptors. 

 Labetolol produces fall in blood pressure without producing peripheral vasoconstriction. 

 Used for treating hypertension. It is also an important experimental tool. 

THERAPEUTIC USES 

 Cardiovascular shock – These drugs can be used to overcome compensatory vasoconstriction. They must be 
used in conjunction with adequate fluid therapy to increase tissue perfusion. 

 Pheochromocytoma – Can be used to overcome hypertensive attacks and to counteract effects of manipulation 
of tumor during surgical removal. (These drugs are used in combination with β blockers). 

 Hypertension – Prazosin is used in hypertension. 

 Epinephrine reversal (Dale’s vasomotor reversal): Epinephrine acts both on   α  and β  receptors. When given in 
high doses the vasoconstrictor effect and a rise in blood pressure are observed. But, when the a receptors are 
blocked using ergot like drugs / alpha 1 blockers and then the same dose of epinephrine is repeated, the a action 
on blood pressure is blocked and only the β receptors are free to act. Hence a fall in blood pressure is noticed 
instead of a rise. This is known as epinephrine reversal. 

β-adrenergic antagnoists 

 Non-selective antagnoists (Interact with β1 and β2 with equal potency) 

 Dichloroisoproterenol was the first β -blocker to be synthesized. It is not used clinically, however, because it 
initially stimulates receptors (partial agonist). 

 Propranolol (Inderal) as well as several others including Timolol Alprenolol, Pindolol, Nadolol, Sotalol are non-
selective β-receptor antagonists and block β1 and β2 receptors with equal potency. 

Pharmacological Actions 

 Heart 
o Decrease in heart rate and force of contraction and cardiac output (minimal under resting conditions). 

Maximum exercise tolerance is reduced, partly because of the limited cardiac response but also because 
the β mediated vasodilatation in skeletal muscle is reduced. Coronary flow is reduced, but relatively less 
than myocardial oxygen consumption, so oxygenation of the myocardium is improved. β -Adrenergic 
receptor blockers can aggravate heart failure. 

 Bronchioles 
o Slight increase in airway resistance due to bronchonconstriction and should therefore be avoided in 

bronchoconstrictor disorders such as asthma and allergic reactions. In these disorders non-selective β 
antagonists by themselves can cause severe bronchoconstriction, which is unresponsive to b agonists. 

 Metabolic Effects 
o Can cause hypoglycemia by inhibiting β -receptor mediated adrenergic responses and should be used 

with caution in patients prone to hypoglycemia or in diabetes with insulin treatment. 
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Therapeutic Uses 

 Cardiac arrhythmias - Can be used for supraventricular and ventricular arrhythmias, and are especially valuable 
in anesthetic and digitalis-induced arrhythmias. They have been shown to reduce the incidence of death from 
ventricular fibrillation during heart attacks. 

 Post-myocardial infarction - Prophylactically reduces incidence of recurrent myocardial infarction in individuals 
with recent history of infarction. 

 Glaucoma - Production of aqueous humor is reduced, lowering intraocular pressure. The mechanism of this 
effect is not clear. The advantage over cholinergic agonists is that accommodation and pupillary reactions are 
unaffected. 

 Pheochromocytoma ( adrenal medullary tumour) - Can be useful for managing tachycardia and arrhythmias 
and during surgery (in combination with a blockers). 

 Hypertension - Usually used in combination with a diuretic. This is a common use in human medicine. Patients 
with hypertension show a gradual fall in arterial pressure that takes several days to develop fully. 

 Angina pectoris - Used prophylactically in human medicine because of improved oxygenation of myocardium. 

 Hyperthyroidism - Can be used to control many of the symptoms . 

 12: ADRENERGIC NEURON BLOCKING DRUGS 

Learning objectives 

This module deals about various  adrenergic neuron blocking drugs that affect noradrenaline synthesis, noradrenaline 
storage, noradrenaline release and noradrenaline reuptake. 

ADRENERGIC NEURON BLOCKING DRUGS 

 These drugs act on pre junctional adrenergic neurons to interfere with or adrenaline synthesis, storage or 
release. 

 Some drugs also affect the reuptake of the released nor adrenaline from synaptic cleft. Accordingly these are 
divided into: 

o Drugs that affect noradrenaline synthesis: Eg: α-methyl-p-tyrosine, Carbidopa, α- methyldopa. 
o Drugs that affect noradrenaline storage.Eg: Reserpine. 
o Drugs that affect noradrenaline release. Eg: Guanethedine, Guanadral, Reserpine, Bretylium 
o Drugs that inhibit noradrenaline reuptake. Eg: Tricyclic antidepressants like imipramine, amitriptyline, 

cocaine etc., 

DRUGS THAT AFFECT NORADRENALINE SYNTHESIS 

 α - methyl-p- tyrosine: (Metyrosine) It is a structural analogue of tyrosine. On administration it is taken up by 
the adrenergic neurons and adrenal medulla where it blocks the enzyme tyrosine hydroxylase. This results in 
failure of synthesis of noradrenaline, adrenaline and dopamine. 

 Carbidopa: It is a dopa derivative that inhibits dopa-decarboxylase enzyme peripherally. Central dopamine 
synthesis is unaffected as it cannot cross blood brain barrier. 

 α-methyl dopa 
o It is an analogue of l-dopa, the precursor of dopamine and noradrenaline. 
o α-methyl dopa is taken up by adrenergic neurons, mainly CNS, where it is decarboxylated and then 

dehydroxylated to from α-methyl noradrenaline is a potent α2- receptor agonist and thus inhibits 
sympathetic discharge from the brain, which in turn causes peripheral vasodilation and reduction of 
total peripheral resistance. 

o It indirectly also causes reduced synthesis of true transmitter i.e., noradrenaline. 

DRUGS THAT AFFECT NORADRENALINE STORAGE 

Reserpine 
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 It is a alkaloid obtained from the plant Rauwolfia serpentina. This blocks the transport of noradrenaline and 
other biogenic amines into synaptic vesicles, apparently by binding to the transport system. Thus the 
noradrenaline in the neuronal cytoplasm is metabolized by the enzyme MAO and is not stored in the synaptic 
vesicles. 

Mechanism of action 

  
o Reserpine irreversibly binds to the storage vesicle in central and peripheral adrenergic neurons and 

blocks Mg++-ATP dependant transport of biogenic amines-noradrenaline and dopamine from cytoplasm 
into the storage vesicles. Thus adrenergic nerve terminals cannot concentrate noradrenaline and its 
precussor dopamine in storage vesicles. 

o In addition it also causes leakage of stored noradrenaline into cytoplasm, where it is stored by MAO. 
Ultimately reserpine causes depletion of noradrenaline in sympathetic nerve endings. 

 Pharmacological effects 
o Reserpine produces slowly developing fall in blood pressure, decrease in peripheral resistance and 

bradycardia. Renal and cerebral blood flow is unchanged due to suppressed sympathetic activity. High 
doses of reserpine causes depletion of catecholamines and 5HT in brain an produces sedation an 
depression. 

 Side/adverse effects 
o Because of suppressed overall sympathetic activity, there is predominance of parasympathetic over 

activity in many systems. This causes bradycardia, diarrhea, increased gastric acid secretion an miosis. 

 Clinical uses: Rarely used because of adverse effects. 

DRUGS THAT AFFECT NORADRENALINE RELEASE 

 The mechanisms by which these drugs interfere with release of noradrenaline include: 
o inhibition of noradrenaline release in response to depolarization of the nerve terminal and/or 
o complete depletion of noradrenaline from its storage sites.   

Guanethidine 

 It is selectively inhibits release of noradrenaline from peripheral postganglionic adrenergic neurons, with no 
effect on adrenal medulla. 

 Mechanism of action 
o Guanethidine has complex mechanism of action. 
o It has bretylium like effect-blocks nerve impulse coupled release of stored noradrenaline 
o Tyramine like effect-displaces noradrenaline from storage vesicles 
o Reserpine like effect-causes gradual depletion of noradrenaline in storage vesicles 
o Blocks uptake1 carrier transport system for noradrenaline 
o When chronically administered guanethidine acts as a “substitute neurotransmitter”, as it is stored 

noradrenaline storage vesicles and is released by stimuli that normally release noradrenaline. 
o Has some local anesthetic like action 
o Guanethidine in large doses caused structural damage to adrenergic neurons. 

 Pharmacological effects 
o Following oral administration, guanethidine produces fall in blood pressure and bradycardia, because of 

decreased release of noradrenaline. However, after IV administration, it produces characteristic 
triphasic response in blood pressure. 

o Initially it produces decrease in blood pressure (due to decreased peripheral resistance an cardiac 
output, resulting from initial noradrenaline blockade). 

o The fall is then followed by increase in blood pressure (due to release of noradrealine) and then finally 
there is fall in blood pressure ( due to depletion of noradrenaline). 

 Clinical uses: Seldom used in veterinary practice. 

Bretylium 
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 Inhibits the release of noradrenaline, accumulates in nerve terminals and exerts a selective local anesthetic 
effect on sympathetic nerve terminals. 

 It does not block release of catecholamines from adrenal medulla and does not affect nerve terminals other than 
those that release nor adrenaline. 

 Bretylium also has effect on K+ channels in myocardium and exerts anti arrhythmic effect. 

DRUGS THAT INHIBIT NORADRENALINE REUPTAKE 

 Neuronal reuptake of released noradrenaline (uptake1) is the most important mechanism by which sympathetic 
neurotransmission is terminated. 

 Thus drugs that inhibit this uptake1 process cause accumulation of noradrenaline in synaptic cleft, which results 
in enhancement of sympathetic activity. 

Tricyclic antidepressants 

 Drugs like imipramine and desimipramine block noradrenaline and 5HT uptake by nerurons. Major effects are 
seen in the central nervous system with this group of drugs. 

Cocaine 

 It is an alkaloid obtained from Erythroxylum coca with  local anaesthetic alkaloid. Besides the local anesthetic 
action, cocaine also blocks Na+-K+-activated ATPase required for transport of noradrenaline into neurons across 
the cell membrane (uptake1) 

 13: DRUGS ACTING ON AUTONOMIC GANGLION  

Learning objectives 

This module deals about various ganglionic stimulants and their pharmacological actions, ganglionic blockers and their 
pharmacological actions and about autonomic pharmacology of eye. Here the  previous learning about the innervation 
on eye will be very useful. How various drugs affect the eyes are discussed. 

DRUGS ACTING ON AUTONOMIC GANGLIA 

 Drugs acting on autonomic ganglia act on both sympathetic and parasympathetic ganglia without specificity and 
either (stimulate or inhibit discharges from post ganglionic fibres). These are classified into 

o Autonomic ganglionic stimulating drugs 
o Autonomic ganglionic blocking drugs 

Autonomic Ganglionic Stimulating Drugs 

 These are further divided into 
o Natural alkaloids. 

 Eg. Nicotine, Lobeline 
o Synthetic drugs. 

 Eg.Tetramethyl ammonium (TMA), 
 Dimethyl Phenyl Piperazinium (DMPP) 

Autonomic ganglionic blocking drugs 

 These are subdivided into 
o  Persisting depolarizing ganglionic blocking drugs. 

 Eg. Nicotine (large doses) 
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o Non-depolarizing ganglionic blocking drugs. 
 Eg. Hexamethonium, Pentalinium, Pentamethonium, Mecamylamine, pempidine, 

Trimethaphan 

  Since drugs acting on autonomic ganglia affect both sympathetic and parasympathetic postganglionic fibers, 
the overall effects of these agents on various functions are depended upon the predominance of sympathetic or 
parasympathetic tone in particular structure as detailed below 

Organ Predominant 
tone 

Effect of ganglionic stimulation Effect of ganglionic blockade 

Cardiovascular system 
& blood vessels 

Sympathetic Vasoconstriction, hypertension , 
decreased peripheral blood flow 

Vasodilation, hypotension , 
increased peripheral blood flow, 
decrease venous return,, pooling 
of blood 

Heart Parasympathetic Bradycardia Tachycardia 

GI tract Parasympathetic Increased tone and motility, 
increased secretion , defecation 

Increased tone and motility, 
constipation 

Eye Parasympathetic 

Parasympathetic 

Miosis 

- 

Mydriasis 

Cycloplegia 
Iris 

Ciliary muscle 

Urinary bladder Parasympathetic Urination Urine retention 

Salivary glands Parasympathetic Watery salivation Dry mouth 

Sweat glands Sympathetic 

(Adrenergic) 

Increased sweating Anhydrosis 

 

GANGLIONIC STIMULANTS 

 Ganglionic stimulants can be classified as  
o Selective nicotinic agonists include: Nicotine in small doses, lobeline, dimethyl phenyl piperazinum 

iodide, tetramethyl ammonium. 
o Non-selective/muscarinic agonists include: Acetylcholine, carbachol, pilocarpine and 

anticholinesterases. 

 Ganglionic stimulants do not find much clinical uses. 

 Nicotine is available as transdermal patches for the treatment of    nicotine   dependence and as an aid to 
smoking cessation. 

 Side effects of these patches include: headache, insomnia, flu like symptoms, dyspepsia, loose motion and local 
irritation. 

PHARMACOLOGICAL ACTIONS OF GANGLIONIC STIMULANTS 

 Central nervous system 
o Nicotine is an extremely toxic substance that transiently stimulates and then depresses the CNS. 
o Death is from respiratory paralysis of the diaphragm and chest muscles resulting from descending 

paralysis. 
o Nicotine is absorbed through the chitinous shell of insects after a direct spraying or after contacting a 

sprayed surface and kills the insect by paralysis. 

 Cardiovascular system 
o Small doses of nicotine activate both caridoaccelerator and cardioinhibitory nerves. Since 

cardioinhibitory nerve is more predominant, decreased pulse rate is noticed. 
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o Due to paralysis of the autonomic ganglia after a large dose of nicotine, the heart rate returns towards 
normal. 

o Small doses of nicotine can cause a pressor response due to the sympathetic stimulation. 
o Peripheral vasodilatation results after a large dose due to autonomic ganglionic blockade. 

 Gastrointestinal system 
o Activates both the smooth muscles and secretory glands of the digestive tract and produce excessive 

salivation, increased gastric secretion, vomiting, increased peristalsis and defecation. 

 Skeletal muscle 
o Initially stimulates nicotinic receptors of the motor end plate and in large doses produces a depolarising 

muscle paralysis. 

 Acute nicotine poisoning 
o Excitement, hyperapnea, salivation, pulse rate irregularities, diarrhoea and emesis. After this transient 

stimulatory phase, a depressed state characterised by incoordination, tachycardia, dyspnoea, coma and 
death from respiratory paralysis. 

GANGLIONIC BLOCKERS 

 Small doses of nicotine can stimulate autonomic ganglion cells and large doses can block the transmitter 
functions of acetylcholine at the same sites. 

 Though it was originally believed that ganglionic neurons have only nicotinic receptors, it has now been 
demonstrated that secondary excitatory pathway that is apparently muscarinic and inhibitory catecholaminergic 
mechanisms have also been demonstrated. But the drugs that exert significant autonomic ganglionic blocking 
effect do so, by blocking the nicotinic receptors. 

Nicotine 

 Nicotine is a liquid alkaloid obtained from the tobacco plant. (Nicotiana tobacum) 

 Though it was the original autonomic ganglionic agent, it is not used clinically for this purpose. 

 PHARMACOLOGICAL ACTIONS OF GANGLIONIC BLOCKERS 

Organ Predominant tone Effects of ganglionic blockade 

Cardiovascular - Overall depression 

Arterioles Sympathetic Vasodilatation, increased peripheral 
blood flow, hypotension 

Veins Sympathetic Vasodilatation, pooling of blood, 
decreased venous return 

Heart Parasympathetic Tachycardia 

Gastrointestinal tract Parasympathetic Decreased tone and motility, 
constipation 

Eye - - 

Iris Parasympathetic Mydriasis 

Ciliary muscle Parasympathetic Cycloplegia 

Urinary bladder Parasympathetic Urinary retention 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
55 

Salivary glands Parasympathetic Dry mouth 

Sweat glands Sympathetic Anhydrosis 

Bronchioles Parasympathetic Relaxation, decreased secretion 

AUTONOMIC PHARMACOLOGY OF THE EYE 

 The sphincter muscles (constrictor pupillae) are innervated by the parasympathetic system. 

 Stimulation of these muscles results in contraction of the muscle and in turn pupillary constriction (miosis). 

 Radial muscles are innervated by the sympathetic system. 

 Stimulation of these muscles results in contraction of dilator muscles and in turn pupillary dilatation 
(mydriasis). However, the activity of parasympathetic system predominates. 

 The ciliary muscles receive modest sympathetic innervation. Parasympathetic activity of ciliary muscle leads to 
contraction of the ciliary muscle, relaxation of the ligaments to the lens and the lens becomes more globular 
with accommodation to near vision. 

Atropine 

 causes relaxation of the iris sphincter muscle pupillary diatation. 

 Atropine has a very long duration of action on the iris. 

 Atropine causes relaxation of the ciliary muscle and paralysis of accommodation (cycloplegia). This effect is also 
long lasting. 

Pilocarpine 

 causes contraction of the iris sphincter and miosis. 

 Pilocarpine can counter the mydriasis caused by atropine. 

 On the cilicary muscle pilocarpine and cholinesterase inhibitors cause contraction and in turn accommodation 
to near vision. 

 Shorter acting muscarinic antagonists like tropicamide have been developed for use in ophthalmology. 

 Ganglionic blockade also causes cycloplegia. 

Glaucoma  

 In glaucoma parasympathomimetic and anticholinesterase drugs produce a fall in intraocular pressure mainly 
by lowering the resistance to outflow of aqueous humor. 

 In narrow angle glaucoma, which is acute congestive, drugs are used to reduce pressure at the time of attack and 
until surgery (iridectomy). 

 The outflow of aqueous humor is facilitated, by freeing the entrance to the trabecular space at the canal of 
Schlemm from blockade by iris tissue. 

 This is accomplished by inducing miosis and contraction of the ciliary muscle. Drugs useful in narrow angle 
glaucoma include parasympathomimetic drugs like physostigmine and pilocarpine, carbonic anhydrase 
inhibitors like acetazolamide (they inhibit the formation of aqueous humor) and osmotic diuretics like mannitol 
and glycerine (they produce intraocular dehydration). 

 Atropine either applied locally for ophthalmology or given parenterally prior to anaesthesia and other 
sympathomimetics and antihistaminics are contraindicated in narrow angle glaucoma as they can precipitate an 
attack of acute congestive glaucoma. 

 In wide angle glaucoma, which is chronic and simple surgical correction is not possible. Long term correction 
with drugs like pilocarpine, physostigmine or carbachol is necessary. 

 Diisopropylfluorophosphate or echothiophate can be used to treat glaucoma. Their major advantage is frequent 
ocular administration is not required. Other drugs used include timolol, epinephrine, phenylephrine, prazosin 
and acetazolamide are also useful in wide angle glaucoma. 

14: AUTACOID PHARMACOLOGY  
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Learning objectives 

In this module we will discuss about what is an autacoid and how does it differ from hormones? 

 Synthesis, storage and metabolism of histamine which is one of the major autacoid 

 Pathophysiological role in inflammatory process, allergy, its effect on blood pressure and its role in triple 
response. 

AUTACOIDS 

 Autacoids are a group of diverse substances produced by a wide variety of cells in the body. 

 The term autacoid is derived from Greek word meaning “Self remedy” (Autos – self, akos – remedy or healing 
substance). 

 These substances have intense biological activity. 

 They generally act locally (within inflammatory pockets) at the site of their synthesis and release. 

 They are also known as local hormones. 

 These substances differ from the other hormones in the following points. 
o Hormones are produced by specific cells while autacoids, are produced by a wide variety of cells. 
o Hormones are transported through circulation to act at distant target organ while autacoids act at the 

site of synthesis and release. 
o Hormones generally act slowly while autacoids act fast. 

Clinical relevance 

 They are involved in a number of physiological and pathological processes, especially to injury and 
immunological insult. 

 They also serve as transmitters or modulators of the nervous system. 

 They are classified as follows based on their structure. 
o Amine autacoids – Histamine, 5-hydroxy tryptamine ( 5 HT, serotonin) 
o Peptide autacoids - Plasma kinins ( Bradykinin, Kallidin ), Angiotensin 
o Lipid derived autacoids - Prostaglandins, Leukotrienes,Platelet activating factor(PAF). 
o  Cytokines, gastrin, somatostatin and vasoactive intestinal polypeptide(VIP) are also categorised as 

autacoids . 

HISTAMINE 

 Histamine is a tissue amine derived from the word histos meaning “tissue”. 

 Histamine is present in animal tissues and certain plants (stinging nettle). 

 This autacoid is a mediator of hypersensitivity phenomenon and tissue injury reactions. 

 It is stored in storage granules of mast cells (tissue phagocytes) and basophils. 

 Tissues rich in histamine are skin, gastric and intestinal mucosa, lungs, liver and placenta. 

 Non-mast cell histamine occurs in the brain, epidermis, gastric mucosa and growing region. 

 The turnover of mast cell histamine is slow, while that of non-mast cell is fast. 

 Histamine is also present in blood, most body secretions, venom and pathological fluids. 

Release of histamine 

 Histamine is released during the following situations 
o Allergic reactions 
o Cellular injury that may be caused by mechanical, thermal or radiation stimulus 
o Administration of certain drugs / compounds  like morphine, d-tubocurarine, succinylcholine, contrast 

medium, vancomycin, 48/80 etc. 

 Histamine is released from mast cells in response to IgE-mediated allergic reactions secondary to presentation 
of an antigen and is one of the principal mediators of hay fever, allergic rhinitis, urticaria and angioedema. 
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SYNTHESIS, STORAGE AND DESTRUCTION OF HISTAMINE 

 Histamine is β-imidazolylethylamine. 

 It is synthesised locally from the amino acid histidine and degraded rapidly by oxidation and methylation. 

 In the mast cells histamine (positively charged) is held by an acidic protein and heparin (negatively charged) 
within the granules. 

 When the granules are extruded by exocytosis, sodium ions from the extracellular fluid undergoes, an exchange 
with histamine and releases it free. 

 Increase in intracellular cAMP inhibits this release. 

 Hence drugs that increase intracellular cAMP inhibit histamine release. Eg: Adrenaline. 

 Histamine is inactive orally because liver degrades all histamine that is absorbed from the intestines. 

 

HISTAMINE RECEPTORS 

 Three receptors have been identified as responsible for the pharmacological effects of histamine. They are H1, 
H2 and H3 receptors. 

 H1 receptors are present in the bronchial, intestinal smooth muscles and CNS. 

 They are also present in the vascular smooth muscles. 

 This receptor mediates endothelial cell and smooth muscle responses to histamine. 

 Activation of peripheral H1 receptors causes bronchoconstriction, vasodilatation, increased vascular 
permeability and stimulation of sensory nerve endings. 

 The effector system for the H1 receptor appears to be activation of phospholipase C, production of inositol-1,4,5-
trisphosphate and increased intracellular Ca2+.  

 H2 receptors are present in the gastrointestinal tract and control gastric acid secretion. 

 They are also present in the vascular smooth muscles. 

 Activation of H2 receptors stimulates adenylyl cyclase and increases the intracellular concentration of cAMP. 

 This receptor increases gastric acid secretion by the parietal cell. 

 H2 receptors on vascular smooth muscle cells make a minor contribution to the vasodilatation caused by 
histamine release (slower in onset but more sustained). 

 H3 receptors are considered as auto receptors as they are responsible for the feed back regulation of histamine 
synthesis and release in many organ systems. 

 They are also found on certain human autonomic nerve terminal, in arterial tissue and CNS. 

PHARMACOLOGICAL ACTION 

 On blood vessels 
o On the blood vessels the actions of histamine are mediated by both H1 and H2 receptors. 
o Dilatation of small blood vessels including arterioles, capillaries and venules occurs. 
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o On subcutaneous administration flushing, heat, increased heart rate and cardiac output with little or no 
fall of blood pressure is observed. 

o After rapid intravenous administration, a fall of blood pressure is noticed which is mediated by both 
H1 and H2 receptors. 

o H1 receptors are responsible for an early short acting effect and H2 receptors are responsible for a slow 
but more persistent effect on blood pressure. 

o However, with small doses, only the H1 receptors are stimulated. 
o The effects of histamine on blood pressure can only be completely reversed, by giving both H1 and 

H2 blockers. 
o Dilatation of cranial blood vessels cause pulsatile headcahe. 
o Vasodilatation caused by histamine is partly due to EDRF. 
o Larger arteries and veins are constricted. 
o Histamine also causes increased capillary permeability due to separation of endothelial cells and 

exudation of plasma. 
o On intra dermal injection histamine causes a triple response of Lewis, which consists of flush, flare and 

wheal. 
o Red spot or flush is due to intense capillary dilatation 
o Flare - Redness in the surrounding area is due to arteriolar dilatation mediated by axon reflex. 
o Wheal is an elevated area due to exudation of fluid from the capillaries and venules. 

 On heart 
o Direct effects of histamine on the heart are not prominent. But, the isolated heart is stimulated. 

 On visceral smooth muscle 
o Histamine causes bronchoconstriction. 
o Asthmatic individuals are highly sensitive to histamine. 
o Gastrointestinal motility is increased. 
o In larger doses it causes abdominal cramps and colic by increasing intestinal contractions. 
o Effect on uterine smooth muscle differs from species to species. 

 On glands 
o Histamine causes a marked increase in gastric secretion – primarily of acid and also of pepsin.  
o This action is exerted on the parietal cells through H2 receptors. 
o The response to histamine with gastric, salivary, pancreatic, bronchial and lacrimal is variable.  

 On sensory nerve endings 
o Itching occurs when histamine is injected and higher concentrations injected deeply cause pain. 
o Histamine stimulates the nerve endings to produce these effects. 

 On autonomic ganglia and adrenal medulla 
o Histamine causes a stimulation of autonomic ganglia and adrenal medulla. 
o This in turn induces release of adrenaline and rise of blood pressure. 

 On central nervous system 
o Histamine does not cross the blood brain barrier and hence no central effects are seen normally. 
o However, it appears to be a neurotransmitter where it may regulate wakefulness and appetite. 
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PATHOPHYSIOLOGICAL ROLES 

 Gastric secretion 
o Histamine has a dominant physiological role in mediating secretion of hydrochloric acid in the stomach 

through the H2 receptors. 
o H2 blockers block acid secretion and also diminish the secretion in response to acetylcholine and 

gastrin. 

 Allergic phenomema 
o Histamine is one of the mediators of allergy and plays a role in causing urticaria, angioedema, 

bronchoconstriction and anaphylactic shock. 

 Transmitter 
o Histamine is believed to be a transmitter also in CNS, which initiates the sensation of itch and pain at 

the sensory nerves. 

 Inflammation 
o Histamine has been implicated as a mediator of vasodilatation and other changes that occur during 

inflammation. 

 Tissue growth and repair 
o Histamine is suggested to play an important role in tissue growth and repair. 

 Headache 
o Histamine has been implicated in certain vascular headaches. 

USES OF HISTAMINE 
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 Histamine does not have any clinical use. 

 It was used for the diagnosis of : 
o In pheochromocytoma (tumour of the adrenal medulla) histamine causes a rise in blood pressure after a 

dose of histamine in these patients instead of the fall in blood pressure in normal individuals. 
o Achlorhydria (lack of hydrochloric acid secretion in the stomach) – for this purpose H2 agonists like 4-

methyl histamine or diamprit, or pentagastrin are preferred because histamine has pharmacological 
actions on the other systems when given for this purpose and alarming side effects may be produced. 

o Integrity of sensory innervation and circulatory competency by testing for the triple response. 
(Eg: Leproitic spots) 

 Repeated injections of histamine has also been attempted to desensitize patients with allergy. 

 Cromolyn sodium (Sodium cromoglycate) 
o This drug inhibits the release of histamine and other substances that are released during allergy. 
o Stabilizes the mast cell membrane  and prevents degranulation of mast cells following antigen-antibody 

reaction.  
o It is useful in the prophylaxis of asthma. 
o It is not effective in patients with asthma having an allergic component. 
o It is not effective after exposure and is not useful in acute asthmatic attack. 
o It is available as dry powder for inhalation, solution for inhalation and as eye drops. 

15: CLASSIFICATION OF ANTIHISTAMINES  

Learning objectives 

This module deals with 

 Classification of antihistamines 

 Pharmacological actions of antihistamines 

 Pharmokinetics Resource Side effects and toxicity  

 Clinical uses 

CLASSIFICATION OF ANTIHISTAMINES 

Classification H1 antagonists based on chemical structure 

 These drugs are classified into different groups based on their chemical class and also based on the sedation 
produced as side effect. 

o First generation 
 Ethanolamines – Eg: Diphenhydramine 
 Ethylenediamines - Eg: Triplenamine 
 Alkylamines - Eg: Chlorpheniramine 
 Piperazines - Eg: Cyclizine 
 Phenothiazines - Eg: Promethazine 

o Second generation 
 Alkylamines - Eg: Acrivastin 
 Piperazines - Eg: Terfenadine, Cetirizine 

Classification based on sedation 

o First generation 
 High sedation - Eg: Diphenhydramine ,Dimenhydramine,Promethazine 
 Moderate sedation - Eg: Pheniramine, Antazoline, Trimeprazine, Cyproheptadine 
 Low sedation - Eg: Chlorpheniramine, Mepyramine 

o Second generation 
 No sedation - Eg: Terfenadine,Astemizole,Loratadine,Cetirizine 
 Anti vertigo - Eg: Cinnarizine 
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PHARMACOLOGICAL ACTIONS OF ANTIHISTAMINES 

Antagonism of histamine 

 These drugs block the histamine induced, bronchoconstriction, contraction of the intestinal and other smooth 
muscles and the triple response. 

 Fall of blood pressure by low doses of histamine can be blocked, but additional doses of H2 antagonists are 
required to block the fall completely. 

 Release of adrenaline from the adrenal medulla can be abolished by pretreatment with antihistaminics. 
Constriction of larger blood vessels is also antagonised. 

 Action of histamine on gastric secretion is singularly not affected by these drugs. 

Antiallergic action 

 Many manifestations of immediate hypersensitivity are suppressed. Urticaria, itching and angioedema are well 
controlled. 

 Anaphylactic fall in blood pressure is only partially prevented. The drug of choice for anaphylactic shock is only 
epinephrine. 

On central nervous system 

 The older (first generation) antihistamincs produce variable degree of CNS depression. 

 This is dependent on the compound’s ability to penetrate blood brain barrier and its affinity for the central 
H1 receptors. 

 Some individuals experience stimulant effects like restlessness and insomnia. 

 Excitement and convulsions are frequently seen at toxic doses. The second generation antihistaminics are 
practically non sedating. 

 Based on their central nervous system depression, some antihistaminics are used for preventing motion 
sickness, to reduce tremors, rigidity and sialorrhoea of Parkinsonism. 

 Some are also effective as antitussives. 

Anticholinergic action 

 Antagonistic to muscarinic actions of acetylcholine. If used concurrently with atropine or its substitutes, 
phenothiazines, tricyclic antidepressants or disopyramide, the anticholinergic action adds up. 

 Second generation antihistaminics are not anticholinergic. 

Local anaesthetic 

 Some drugs like mepyramine and antazoline have strong while others have weak membrane stabilizing 
property. 

 However, they are not used clinically as local anaesthetics because they cause irritation when injected. 

On blood pressure 

 Most antihistaminics cause a fall in blood pressure on intra venous injection but not on oral administration. 

Uptake of nor-adrenaline 

 Antihistamines inhibit the neuronal uptake of noradrenaline. 

PHARMOKINETICS 

 Adequately absorbed orally 
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 Bioavailability is approximaely 60% 

 Not interferred by the presence of food in stomach 

 Crosses placenta,and reaches milk,but penetration in brain is poor 

 Excreted unchanged in urine and bile,rest as oxidized metabolites 

 Elimination half life is 2-3 hours. 

SIDE EFFECTS OF TOXICITY 

 Side effects are mild but common. 

 Tolerance develops to repeated dose. 

 Sedation, diminished alertness and concentration are observed. Light headedness, motor in co-ordination, 
fatigue and tendency to fall asleep, loss of appetite, nausea, epigastric disturbance, psychomotor disturbance, 
dryness of mouth, alteration in bowel movements, urinary hesitancy and blurred vision are some side effects 
observed. 

 Local application may cause contact dermatitis. Some agents are teratogenic. 

 In acute overdosage excitation, tremors, convulsions, flushing, hypotension, fever and death due to respiratory 
and cardiovascular failure are noticed. 

 Terfenadine and Astimizole were found to cause cardiac arrhythmias (even banned in some countries) 

CLINICAL USES 

 Allergic reaction like hay fever 

 Motion sickness, vertigo and sedation 

 Pruritus 

 Common cold 

 Parkinsonism 

H2 RECEPTOR ANTAGONIST 

 H2 receptor antihistamines are: Cimetidine, Ranitidine, famotidine, Roxatidine, Nizatidine, Loxatidine 

 These are the most popular drugs for peptic ulcer. 

 Cimetidine(prototype example), ranitidine,nizatidine and roxatidine are competitive in action 

 Famotidine competitive and non competitive in action 

 Loxatidine is non competitive in action 

 H2 antagonists block histamine gastric secretion, cardiac stimulation (in guinea pigs), uterine relaxation (in rat), 
and bronchial relaxation 

PHARMACOLOGICAL ACTIONS 

 H2 antagonists block histamine induced gastric secretion, cardiac stimulation (in guinea pigs), uterine 
relaxation in rat) and bronchial relaxation (H2blockers potentiate histamine induced bronchospasm) 

 Attenuate fall in BP due to histamine,specially at the late phase response with high doses 

 Selective in action 

 Have no effect on H1 mediated responses or on other transmitter/autacoid. 

 Significant in vivo action of H2 blockers is marked inhibition of gastric secretion. 

 Basal, psychic,neurogenic and gastric phases of secretion are suppressed dose dependantly. 

 Secretory responses to Ach, gastrin, insulin, alcohol,food are attenuated. 

 Reflects the permissive role of histamine in amplifying responses to other secretions. 

 Reduces acid output,volume of pepsin content and intrinsic fator secretion. 

 Normal vitamin B12 absorption is not interfered 

 Have antiulcerogenic effect (60-70% inhibition of 24hour acid output). 

 Gastric ulceration due to NSAIDs, cholinergic and histaminergic agents is prevented 

 They do not possess any direct effect on gastric or oesophageal motility or sphincter tone. 
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CLINICAL USES 

 Duodenal ulcer 

 Gastric ulcer 

 Stress ulcers and gastritis 

 Zollinger-Ellison Syndrome 

 Gastroesophageal reflux 

 Prophylaxis of aspiration pneumonia 

 Certain cases of urticaria with H1 antagonists. 

Ranitidine is 5 times more potent than cimetidine,no antiandrogenic action,lesser permeability into brain, do not inhibit 
hepatatic metabolism of other drugs 

Famotidine exhibits longer duration of action,8 times more potent than ranitidine, no antiandrogenic action,because of 
higher potency and longer duration of action is considered more suitable for Zollinger-Ellison syndrome and for 
prevention of aspiration pneumonia. 

Roxatidine is twice potent and longer action than ranitidine. 

16: SEROTONIN 

Learning objectives 

This module throws light on serotonin (5 HT) 

 Synthesis and Metabolism of serotonin 

 Pharmacological actions 

 5HT receptors 

 Agonists and antagonists 

 Clinical uses. 

5-HYDROXY TRYPTAMINE (5-HT, SEROTONIN) - ENTERAMINE  

 Serotonin is an autacoid that is present in the intestines, platelets and brain. 

 90% of serotonin is present in the intestines hence named as "enteramine" and the rest is present in the 
platelets and brain. 

 Serotonin is found in wasp, scorpion sting, invertebrates,fruits like banana, pineapple and plums. 

 The chemical name of serotonin is β-aminoethyl 5-hydroxyindole. 

 Serotonin is synthesised from the amino acid tryptophan and is degraded by mono amine oxidases and 
dehydrogenases. 

SYNTHESIS AND METABOLISM OF SEROTONIN 
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Metabolism of serotonin 

 Serotonin is metabolised by two pathways. 

 Mono amine oxidases convert serotonin to 5-hydroxy indoleacetic acid and dehydroxygenases convert serotonin 
to 5-hydroxy tryptophol. 

 Conversion of 5-hydroxytryptophan to 5- hydroxytryptamine by decarboxylase enzyme is the rate limiting step 
in the synthesis of serotonin. 

PHARMACOLOGICAL ACTIONS 

Receptors 

 Based on the pharmacologic criteria, the receptors are classified as: 

 Musculotropic (D type) and Neurotropic (M type). 

 The recent classification involves numbering of the receptors like 5-HT1, 5-HT2, 5-HT3 etc. 

Pharmacological actions 

 Multiple actions with great variations in species are noticed. 

 Effects are more pronounced in smooth muscles and both central and peripheral nerves. 

 It is a potent depolarizer of nerve endings and tachyphylaxis is very common. 

 On cardiovascular system  
o Arterioles are constricted by its action on the smooth muscles. 
o Arterioles also experience dilatation due to the release of EDRF. 
o  Serotonin also releases adrenaline from the adrenal medulla. Net reflexes are complex. 
o Due to a rapid intravenous injection, a triphasic curve represented by an early sharp fall in blood 

pressure, an early rise in blood pressure and a prolonged fall in blood pressure in recorded. 
o However, continuous slow infusion causes a prolonged fall in arterial pressure. 

 On smooth muscles 
o Serotonin stimulates the gastrointestinal tract and increases the peristalsis causing diarrhoea. 
o Bronchial smooth muscles are also constricted, but it is less potent than histamine. 

 On glands  
o Serotonin inhibits gastric secretion of acid and pepsin and increases mucous production. 
o Hence serotonin is considered to have ulcer protective effect. 

 On nerve endings of adrenal medulla  
o Afferent nerve endings are activated. But, it is less potent in releasing catecholamines from the adrenal 

medulla. 

 On respiration  
o A brief stimulation of respiration with hyperventilation occurs. 

 On platelets  
o Serotonin causes a change in the shape of platelets and is a weak aggregator. 
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 On central nervous system  
o Since serotonin crosses the blood brain barrier poorly, central nervous system effects are not much 

pronounced. Fluoxetine is used as an antidepressant because of its uptake inhibition of 5-HT in the 
CNS. 

Pathophysiological role 

 Neurotransmitter – Serotonin acts as a neurotransmitter in the brain. It is involved in sleep, temperature 
regulation, thought, cognitive function, behaviour and mood, vomiting and pain perception. 

 As a precursor of metabolism serotonin helps in the maintenance of circadian rhythm. 

 Neuroendocrine function – It controls the release of anterior pituitary hormones. 

 Nausea and vomiting – Nausea and vomiting evoked by cytotoxic drugs and radiotherapy are mediated by 
serotonin. 

 Migraine – Serotonin initiates the vasoconstrictor phase of migraine. 

 Haemostasis – Platelets release 5HT during aggregation at the site of injury. 

 Hypertension 

 Intestinal motility 

5-HT RECEPTORS, AGONIST AND ANTAGONISTS 

5-HT Receptors 

 Based on the pharmacologic criteria, the receptors are classified as musculotropic (D type) and neurotropic (M 
type). 

 The recent classification involves numbering of the receptors like 5HT1, 5HT2, 5HT3 etc. 

5-HT agonists 

 LSD (Lysergic acid diethylamine) 

 Azapirones 

 Cisapride 

5-HT receptor antagonists 

 Methysergide 

 Phenoxybenzamine 

 Cyproheptadine 

 Cinnarizine 

 Chlorpromazine   

 Ketanserine 

 Ondansetron 

 Clozapine 

CLINICAL USES OF 5-HT ANTAGONISTS 

 Cyproheptadine is used to increase appetite and weight gain. But, the drug produces drowsiness as a major side 
effect. 

 Methysergide is used in migraine prophylaxis. 

 Ketanserine is used as an antihypertensive. 

 Ondansetron is used in the control of vomiting especially in radiation and chemotherapy of cancer patients. 

17: LIPID DERIVED AUTOCOIDS 
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Learning objectives 

A detail information on biosynthesis and degradation of eicosanoids 

 Pharmacological actions 

 Pathophysiological role 

 Side effects and 

 Clinical uses are covered in this lesson. 

LIPID DERIVED AUTACOIDS 

The 3 main groups of arachidonic acid metabolites are: 

 Prostaglandins (PG) 

 Leukotrienes (LT) 

 Platelet activating factor (PAF) 

Arachidonic acid is one of 3 essential fatty acids. 

 An essential fatty acid is one that cannot be formed de novo. It must be obtained from the diet. 

 The essential fatty acids required are: 
 Eicosatrienoic acid - 3 
 Eicosatetraenoic acid - 4 
 Eicosapentaenoic acid - 5 

 Arachidonic acid is not a circulating compound, nor does it have any intrinsic biological activity. 

 Arachidonic acid is incorporated into phospholipids, which make up the membranes of all cells. Hence, 
arachidonic acid is present in all cells of the body. 

 The first step in the metabolism of arachidonic acid is the removal of it from the phospholipid. 

 This step is done by phospholipase A2 or C. 

BIOSYNTHESIS AND DEGRADATION OF EICOSANOIDS 

 Eicosanoids and modified phospholipids like platelet activating factor are two distinct families of lipid 
derived, autacoids. 

 This group includes prostaglandins, prostacyclin, thromboxane A2 and leukotrienes. 

 They are called as eicosanoids because they are derived from 20 carbon essential fatty acids that contain three, 
four or five double bonds. 

Chemistry, biosynthesis and degradation: Click to view animation  

 Prostaglandins may be considered as derivatives of prostanoic acid, though prostanoic acid does not naturally 
occur in the body. 

 Leukotrienes are named so because they were first obtained from leukocytes. 

 Eicosanoids are the most universally distributed autacoids in the body. Practically every cell and tissue is 
capable of synthesizing one or more types of prostaglandins or leukotrienes. 

 There are no preformed stores of prostaglandins and leukotrienes. 

 They are synthesized locally at rates governed by the release of arachidonic acid from membrane lipids in 
response to appropriate stimuli. 

 These stimuli activate hydrolases including phospholipase A2, probably through increased intracellular Ca++. 

 The cycloxygenase (COX) pathway generates eicosanoids with a ring structure (PGs, TXs, prostacyclin) and 
lipoxygenase (LOX) produce open chain compounds (LTs). 

 All tissues have COX – can form cyclic endoperoxides PGG2 and PGH2, which are unstable compounds. 
PGE2 and PGF2α are the primary prostaglandins. 

 PGs A, B and C are not found in the body. 

http://www.elearnvet.net/moodle/file.php/100/Animations/Corrected_animations/0012_VPT321_Arichidonic_Acid_Metabolism_drag-Final.swf
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 They are artifacts formed during extraction procedures. Lung and spleen can synthesize the whole range of 
cycloxygenase products. Platelets primarily synthesize TXA2  which is  chemically unstable, spontaneously 
changes to TXB2. 

 Vessel wall mainly generates prostacyclin (PGI2), also chemically unstable. 

 Cycloxygenase exists in two forms – COX1 and COX2. 

 Eicosanoids produced by COX1 participate in physiological functions such as secretion of mucus for protection 
of gastric mucosa, homeostasis and maintenance of renal functions, while those produced by COX2 lead to 
inflammatory and other pathological changes.  

  COX1 is a constitutive form found in the mast cells. It is continuously forming prostaglandins in small amounts. 

 COX2 is induced in inflammatory cells in response to inflammatory stimulus. Its formation is induced by signals 
(mainly inflammatory). 

 It produces very high levels of prostaglandins in a short amount of time (compared to COX1 which produces 
small amounts over a prolonged time). 

 The prostaglandins produced are only released during pathological conditions. 

 Aspirin is selelctive COX1 inhibitor and nabumetone, meloxicam and nimesulide are selective COX2 inhibitors. 

 Lipoxygenase pathway appears to operate mainly in the lung, WBC and platelets. 

 Its most important products are leukotrienes, particularly LTB4 (potent chemotactic) and LTC4, LTD4, which 
together constitute the slow reacting substance of anaphylaxis (SRS-A). 

Inhibition of synthesis 

 Synthesis of cycloxygenase products can be inhibited by nonsteroidal antiinflammatory drugs (NSAIDs). 

 Aspirin acetylates COX and causes irreversible inhibition while other NSAIDs are competitive and reversible 
inhibitors. 

 Most NSAIDs are non-selective COX1 and COX2 inhibitors, but some newer agents like nimesulide, nabumetone 
and meloxicam are relatively selective for COX2. 

Degradation 

 Degradation of arachidonates occurs rapidly in most tissues. 

 The fastest degradation occurs in the lungs. 

 The plasma half life of most of these agents range from a few seconds to a few minutes. 

PHARMACOLOGICAL ACTIONS AND PATHOPHYSIOLOGICAL ROLES 

Actions and pathophysiological roles 

 The cyclic eicosanoids produce a variety of actions depending upon the particular prostaglandin, species on 
which tested, hormonal status and other factors. 

 The same prostaglandin may have opposite effects under different circumstances. 

Thromboxane A2 (TxA2) 

 Released locally from activated platelets. 

 Due to the short half life, it acts immediately at the site of release It is a potent vasoconstrictor (contracts 
vascular smooth muscle). 

 It is also pro-aggregatory (it is released form platelets and promotes further aggregation of platelets). 

 TxA2 spontaneously degrades into TxB2, which is an inactive metabolite. 

 The action of TxA2 suggests that it attempts to reduce blood flow to a site of damage by vasoconstriction and 
formation of a platelet plug. 

Prostacyclin (PGI2) 

 Produced by the endothelium. 

 It is a potent vasodilator (relaxes vascular smooth muscle). 

 It spontaneously degrades into 6-keto-PGF1, which is its inactive metabolite. 
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 It has anti-aggregatory effects on platelets. 

 The other prostaglandins have very little effect on the vascular smooth muscle. 

 Only TxA2 and PGI2 are the major vasoactive prostaglandins. 

 The actions of the other prostaglandins affect smooth muscle in more local sites. 

 All prostaglandins cause bronchial relaxation. 

 The exception is PGD2, which causes contraction of bronchial smooth muscle. 

 PGE2 and PGF2α cause contraction of the pregnant uterus. (In the non pregnant uterus, PGE2 may cause 
relaxation). 

 PGE2 and PGF2α cause the gastrointestinal to contract strongly. 

 This can lead to side effects such as abdominal pains, constipation when giving these prostaglandins 
therapeutically. 

 PGE2 and PGI2 can inhibit gastric acid secretion. 

 More importantly, they can increase the flow of blood to the gastric lining (due to vasodilator effect). 

  Increased flow to the stomach enhances mucous secretion, which enhances the cytoprotection of the gastric 
cells against the acid environment. 

 Under normal physiological conditions, prostaglandins are of minimal importance. However, under conditions 
where blood flow to the kidneys is compromised (Eg: When there is a reduced cardiac output in heart failure, or 
renal stenosis), prostaglandins become important in causing vasodilation of the arterioles, maintaining 
glomerular filtration rate and preventing ischaemia of renal tissue. 

 PGE2 plays a part in the induction of fever, since when it acts on the hypothalamus the body’s temperature set 
point is altered. 

 PGE2 and PGI2 are involved in the generation of pain. They are not algesic (they do not cause pain directly) but 
are known as hyperalgesic. 

 They increase the sensitivity of pain receptors to other chemicals (e.g. bradykinin), thus producing the sensation 
of pain. 

 Prostaglandins (and leukotrienes) play an important part in all stages of the inflammatory reaction, from the 
initial vasodilatation, oedema and pain to the recruitment of other cells of the immune response. 

 Under normal conditions, the actions of TxA2 and PGI2 balance each other out. When these are out of balance, 
then we see either a vasodilatation or vasoconstriction. 

Leukotrienes 

 Formed by the action of lipoxygenase. Leukotriene C4 is the more powerful form of leukotrienes. 

 Leukotriene D4 and E4 have the same effects, only to a smaller degree. 

Role of leukotrienes 

 LTC4 - A vasoconstrictor. It acts very well in the coronary circulation. 

 It can stimulate the release of prostaglandins which would cause vasodilatation (negative feedback effects) the 
spaces between the endothelial cells become wider, allowing for an exudate to form, resulting in oedema. 

 LTB4 - Does not affect smooth muscle in any way. Is chemotactic for leukocytes. 

 Leukotrienes have been implicated in the involvement of asthma by being bronchoconstrictors. 

SIDE EFFECTS OF PROSTAGLANDINS 

 Side effects are common with prostaglandins. But, their intensity varies with the prostaglandin, the dose and the 
route of administration. 

 They include: nausea, vomiting, watery diarrhoea, uterine cramps,  forceful uterine contractions, flushing, 
shivering, fever, fall in blood pressure and tachycardia. 

CLINICAL USES OF PROSTAGLANDINS 

Prostaglandins and their analogues are used infrequently because of their high cost. 

 Abortion 
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o Prostaglandins (PGF2α )have a role to play in midterm abortion, though delayed and erratic action may 
be a problem - luteolysis. This activity of PGF2α 

is used for  oestrous synchronization in cattle. 
o They convert oxytocin resistant midterm uterus to oxytocin responsive uterus. 
o There are many side effects. Eg: cramps, diarrhea, incomplete abortion so surgery must still be 

performed to remove residual tissue. 
o If the foetus is near term, these prostaglandins are used to induce labour.  

 Induction of parturition 
o Prostaglandins do not offer any advantage over oxytocin for induction of labour at term. 
o They are less reliable and show wider individual variation in action. 

 Post partum haemorrhage  
o  15-methylPGF2α can be used in cases not responding to ergometrine or oxytocin. 

 Peptic ulcer  
o Stable analogues of PGE1 and PGE2 can be used for healing peptic ulcer especially when continuous use 

of NSAIDs is required. Eg: Misoprostal 
o Long term use of NSAIDs (e.g. aspirin) will cause reduced prostaglandin levels (since COX has been 

inhibited). 
o PG’s are required to maintain the viability of the gastric mucosal barrier. 

 To avoid platelet damage 
o In cardiac surgery blood going into the heart lung bypass tends to clot, because platelets become 

activated as a result of the abnormal surface. 
o If PGI2 is infused in the patient, the platelets will not aggregate because PGI2 is anti-aggregatory. 
o After surgery, risk of bleeding is minimal because of the relatively short half life of PGI2. However, the 

vasodilator effects of PGI2 may cause an unwanted drop in blood pressure, which would cause a reflex 
tachycardia, which is undesirable especially after cardiac surgery. 

 Patency of PDA 
o Prostaglandins can keep the ductus arteriosus open in newborn children who have a congenital 

abnormality of the aorta. 
o If the ductus arteriosus were to close in these babies, death would occur very quickly 

18: NON-STEROIDAL ANTI INFLAMMATORY DRUGS 

Learning objectives 

This module will give a broad outline about nonsteroidal antiinflammatory drugs 

 Mechanism of action 

 Various types of anti inflammaltory drugs -its kinetics 

 Beneficial effects 

 Toxicity 

 Detailed information on individual non steroidal antiinflammatory drug its advantages and disadvantages. 

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 

Non narcotic analgesics (pain killers) 

 Are weaker analgesics or non-narcotic 

 Also called aspirin - like drugs 

 Most widely used / abused class of drugs 

 As over the counter drug in many countries 

 At first salicylic acid from Salix alba (Willow bark) was used for centuries 

 Sodium salicylate was used since 1875 

 Aspirin (Acetyl salicylic acid) from 1899 

 The landmark observation of Vane et al 1971, paved the way for understanding the mechanism of inflammation 
and role of prostaglandins 

 Inhibition of Prostaglandin synthesis (PG)  

 Role of Cyclooxygenase enzyme (COX enzyme) 
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 Two isoforms of COX – COX1 and COX2 have been identified 

 Injury due to heat, trauma, infection, chemical etc. where there will be 

 Greater blood flow, 

 Migration of cells, 

 Release of inflammatory mediators like Prostaglandins, leukotrienes, different cytokines etc., 

 If release of these products can be reduced ► inflammation can be reduced 

 Hence the use of these NSAIDs come into play. 

MECHANISM OF ACTION 

 Anti Inflammatory action is produced by inhibition of prostaglandin  synthesis at the site of injury 

 Many other mediators may also play a role in inflammation Eg: Leukotrienes, Platelet  Activating Factor (PAF) 
etc. 

 But the NSAIDs inhibit only Prostaglandins 

 Analgesic action is brought about  by affecting the transduction of pain in nerve endings. Prostaglandins (algesic 
agents) sensitize nerve endings to long lasting dull pain  

 Antipyretic action by counteracting  infection generation of pyrogens, interleukins, Tumor necrosis factor 
(TNFα) 

 Prostaglandins  production in hypothalamus plays an important in thermoregulation 

 Thus, NSAIDs block the action of pyrogens , reset the thermostat, promote sweating and cutaneous 
vasodilatation heat loss 

 NSAIDs do not cause hypothermia in normal patients 

CLASSIFICATION AND PHARMACOKINETICS OF NSAISs 

Classification 
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Poorly anti-inflammatory 

 Para-aminophenols - Paracetamol 

 Pyrazolones - Dipyrone, Propiphenazone 

Pharmacokinetics 

 NSAIDs are weak acids 

 Well absorbed after oral administration 

 Highly protein bound and have poor Volume of distribution 

 Displacement from albumin binding by other substrates is possible 

 Metabolized in liver. 

 Conjugates excreted in urine 

 Age and species variation plays an important role in pharmacokinetics 

INDIVIDUAL NAISDs 

Aspirin  

 Use in dog, cat, cattle. Available as enteric coated, film coated, buffered, time release tablets. 

 Mostly preferred in cats 

 Undergoes glucuronidation 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
72 

 Use as analgesic, antipyretic. 

 Inhibits platelet aggregation - In humans, low dose aspirin is used for prevention of thrombus in arteries to 
prevent heart attacks 

Paracetamol  

 Acts mainly as antipyretic 

 Most popular drug in humans. 

 Action not through COX inhibition 

 Contraindicated in cats 

 No anti-inflammatory effect 

 Glucuronidation is the major pathway 

Phenylbutazone 

 Analgesic, antipyretic and antiinflammatory and also uricosuric action. Popular in horses and dogs 

 Irritating if given i/m or s/c 

Flunixin meglumine 

 Drug of widespread use in veterinary practice. For musculoskeletal pain and also in colic in horses. 

 Low dose (1.1mg / kg) 

Ketoprofen 

 Powerful anti-inflammatory . major use in horses @ 2.2 mg / kg in horses. Overdose may cause laminitis 

Ibuprofen 

 More anti-inflammatory and less analgesic. Low tendency to produce gastrointestinal ulcers 

Meclofenamic acid 

 Used in horses for osteoarthritis and soft tissue inflammation. May cause gastrointestinal irritation and colic in 
horses 

Meloxicam  

 Another popular drug, recently introduced into the Indian market. Low potency to induce gastrointestinal side 
effects 

Nimesulide  

 Selective COX2 inhibitor. Injectable form introduced into market. Low tendency to cause gastric side effect 

Diclofenac 

 Popular drug. However, drug residues in food animal tissues created havoc by wiping out vultures in North 
West India and Pakistan. Prohibited for veterinary use in Indian subcontinent. 

COX2 selective Inhibitors 
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 COX2 ( Inducible ) isoform involved in inflammation while COX1 (constitutive) plays a role in homeostasis 
– gastrointestinal  protection, renal flow etc. 

 Selective Inhibitors of COX2 have less chances of side effects related to gastrointestinal ulcers. 

 Eg: Nimesulide, valdecoxib, rofecoxib – are some agents 

BENEFICIAL EFFECTS AND TOXICITY 

 Beneficial actions of NSAIDs 

 As analgesic  

 Antipyretic and 

 Antiinflammatory 

 Anti thrombotic – NSAIDs inhibit both Proaggregatory Thromboxanes (TXA2) and Antiaggregatory Prostacyclin 
(PGI2) but effect on Thromboxanes predominate. Thus, increase bleeding time 

 Closure of ductus arteriosus – Patency of Ductus in foetal life is maintained by local prostaglandins, and closes 
after birth. In case of a failure of closure of ductus, NSAIDs will help to close the ductus by inhibiting 
prostaglandins. 

Clinical applications of NSAIDs 

 Fever 

 Analgesia 

 Peripheral pain 

 Musculoskeletal pain 

 Endotoxaemia 

 Anticoagulant (platelet) activity 

 Patent ductus arteriosus closure 

 As an adjunct therapy in mastitis with antibiotics in veterinary practice. 

Toxicity 

 Gastric Ulceration 
o Major toxicity of NSAIDs. prostaglandins exert cytoprotective effect by protecting the mucous 

membrane against attack by acid. 
o NSAIDs, by inhibiting prostaglandins lead to exposure of Mucosa to acid causing erosion, ulcers and 

bleeding 
o Typical ulcers are reported in dogs and horses 

 Renal – Prostaglandins regulate local blood flow in kidney. With other nephrotoxic agents or conditions like 
shock, dehydration leading to  edema, Na+retention, nephrosis 

 Delay in labour process owing to inhibition of prostaglandins which have a role in parturition 

 Hepatotoxicity – possible with all NSAIDs. Paracetamol forms a hepatotoxic metabolite by an alternate pathway 
(glucuronidation - poor in cats) 

 Blood dyscriasis – phenylbutazone – causes blood dyscrasias 

 Asthma and anaphylactic reactions in many individuals – due to overproduction of leukotrienes 

19: KININS AND PLATE ACTIVATING FACTOR 

Learning objectives 

This module deals with various aspects of kinins and platelet activating factor 

 Synthesis and metabolism 

 Pathophysiological role. 

KININS 
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 Kinins are local mediators of pain and inflammation. 

 The kinins are a family of small peptide molecules, which include: Bradykinin and Kallidin. 

 Tissue damage, allergic reactions, viral infections and inflammatory events activate a series of proteolytic 
reactions and liberate bradykinin and kallidin. 

 These agents act locally to produce pain, vasodilatation, increased vascular permeability and synthesize 
prostaglandins. 

 When urine was injected intravenously there was a reduction in blood pressure. 

 Same response was noticed when saliva, plasma and a variety of tissues. 

 Pancreas was identified as the organ with rich source of this blood pressure lowering agent. Hence, they were 
termed as Kallikreins. 

 Plasma kinins are polypeptides that split off from a plasma globulin kininogen by the action of specific enzymes 
kallikreins. It was noticed that trypsin and certain snake venoms acted on plasma globulin to produce a 
substance that lowered blood pressure and caused a slow developing contraction of the gut. Because of this slow 
response this substance was termed as bradykinin (brady – slow, kinin – to move). 

 kallidin, a decapeptide was identified with almost similar actions. Thereafter a number of polypeptides with 
similar pharmacological actions were identified in nature. All these substances together were termed as kinins. 
Bradykinin and kallidin were termed as plasma kinins. 

SYNTHESIS AND METABOLISM OF KININS 

 Kinins are produced in response to tissue damage. 

 Tissue damage causes the activation of Hageman factor, which is involved in the clotting mechanism. 

 Hageman factor converts plasma prekallikrien to plasma kallikrein. Kallikreins are enzymes, which break down 
kininogens (the precursors of kinins). There are 2 forms of kallikreins: Plasma kallikrein and Tissue kallikrein 
(found in the pancreas). 

 Plasma kallikrein converts high molcular weight kininogen to bradykinin. 

 Tissue kallikrein converts low molecular weight kininogen to kallidin. 

The kininogens are liver derived alpha2 globulins. 

Metabolism of kinins 

 Two types of enzymes metabolise kinins 
o Aminopeptidases 
o Carboxypeptidases 

 Aminopeptidases: Converts kallidin to bradykinin 

 Carboxypeptidase: There are two forms 
o Kininase I and 
o Kininase II (ACE) 
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PHARMACOLOGICAL ACTIONS AND CLINICAL USES 

Bradykinin and kallidin have similar actions. 

 Cardiovascular system 
o Plasma kinins are potent vasodilators. 
o Renal, cardiac and other visceral vessels are dilated. Kinin induced vasodilatation, causes a sharp fall in 

systolic and diastolic pressure. 
o ACE inhibitors increase the level of kinins in tissues and plasma. 

 Kidney 
o Kinins regulate urine volume and composition. 
o They increase renal blood flow and enhance the electron transport of chloride in the collecting duct. 

 Other effects  
o Kinins function in male reproductive system in areas such as spermatogenesis and in promoting sperm 

motility. 
o Kinins promote dilatation of the femoral artery, closure of the ductus arteriosus and constriction of 

umbilical vessels helping in the adjustment from foetal to neonatal circulation. 

Pathophysiological role 

 Mediation of inflammation 
o Kinins produce all signs of inflammation – redness, exudation, pain and leukocyte mobilization. 
o Tissue injury can cause local kinin production that sets in motion the various defensive and reparative 

processes. 
o In chronic inflammatory disease there is an increase in kinin level. 

 Mediation of pain 
o By directly stimulating the nerve endings and by increasing the prostaglandin secretion kinins mediate 

pain. 

 Other actions 
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o Functional hyperemia in glands during secretion and regulation of microcirculation specially in kidney 
may be occurring through local kinin production. 

o Production of kinin is integrated with clotting, fibrinolysin and complement systems. 
o Kinins cause closure of ductus arteriosus, dilatation of foetal pulmonary artery and constriction of 

umbilical vessels. 
o Kinins may also be involved in shock, angioedema, rhinitis, asthma, ACE inhibitor induced cough, acute 

pancreatitis etc. 

Potential therapeutic uses 

 In conditions of male infertility due to asthenozoospermia and oligospermia. 

 In increasing the delivery of cancer chemotherapeutic agents beyond the blood brain barrier. 

PLATELET ACTIVATING FACTOR 

 Like eicosanoids, platelet activating factor is a cell membrane derived lipid with intense biological activity. 

 Platelet activating factor is a misleading name since it has its effects on a variety of other cells and is an 
important mediator in allergic, asthmatic and inflammatory responses. 

 It is produced by neutrophils, macrophages, eosinophils, mast cells, basophils and platelets in response to 
various stimuli. 

 It acts on specific G protein coupled receptors that are found in many cell types. 

 Antigen-antibody reaction and a wide variety of mediators stimulate PAF synthesis in a Ca++ dependent manner 
on demand. 

 It is degraded and the acyl glycerophosphate formed gets incorporated in the membrane. 

PHARMACOLOGICAL ACTIONS AND PATHOPHYSIOLOGICAL ROLES 

Pharmacological Actions 

 On platelets – Causes aggregation and release TXA2. 

 On WBC – Chemotactic to neutrophils, eosinophils and monocytes. Stimulates neutrophils to aggregate  and 
stick to vascular endothelium and migrate across it to the site of infection. It also promotes release of lysosomal 
enzymes and LTs. 

 On blood vessels – Vasodilatation probably by the release of EDRF. 

 On visceral smooth muscle – causes contraction of intestinal and uterine smooth muscles and 
bronchoconstriction.  

 On stomach – It is ulcerogenic and causes erosions and mucosal bleeding. 

Pathophysiological role 

 PAF plays a role in inflammation, bronchial asthma, anaphylactic shock, haemostasis and thrombosis. 

20: ANGIOTENSIN 

Learning objectives 

 Angiotensin is an important autacoid that plays a vital role in blood pressure homeosatis apart from its 
pronounced action on electrolyte and its pressor action on kidneys and the correction of pressure by inhibition 
of various angiotensin converting enzymes at appropriate steps in its synthesis system is focussed in this 
module. 

GENERATION AND DEGRADATION OF ANGIOTENSINS 
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 Angiotension II is a octapeptide generated in the plasma from plasma alpha globulin involved in electrolyte, 
blood volume and pressure homeostasis. 

 Enzyme renin is responsible for the pressor effects, later it became evident that the angiotensin converting 
enzyme (ACE) which is responsible for the formation of inactive fragments of Angiotensin I to Angiotensin 
II  (potent vasoconstrictor) has paved the way for development of prototype ACE inhibitor Eg: Captopril. 

 Renin is the limiting factor for Angiotensin II generation. 

 Plasma half life of renin is 15 minutes 

 Biological potency of Angiotensin I is very short,  hence it is rapidly converted into Angiotensin II by ACE a 
dipeptidyl carboxypeptidase located primarily on the luminal surface of vascular endothelial cells in lungs. 

 Angiotensin II has a very short half life (less than a minute) 

 Angiotensin III is less potent and stimulate aldosterone secretion 

 Angiotensin III is acted on by angiotensinases to inactive metabolites. 

 Blood vessels contain circulating renin, angiotensinases and produce Angiotensin II within their wall. 

 Locally renin-angiotensin system present in heart, blood vessels, brain, kidneys, adrenals generate Angiotensin 
II and operate locally. 

                                                

 

ANGIOTENSIN RECEPTORS 

 Angiotensin receptors (AT) are present on the surface of target cells. 

 Two subtype  receptors AT1 and AT2 have been identified. 

 Losartan is the specific antagonist for AT1 receptor. 

 All the effects of Angiotensin II are mediated through AT1 receptors. 

  AT2 receptors have been identified in adrenal medulla and CNS 

 AT1 receptor is a G-protein coupled receptor utilizing different transducer mechanism in different tissues. 

  Phospholipase C - IP3/DAG and intracellular calcium ions release underlies vascular and visceral smooth 
muscle contraction by activating myosin light chain kinase. 
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 Membrane calcium ions are also activated. 

 Calcium movement induces aldosterone synthesis release, cardiac inotropy,depolarization of autonomic ganglia, 
adrenal medulla resulting catecholamine release and sympathetic outflow. 

 DAG activates protein kinase C which phosphorylase intracellular proteins and promotes cell growth. 

 In liver and kidney Angiotensin II inhibits adenyl cyclase. 

 Intrarenal homeostatic mechanism involves prostaglandin and leukotrienes production through activation of 
phospholipase A2. 

 This molecular mechanism has a wide effect on myocardium, vascular smooth muscle, fibroblasts through 
AT1 receptor where Angiotensin II has sustained effect on cell growth and intracellular matrix synthesis. 

PHARMACOLOGICAL ACTIONS OF ANGIOTENSN II 

CVS 

 Prominent action is vasoconstriction through adrenaline or nor adrenaline or by increasing sympathetic 
outflow. 

 Vasoconstriction is involved in all vascular beds with less marked constriction effects on cerebral, skeletal 
muscle, pulmonary and coronary vessels. 

 It is more potent than nor adrenaline which promotes fluid movement from vascular to extravsacular 
compartment and cause rise of blood pressure 

 Continuous perfusion cause a sustained rise of blood pressure and reabsorption of salt and water. 

 Promote calcium ion influx and increase myocardial contraction. 

 Increases heart rate by enhancing sympathetic outflow, cardiac output is reduced and cardiac work is increased. 

 Contributes to the hypertrophy and remodelling of heart and blood vessels. ACE inhibitor retards/reverses 
many of these changes imparted by AII. 

Smooth muscles 

 On many visceral smooth muscles invivo actions are insignificant. 

Adrenal cortex 

 Angiotensin II and III are trophic in action enhances synthesis and release of aldosterone. Acts on distal 
tubules, promotes reabsorption of sodium ions and excretion of potassium and hydrogen excretion 

Kidney 

 Exerts indirect effect through aldosterone. 

 Promotes sodium and potassium ion exchange in proximal tubule leading to increased sodium, chloride and 
bicarbonate ion reabsorption. 

 Reduces renal blood flow resulting in sodium and water retention and increases potassium excretion. 

CNS 

 On systemic administration enter periventricular areas of the brain and induce drinking behaviour and anti 
diuretic hormone release. 

 Increases sympathetic outflow and contributes to pressor effects. 

 Peripheral sympathetic structures act in response to adrenaline release from adrenal medulla and stimulation of 
autonomic ganglia. 
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PATHOPHYSIOLOGICAL ROLE OF ANGIOTENSIN II 

Mineralocorticoid secretion 

 Angiotensin II is the stimulus for aldosterone secretion from adrenal cortex thereby persistently raise 
Angiotensin II levels. 

Electrolyte and pressure homeostasis 

 Renin - angiotensin system sense  decrease tension in the afferent glomerulosa arterioles through intrarenal 
baroceptor pathway and production of prostaglandins locally. 

 Low concentration of sodium ions sensed by macula densa pathway 

 Sympathetic outflow response by baroceptor to juxta glomerulus cells is sensed through beta adrenoreceptor 
pathway. 

 In this situation increased renin is translated to angiotensin II causes an acute rise in blood pressure by 
vasoconstriction and long lasting rise in blood pressure by increasing sodium and water reabsorption in the 
kidney.  

 Angiotensin II formed within kidney exerts local regulatory effects. 

The major pharmacological implications in the mechanism of release of renin are: 

 ACE inhibitors and AT1 antagonists enhance renin release by interfering through feed back mechanism. 

 Vasodilators and diuretics stimulate renin release by lowering blood pressure. 

 Reduction of sodium ions into macula densa by loop diuretics cause renin release. 

 Central sympatholytics and beta blockers decrease renin release. 

 NSAIDs inhibit prostaglandin synthesis which in turn decrease renin release. 

Develop secondary hyper aldosteronism due to renin angiotensin activation 

 CNS - Angiotensin II is formed locally and act as neurotransmitter or neuromodulator by which regulation of 
thirst, hormone release and sympathetic outflow is mediated. 
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INHIBITION OF RENIN - ANGIOTENSIN SYSTEM 

Inhibition of Renin Angiotensin system can be achieved by: 

 Sympathetic blockers which decrease renin release 

 Renin inhibitory peptides and renin specific antibodies which interfere with generation of Angiotednsin I from 
angiotensinogen 

 ACE inhibitors like captopril prevent generation of Angiotensin II 

 AT1 antagonist like losarton block action of Angiotensin II on target cells. 

 Aldosterone antagonists like spironolactone blocks the mineralocorticoid receptors. 

ANGIOTENSIN CONVERTING ENZYME INHIBITORS 

ACE inhibitors like teprotide, captopril, enalapril, Lisinopril, Perindopril, Rampiril 

Teprotide - synthesized from bradykinin potentiating factor found in pit viper venom was the first ACE inhibitor which 
is a nanopeptide with brief duration of action. 

Captopril- Orally active dipeptide analogue is a prototype of ACE inhibitor. 

 Abolishes pressor action of Angiotensin I but not Angiotensin II. 

  Increase plasma kinin levels and potentiate the hypotensive action of bradykinin.  

 Elevated kinins and prostaglandins may be responsible for cough induced by ACE inhibitors. 

 Interferes with degradation of substance P. 

 The lowering of blood pressure depends on sodium ion status and renin angiotensin activity. 

 The hypotension is due to decrease of total peripheral resistance. 

 Both systolic and diastolic blood pressure falls 

 Renal, cerebral and coronary blood flow is not compromised 

 70% of orally administered drug is absorbed. 

 Food reduces the bioavailability 

 Partly metabolized and excreted unchanged in urine. 

 Poorly crosses blood brain barrier. 

Adverse Effects 

 Usually well tolerated 

 Occasionally hypotension,hyperkalaemia,cough,allergy,angiodema,dysguesia,foetal abnormalities, nausea, 
bowel upset, granulocytopenia,proteinuria, acute renal failure may occur. 

Drug interactions 

 NSAIDs attenuate hypotensive action 

 Antacids reduce bioavailability 

Enalapril 

 Prodrug converted to enalaprilat - tripeptide analogue. 

 Poorly absorbed. 

Advantages 

 More potent than captopril. 

 Food does not affect absorption. 
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 Onset of action is slower. 

 Longer duration of action 

 Adverse effects is minimal. 

Lisinopril 

 Lysine derivative of enalaprilat. 

 Absorbed orally slowly 

 Food does not interfere with its absorption 

 Duration of action is longer permitting single daily dosing 

 Uniform hypotensive action. 

 Minimal side effects with reduction in venous return, cardiac contractility and cardiac output. 

Perindopril 

 Long acting ACE inhibitor. 

 Slow onset of action. 

 Undergoes extensive metabolism. 

 Tends to restore the reduced elastic properties of arteries and heart in hypertensive. 

Ramipril 

 Long acting ACE inhibitor 

 Extensive tissue distribution. 

CLINICAL USES OF ANGIOTENSIN 

Hypertension 

Used as first line of drugs in all grades of hypertension. 

Advantages 

 No postural hypotension,electrolyte disturbances, weakness, and CNS effects. 

 Safe for diabetic, asthamatics, peripheral vascular disease patients. 

 Prevent secondary hyperaldosteronism and potassium loss due to diuretics 

 Renal flow is maintained 

 Reverse left ventricuar hypertrophy 

 No adverse effect on lipid profile 

 No rebound hypertension on withdrawal 

 Increase the life expectancy of hypertensives. 

Congestive Heart failure 

 Retard the progression of ventricular systolic dysfunction and prolong survival of CHF patients 

Myocardial infarction 

 Advocated within 24 hours of attack and continued for more weeks - reduce early as well as long term mortality, 
irrespective of systolic dysfunction and hypotension is avoided. 

Diabetic nephropathy 
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 Prolonged therapy prevents end stage renal disease in both insulin and non insulin dependant situations. It is of 
value in diabetic nephropathy whether hypertensive or not. 

ANGIOTENSIN ANTAGONIST 

Angiotensin antagonist are Saralasin, Losartan 

Saralasin 

 An octapeptide analogue of Angiotensin II 

 Exhibited partial agonistic activity 

 Need parenteral administration only. 

Losartan 

 Competitive antagonist 

 Devoid of partial agonistic activity 

 Selective antagonist of AT1 receptor 

 Blocks all actions of Angiotensin II namely vasoconstriction, central and peripheral sympathetic outflow action, 
aldosterone release, salt and water reabsorption, growth promoting actions on heart and blood vessels. 

Advantages 

 Causes a fall in blood pressure lasting for 24 hours 

 Regress hypertensive left ventricular hypertrophy  

 Food does not interfere with absorption 

 Under goes first pass metabolism 

 Dose should be reduced in hepatic dysfunction 

 No recurrence of cough 

 Incidence of foetal abnormalities have been recorded. 

21: CNS PHARMACOLOGY 

Learning objectives 

 This module contains a brief insight on neuroanatomy and neurophysiology of CNS 

 Role of various chemical messengers that mediate the processess, funtions of various brain regions,various 
terminology described 

 Classification of various CNS drugs 

 Various types of neruotransmiters released and involved in signalling the events and how it is perceived, 
processed and the effects produced 

NEUROANATOMY AND NEUROPHYSIOLOGY 

 The CNS consists of brain and spinal cord. 

 The CNS is involved with control and co-ordination of movement and higher functions such as consciousness 
and memory. 

 The basic functional unit of the nervous system is the nerve cell. The neuron has three parts: 
o a cell body 
o a dendritic tree and 
o an axon. 

 Soma or the cell body is responsible for metabolic functions. The soma plays a role in protein 
synthesis that includes the synthesis of peptide neurotransmitters or the “prohormone” form 
the peptide neurotransmitter. Electrical signals from synapses all over the dendrites and cell 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
83 

body are temporarily and spatially summated to yield a net signal that may be transmitted to 
other neurons via the axon and the dendrites. Thus the cell body has an integral function. The 
soma contains some synapses and voltage sensitive ion channels. 

 Dendrites are neuronal processes extending from the soma that contain the majority of the 
synapses in the CNS. Synapses are typically located on short processes called spines. The 
synaptic structure is generally referred to as a button. A button contains both pre and 
postsynaptic specializations. Dendrites contain voltage sensitive Na+ and Ca2+ ion channels. 

 Axons are also called as fibers. Within the CNS bundles of axons are called tracts or stria 
whereas in the periphery they are called nerves. Neurons are grouped into categories depending 
upon the length of their axons as: 

 projection neurons – long axon 
 intermediate neurons – intermediate axon and 
 local-circuit neurons – short axon. 

 

 The CNS comprises of billions of neurons, many of which are linked to form diffuse network. Because of the 
complex arrangements of these transmission lines, an impulse may be 

o blocked in its transmission from one neuron to another 
o changed from a single impulse into repetitive impulses or 
o integrated with impulses from other neurons to result in highly intricate patterns of impulses in 

subsequent neurons. 

 The basic processes of synaptic transmission in the central nervous system are essentially similar to those 
operating in the periphery. 

 Glial cells, particularly astrocytes participate in chemical signaling, functioning essentially as ‘inexcitable 
neurons’. 

 Nerve impulses are transmitted from one neuron to the next via specialized structures called synapses. These 
are chemically mediated in the vast majority of cases in the CNS. 

 An important characteristic of chemically mediated synapses is that they always transmit signals in one 
direction. 

 Transmission is initiated when the first neuron releases a chemical substance known as neurotransmitter, which 
impinges on the surface of the other cell. 

 Usually the cell body or dendritic region is the receiving end of the neuron and the axon terminals are the 
transmitting ends of the cell. 

FUNCTIONS OF THE BRAIN REGIONS 
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 Cerebral cortex: two hemispheres – four regions—Process sensory information – higher functions of 
consciousness, thought, memory etc., overall supervision of ANS. 

 Limbic system: hippocampus, amygdaloid, septum, hypothalamus, olfactory, basal ganglia, 
o thalamus – integrate emotional state with motor and visceral activities, recent memory ( hippocampus) 
o hypothalamus – temperature, water balance, metabolism, sexual and circadian rhythm, sleep and 

emotion, hormones of the pituitary. 

 Midbrain and brain stem 
o Mesencephalon, pons and medulla oblongata 
o Connect higher centers to the lower areas 
o Bridge portion – consists of Reticular Activating System ( RAS) – for sleep and wakefulness and 

essential responses such as swallowing, vomition and that of Cardiovascular  and respiratory systems 

 Cerebellum: – maintenance of appropriate body posture in space and also control of heart to maintain blood 
flow during postural changes 

 Spinal cord 
o Relay center and also autonomic reflexes passage of information 
o Long hierarchial neuronal organizations 
o Sensory organ primary relay cells secondary relay cells sensory cortex motor cortex spinal cord end 

organ ( based on action potential mainly) 
 Local circuit neurons – connections within immediate vicinity (via neurotransmitter) 
 Long intercircuit neurons – connections between different regions of the brain (via 

neurotransmitter). 

 

TERMS AND DEFINITIONS 

 Anaesthetics – drugs that produce reversible loss of sensation eg. halothane. 

 Dissociative anaesthetic – drug that produces a feeling of dissociation from one’s own body and surroundings 
including profound analgesia, immobility, amnesia with light sleep. 

 Preanaesthetic medication – use of drugs before anaesthesia to make it more pleasant and safe. 

 Sedative – drug that subdues excitement and calms the subject without inducing sleep. 

 Hypnotic – drug that induces or maintains sleep 

 Narcotic – drug that induces sleep (refers to opioids – the term is not used now) 

 Antiepileptic drug – drug that is used to control seizures 

 Analeptics - CNS stimulants – drugs that induce CNS stimulation 

 Analgesic – drug that selectively relieves pain without altering consciousness 

 Anxiolytic drugs – group of mild CNS depressants that produce a restful state of mind, without interfering with 
normal mental or physical functions 

 Antidepressants – drugs that can elevate the mood in depressive illness 

 Antimanic drugs – drugs that stabilize the mood in manic conditions 

 Hallucinogens –( psychotomimetics) drugs that alter mood, behaviour, thought and perception in a manner 
similar to that seen in psychosis. 
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CHEMICAL MESSENGERS 

 Neurotransmitters: substances stored in the presynaptic area in vesicles. On release lead to excitation or 
inhibition. 

o Many neurotransmitters have been discovered so far (almost 100). 
o Most important ones are: 

 Biogenic amines -- Histamine, 5-HT, Adrenaline, Noradrenaline, Dopamine, ACh 
 AminoAcids – GABA, Glycine, Glutamate, Aspartate 
 Peptides – Somatostatin, Substance P, enkephalin, Endorphin, Oxytocin, Vasopressin, 

Cholecystokinin, Thyrotrophic hormone, Angiotensin, Vasoactive intestinal peptide, 
Neuropeptide Y. 

 Neurohormones: Hormone arising from a neuron. Eg: oxytocin, vasopressin. 

 Neuromodulators: Originates from cellular and nonsynaptic sites, influence the general level of excitability 
without altering the membrane potential. Eg: ammonia, CO2, Prostaglandins, steroid hormones. 

 Neuromediators: Those that participate in the elicitation of response to a transmitter. Eg:Second messengers 
cAMP, cGMP, IP3. 

NEUROTRANSMITTERS IN THE CNS 

 Neurotransmitters may be broadly divided into fast neurotransmitters and slow neurotransmitters. 

 Fast neurotransmitters operate through ligand gated ion channels (eg. glutamate, GABA) while slow 
neurotransmitters and neuromodulators operate mainly through G-protein coupled receptors (eg. dopamine, 
neuropeptides, prostanoids). 

 The same agent (eg. glutamate, 5HT and acetylcholine) may act through both ligand gated channels and G-
protein coupled receptors. 

 Many chemical mediators including glutamate, nitric oxide and arachidonic acid metabolites are produced by 
glia as well as neurons. 

 Many other mediators (eg. cytokine, chemokine, growth factor, steroids) control log term changes in the brain 
(eg. synaptic plasticity, remodeling etc.) mainly by altering gene transcription. 

 Neurotransmitters are also grouped as large molecule neurotransmitters and small molecule 
neurotransmitters. 

o Acetylcholine, norepinephrine, dopamine, serotonin, gamma-aminobutyric acid, glycine, glutamate and 
aspartate are the small molecule neurotransmitters located in the CNS. 

 They are synthesised in the cytosol of the presynaptic terminal and cause most of the responses 
in the CNS. 

 Their actions on receptors usually occur within a millisecond or less after release. 
 After release they are degraded, diffuse out of the cleft or are absorbed by active transport back 

into the transmitter vesicles. 
o β-endorphin, vasopressin, oxytocin, growth hormone, enkephalin, substance P, somatostatin, 

cholecyctokinin, angiotensin II and neurotensin are the large group molecule neurotransmitters. 
 They are very potent, slower to act and present in much smaller quantities than the small 

molecule neurotransmitters. 

 The effect of the transmitters on the postsynaptic neuronal membrane is usually to increase or decrease 
conductance through ion channels. 

  At other times, they stimulate receptor activated enzymes that in turn change the intracellular metabolic 
processes. 

 The neurotransmitter (first messenger) links with receptor proteins of the postsynaptic membrane and 
stimulates or inhibits an intracellular mediator, the second messenger. 

 The second messenger then interacts with various cellular processes to invoke the ultimate action. 

DIFFERENT NEUROTRANSMITTERS AND THEIR ROLE IN CNS 

 Acetylcholine: Muscarinic M1 –M5 subtypes and also nicotinic seen in CNS - Forebrain and striatum-inhibitory 
(muscarinic) 

 Norpinephrine: α1 and α2 β1 and β2 -mainly in brain stem and reticular formation – control in sleep and 
wakefulness, mood and emotion, temperature etc. 
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 Epinephrine: seen in reticular formation. Role not well established. 

 Dopamine: D2  subtypes – in basal ganglia and limbic system. Behaviour disturbances, control of movements ( 
implicated in Parkinsonism) and in hypothalamic – pituitary system. 

 5-HT – multiple subtypes – sleep and wakefulness, mood and behaviour, appetite and neuroendocrine control. 

 Aminoacids – Excitatory – Glutamate and Aspartate – 5 subtypes -- NMDA receptor – in dissociative 
anaesthesia, involved in epilepsy and anxiety states. 

 GABA -Inhibitory -  major inhibitory.  Glycine – restricted to spinal cord and retina. 

 Peptides – eg. Substance P – in pain perception, opioid peptides (endogenous opioids like endorphins and 
enkhepalins)– analgesia, behaviour and sedative actions. 

 22: ANAETHETICS 

Learning objectives 

This module will be informative about how anaesthesia developed, what are the principles involved in anesthesiology, 
importance of preanaesthetic medication, its clinical significance, different stages of anaesthesia and about various 
theories of mode of action general anaesthetics. 

CHRONOLOGICAL EVENTS IN DEVELOPMENT OF ANAESTHETIC AGENTS 

 1540 - Paracelsus recorded anaesthetic effect of ether in chicken 

 1800 - Sir Humphry Davy suggested anesthetic effect of nitrous oxide 

 1842 - Ether first used as anaesthetic in human  

 1862 - Nitrous oxide was reintroduced in humans 

 1875 - Chloral hydrate was introduced 

 1878 - Cocaine suggested for local anesthesia 

 1930's - Barbiturates was introduced 

 1950 - Phenothiazine was used tranquilizers 

 1956 - Halothane was introduced 

 1971 - Xylazine and Ketamine were introduced 

 1975 - Establishment of the American College of Veterinary Anesthesia 

 1985 - Isoflurane was introduced 

 1989 - Propofol was introduced 

PRINCIPLES OF ANAESTHESIOLOGY 

The word anaesthesia is derived from the Greek word meaning “insensible” or “without feeling”. The word does not 
necessarily imply loss of consciousness. Anaesthesia is defined as total but reversible loss of sensation in a particular 
part of the body (local anaesthesia) or in the entire body (general anaesthesia) which results from administration of a 
drug (or drugs) that depress the activity of part or all of the nervous system. In veterinary practice anaesthetics are used 
for the following reasons. 

 Elimination of sensibility to noxious stimuli 

 Humane restraint of animal  (eg. to protect the animal / personnel, facilitate diagnostic or surgical procedures) 

 Specific biomedical research tool 

 Control of convulsions 

 Euthanesia 

Extent  of anaesthesia produced by drugs 

 Local/regional anaesthesia – Drugs placed in close proximity to nerve membranes causing nerve conduction 
thus blocking sensory response. Based on the application of the drugs (anaesthetics) 

o Topical or surface anaesthesia 
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o Infiltration anaesthesia 
 Subdermal 
 Regional 

o Perineural 
o Peridural 
o Subarachnoid 

 General anaesthesia – State of controlled, reversible CNS depression (including unconsciousness) produced by 
one or multiple drugs 

o Injectable 
o Inhalation 
o Balanced 

PRE-ANAESTHETIC MEDICATION 

 Use of drugs prior to anaesthesia - to have smooth and safe induction of anaesthesia and to establish balanced 
anaesthesia. 

 Merits of preanaesthetic medication: 
o Alleviate or minimize pain 
o Allay apprehension 
o Facilitate handling 
o Minimize undesirable reflex actions 
o Supplement general anaesthesia - decrease dose of anaesthetic and add extra analgesia and sedation 
o Minimize events in recovery 

Major classes of drugs used as preanaesthetics 

 Tranquilizer – sedatives: Acepromazine,Chlorpromazine,Promethazine, Diazepam, Midazolam, Droperidol, 
Azaperone 

 Hypnotic sedatives : Pentobarbital, Chloral hydrate 

 Opioid analgesics : Morphine, Pethidine, Fentanyl, Pentazocine 

 α2 agonists : Xylazine, Detomidine 

 Dissociatives : Ketamine 

 Cholinolytics : Atropine, Glycopyrrolate (these agents inhibits the secretory activity of salivary glands that may 
help in prevention of regurgitation) 

Complications of preanaesthetics 

 Opioids: respiratory depression, hypotension 

 Atropine: Mydriatic  
 α2 agonists : cardiac depression 

Preanaesthetic agents may potentiate  anaesthetic toxicity and prolong the recovery  

Neuroleptic  analgesia 

 A combination of neuroleptics (benzodiazepines, butyrophenones or phenothiazines) + opioids derivatives 

 At lower doses – produce preanaesthetic effect  

 At higher doses - Neuroleptic analgesia which is enough depression to cause surgical anaesthesia 

 Popular combinations: Fentanyl + Droperidol ,Fentanyl + Fluanisone, Etorphine+ Acepromazine 

PROPERTIES OF AN IDEAL GENERAL ANAESTHETIC 

Desirable properties of a general anaesthetic 

 Non irritant 
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 Free from disagreeable odour 

 Produce a pleasant, rapid and smooth induction 

 Allow a rapid recovery 

 Have a wide margin of safety 

 Produce adequate muscular relaxation 

 Should not produce capillary bleeding 

 Easily and inexpensively produced 

 Should be non-explosive and stable during storage 

 Excretion and/or metabolism of the anaesthetic agents should be sufficiently rapid so that residues do not 
persist in the edible tissues of food producing animals. 

STAGES OF ANAESTHESIA 

 The stages of anaesthesia are divided into distinct packages, each correlating with a particular set of 
physiological responses or reflexes. 

 The organisational scheme includes four stages of anaesthesia. 

 Stage I 
o This stage is also known as the stage of analgesia or stage of voluntary excitement or stage of analgesia 

and amnesia. 
o This period begins from the beginning of induction to the loss of consciousness. 
o The patient exhibits voluntary resistance to restraint and to anaesthetic vapours. 
o Release of adrenaline due to excitement and fear causes increase in blood pressure and pulse 

 Stage II 
o This stage is also known as the stage of delirium or stage of involuntary excitement or stage of 

uninhibited action. 
o This period begins from the loss of consciousness to onset of automatic respiration. There will be 

apparent excitement. Patient may show struggle, hold the breath, muscle tone increases, jaws are tightly 
closed, breathing is jerky, vomiting, involuntary micturition and defecation noticed. Pupillary 
dilatation, increase in heart rate and blood pressure due to sympathetic stimulation are noticed. 

 Stage III 
o This stage is also known as the stage of surgical anaesthesia. It is divided into four planes as Plane 1, 

Plane 2, Plane 3 and Plane 4. 
o This period begins from the onset of automatic respiration to respiratory arrest. 

 Plane 1 – Light surgical anaesthesia – roving eye balls and plane ends with eyes becoming fixed. 
 Plane 2 – Moderate surgical anaesthesia – loss of corneal and laryngeal reflex. 
 Plane 3 – Deep surgical anaesthesia – Pupil starts dilating and light reflex is lost. 
 Plane 4 – Excessive surgical anaesthesia – intercostal paralysis, shallow abdominal breathing. 

 Stage IV 
o This stage is also known as the stage of medullary paralysis or respiratory paralysis. 
o This period is between respiratory arrest and cardiac arrest. 

 Not all anaesthetics display all the stages of anaesthsia. 

 Ether : induces all stages 

 Ultra short acting barbiturates : induces stages I, III and IV 

 Dissociative anaesthetics : induces stages I and II 

 Halothane, Isoflurane : induces stages I, III and IV . View for the progress of anaesthesia 

MODE OF ACTION OF GENERAL ANAESTHETICS 

 Mode of action of general anaesthetics 

 There have been many attempts to explain the mechanism of general anaesthetics at a molecular level. but none 
is satisfactory,because 

o The rate at which anaesthesia can be induced and wakefulness resumed focuses attention on short term 
biochemical events 

o Wide variation in the structure of anaesthetic drugs 

http://www.elearnvet.net/moodle/file.php/100/Stages_of_anaesthesia.jpg
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o Ability of anaesthetics to cause superimposed selective and specific anaesthetic side effects such as 
reductions in myocardial contractility. 

 An important neurophysiological action common to most general anaesthetics is to depress both spontaneous 
and evoked neuronal activity in many regions of the brain. A number of theories have been put forth to explain 
the anaesthetic action. But, a unitary theory of narcosis is not available. The general characteristics exhibited by 
anaesthetics are that they act at hydrophobic sites on excitable membranes and the ultimate site of the effect is 
protein. 

o Meyer and Overtone theory: According to this theory, to be an anaesthetic it must be soluble in oil. The 
higher the solubility in oil, the greater was its anaesthetic potency. Ether and chloroform fit 
conveniently into the above hypothesis, but at present there are many objections to this theory. 

o Colloidal theory: This theory states that, colloids of nerve protoplasm form a loose compound with the 
anaesthetic. 

o Surface tension theory: According to this theory, a reduction in the surface tension of neuronal 
membrane is brought about by the anaesthetics. 

o Permeability theory: General anaesthetics are said to impair the permeability of neuronal membranes 
as a result of which depolarization and subsequent activation fail to occur. 

o Pauling and Miller theory: Pauling and Miller theory states that microcrystals (clatharates) are formed 
by the anaesthetic vapour. These in turn reduce the conductance. 

o Reduced energy formation theory: This theory states that general anaesthetics depress the formation of 
high energy bonds. 

o Cell membrane expansion theory: This theory states that inhalation anaesthetics are hydrophobic and 
therefore distribute to sites in which they are removed from aqueous environment and because of the 
close correlation between potency and lipophilicity, it is theorized that these anaesthetics act on the cell 
membrane lipid layer. It is thought that their presence distorts the membrane structure, which in turn 
causes occlusion of the pores through which ions pass (example – sodium channel). This theory also 
explains the pressure reversal of anaesthesia. 

 Although there is no pharmacologic antagonist to inhalation anaesthetics, very high ambient pressure causes 
reversal of the anaesthetic state. Because pressure acts by reducing the volume, the reversal of anaesthetic with 
pressure suggests that an increase in lipid volume is somehow involved in the process. 

 Current idea – they exert actions through different molecular mechanisms 

 Inhalational anaesthetics, barbiturates, benzodiazepines – potentiation of GABAA receptor 

 Ketamine (dissociative) – inhibition of NMDA type of glutamate receptor 

 Some fluorinated GAs – inhibit cation movement by closing nicotinic ACh receptor 

 In total –receptor operated ion channels are the major site of action – thereby depressing synaptic transmission 

 23: LOCAL ANAESTHETICS 

Learning objectives 

This module discusses about various types of local anaesthetics and their chemistry, mechanism of action, kinetics, 
adverse effects and about the various types of local anaesthesia which will be of clinical significance in veterinary 
practice. 

INTRODUCTION 

Local anaesthetics 

 Agents applied locally to skin / mucosa for reversible blockade of the nerve impulses – they effectively block the 
somatic sensory, somatic motor, and ANS 

 No need for general anaesthesia (GA) – surgery performed in standing posture with or without sedation – 

 avoids prolonged recumbency and 

 no specialized equipment or technique required and easy to practice 

 Initially, in 1860 cocaine was  isolated from Erythroxylum coca – numbing of tongue (Niemann). 

 Koller introduced it into surgery (1884) 

 -- not used now– toxic and addictive 
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Ideal properties of a LA 

 Should produce reversible paralysis 

 Should be non addictive 

 Should be readily soluble and stable in water 

 Non irritant to the skin 

 Minimal toxicity 

 Compatible with epinephrine 

 Slowly absorbed to have long duration of action 

 Inexpensive 

 Not induce hyperesthesia 

Comparison of GA and LA 

General anaesthetic Local anaesthetic 

Site of action CNS Peripheral nerves 

Whole body is involved Restricted area is involved 

Consciousness is lost Consciousness is retained 

Care of vital functions essential Care of vital functions not needed usually 

Risky in poor health Safer even in poor health 

Physiological trespass is high Physiological trespass is low 

Preferred for major surgeries Not preferred (only minor surgeries can be performed) 

 

CHEMISTRY OF LOCAL ANAESTHETICS 

Local anaesthetics are divided chemically into two groups: 

 Lengthening of intermediate chain or addition of Carbon atoms in the amine or aromatic increase in potency 

 Addition of butyl group to the amine or aromatic end → lipid solubility, protein binding → increased potency 
and long action 
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Features of Amide LAs 

 More intense and longer lasting anaesthesia 

 Bind to plasma protein ( α1 acid glycoprotein) 

 Not hydrolysed by plasma esterases 

 Rarely cause hypersensitivity 

 Ester type LAs – cocaine, procaine, chloroprocaine, tetracaine, benzocaine 

 Amide type LAs – lidocaine (lignocaine), bupivacaine, dibucaine, prilocaine 

MECHANISM OF ACTION  

 Local anaesthetics block nerve conduction by decreasing entry of Na+ ions during action potential 

 As the concentration of LA is increased – rate and rise of spike potential decreases leading to slowing down of 
conduction 

 Local anaesthetic enters the inside of the cell in unionized form and gets ionized (cationic) 

 Binds to the receptor on the Na+ channel and stabilizes channel in the inactivated state. 

 Blockade efficient at a rapidly stimulated nerve rather than a resting nerve 

 Higher frequency of stimulation greater is the  blockade 

 Small and nonmyelinated fibres more sensitive than myelinated fibres View image... 

 Autonomic nerves more susceptible than somatic fibres 

 Order of blockade – pain – temperature– touch – deep pressure sense 

 Small sensory fibres more vulnerable than motor fibres 

 Addition of epinephrine prolongs action by vasoconstriction 

 Reduces systemic toxicity of local anaesthetic 

 Increases local pain, edema and painful injection 

 May cause arrhythmia and hypertension 

PHARMACOKINETICS AND ADVERSE EFFECTS 

 pKa between 8 and 9-mostly ionised at body pH. 

 Given at a local site. Absorption and distribution not desired. If absorbed and distributed, may cause CNS and 
cardiac toxicity 

 Vasoconstrictors ↓ absorption 

http://www.elearnvet.net/moodle/file.php/100/myel_nerve_fiber1.jpg
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 Ester type broken down by esterases while amide type – remain long acting 

 Amide type – hydrolysed by Microsomal enzymes 

 Metabolites excreted in urine 

 Adverse effects – 

 CNS – Initial stimulation → tremor, restlessness, convulsions and death 

 Higher doses – depression 

 Low non-seizure dose used for euphoria in man and to enhance performance in horses 

 CVS - decrease myocardial contractility, rate and force of conduction – dilatation of the arterioles 

 Renal and hepatic blood flow - decrease the blood fow to  liver and kidney so lower the metabolism and 
excretion 

FORMS OF LOCAL ANASTHESIA  

 Topical as solutions, gels, ointments, powders, to the skin or mucous memberane of the eye, ear, nose, mouth, 
pharynx, urethra, uterus or teat canal – lignocaine, tetracaine or amethocaine 

 Infiltration – highly diluted local anaesthetic solution in small quantities is injected subcutaneously in 
multiple places in the area of surgery. Lignocaine, procaine, bupivacaine, or mepivacaine 

 Peripheral Nerve Block – Injecting the local anaesthetic  in the vicinity of the peripheral nerve or 
plexus. esp. for limbs. Eg. Plantar or median nerve block in cattle lignocaine, procaine, bupivacaine, or 
mepivacaine 

 Paravertebral Anaesthesia – drugs applied to the spinal nerves as they emerge from the intervertebral 
foramen - anaesthetises a large area 

 Used for caesarean or rumenotomy in cattle ( done in a standing cattle) 

 Epidural Block – injecting into the epidural space at the lumbosacral junction. For any procedure to be 
conducted on the pelvic region and beyond. Other drugs like opioids, alpha 2 agonists, NSAIDs, corticosteroids 
etc. can be used to increase efficacy 

 Spinal block - Injection into CSF – not normally practiced 

 Regional anaesthesia/retrograde anaesthesia – Injected intravenously into an area desired for 
anaesthesia and a tourniquet is applied above the site of injection.  After the procedure, the tourniquet is 
loosened and the drug effect wanes due to dilution - eg: lignocaine, bupivacaine, or mepivacaine can be used. 

INDIVIDUAL LOCAL ANAESTHETICS 

Individual agents 

 Procaine – introduced in 1905. hydrolysed by choline esterase to alcohol and PABA. Short acting – rapidly 
metabolized in plasma. 

o Also has antiarrhythmic effect 
o Not to be used when sulphonamides are given 

 Tetracaine– ester type – for topical anaesthesia 

 Lignocaine ( lidocaine ) amide type – widely used in human and vety. medicine. 
o Resistant to choline esterase - may produce ventricular fibrillation or cardiac arrest in large doses. 
o No tissue irritation, rapid onset of action, better diffusion and 
o longer duration of action 
o Also used as antiarrhythmic agent 

 Mepivacaine – similar to lignocaine but longer acting. Not effective topically 
o Bupivacaine – long acting and more potent (4 times than lignocaine ) 
o For regional blocks and epidural blocks 

 Ropivacaine – amide type, long acting 
o Less CVS and CNS toxicity than bupivacaine 
o NOTE:  Cocaine is not in use now a days. 

 24: INHALANT ANAESTHETICS 
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Learning objectives 

This module gives a detailed information on inhalant anaesthetics their MAC values, merits and demerits of individual 
inhalant anaesthetic agents and their combined uses in surgery which has advantages and expilicit on its clinical 
significance. 

INHALANT ANAESTHETICS 

 Inhalation anaesthetics are classified as gases and volatile liquids. 

  Based on their use, they are also calssified as follows. 
o Group I Agents in current clinical use 

 Major use – Halothane, Isoflurane 
 Minor use – Enflurane, methoxyflurane, nitrous oxide, ether 

o Group II New agents – Desflurane, sevoflurane 
o Group III Agents of historical interest 

 Chloroform, cyclopropane, fluroxene, trichloroethylene 

Properties influencing drug kinetics 

 Solubility – The solubility of an inhalation anaesthetic in blood and tissues is characterised by its partition 
coefficient. An anaesthetic agent with a low blood/gas partition coefficient is usually more desirable than a 
soluble agent because it is associated with (i) a more rapid anaesthetic induction, (ii) more precise control of 
anaesthetic depth (iii) more rapid elimination of anaesthetic and recovery from anaesthesia. 

 Blood/gas partition coefficient: This is a measure of the speed of anaesthetic induction, recovery and change of 
anaesthetic levels. 

 Oil/gas partition coefficient: This describes the ratio of concentration of an anaesthetic in oil and gas phases at 
equilibrium. The oil/gas partition coefficient correlates inversely with anaesthetic potency and describes the 
capacity of lipids for anaesthetics. 

 Pharmacokinetics 
o Uptake and elimination of inhalation anaesthetics - The aim of administering an inhalation anaesthetic 

to a patient is to achieve an adequate partial pressure or tension of anaesthetic in the brain, to cause a 
desired level of anaesthesia. Gases move from regions of higher tension to those of lower tension, until 
equilibrium is established. 

o Delivery to the alveoli – This depends on the inspired anaesthetic concentration and the magnitude of 
alveolar ventilation. 

o Inspired concentration – The upper limit of inspired concentration is directed by the vapour pressure 
of the agent that in turn is dependent on the temperature. 

o Alveolar ventilation - An increase in alveolar ventilation increases the rate of delivery of inhalation 
anaesthetics to the alveoli. Alveolar ventilation is altered by changes in anaesthetic depth, mechanical 
ventilation or changes in dead space ventilation. 

o Removal from alveoli – This is dependent upon the uptake by blood. 
o Uptake by blood – Anaesthetic uptake is the product of three factors namely (a) solubility, (b) cardiac 

output and (c) the differences in anaesthetic partial pressure between the alveoli and venous blood 
returning to the lungs. 

o Cardiac output – The greater the cardiac output, the more blood passing through the lungs carrying 
away the anaesthetic from the alveoli. 

o Alveolar to venous anaesthetic partial pressure: The magnitude of difference in anaesthetic partial 
pressure between the alveoli and the venous blood is related to the amount of uptake of anaesthetic 
agent by tissues. The largest gradient occurs during induction. 

o Anaesthetic recovery – Recovery from inhalation anaesthesia results from the elimination of 
anaesthetic from the brain. A factor that is important in the rate of recovery but not during the 
induction period is the duration of anaesthesia. Other factors that are important to varying but smaller 
degree to inhalation anaesthetic elimination from the body include percutaneous loss and inter tissue 
diffusion of agents. 

o Biotransformation – Inhalation anaesthetics are not chemically inert. They undergo varying degree of 
metabolism primarily in the liver, but to a lower degree in the lung, kidney and intestinal tract. 
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o Anaesthetic dose - MAC (minimal alveolar concentration) – It is the lowest concentration of the 
anaesthetic in pulmonary alveoli needed to produce immobility in response to painful stimulus in 50% 
of individuals. The MAC of a number of general anaesthetics exhibits excellent correlations with their 
oil/gas partition coefficient. 

o The anaesthetic potency of an inhaled anaesthetic is inversely related to MAC. Thus, a very potent 
anaesthetic has a low MAC value and a high oil/gas partition coefficient. 

 MAC VALUE FOR INHALATIONAL AGENTS 

Minimum alveolar concentrations (MAC) for inhalant anaesthetics in selected animals (volume %) 

Species En 

flurane 

Methoxy 

flurane 

Halothane Iso 

flurane 

Des 

flurane 

Sevo 

flurane 

Nitrous 
oxide 

Cat 1.2 0.23 1.14 1.63 9.8 2.58 255 

Dog 2.06-2.2 0.23 0.87 1.28 7.2 2.1-2.36 188-297 

Horse 2.12 2.8 0.88 1.31 7.6 2.31 205 

Swine - - 0.91 2.04 10.0 2.66 162-277 

Duck - - 1.03 1.30 - - - 

Rabbit - - 0.82 - 8.9 3.7 - 

Monkey - - 0.89 - - - 200 

Rat - 0.27 1.11-1.17 1.38 5.7-7.1 2.45 136-255 

 

INDIVIDUAL INHALANT ANAESTHETIC AGENTS  

Halothane 

 Multihalogenated ethane – introduced in 1957 

 Rapid induction, recovery, minimal side effects and nonflammability 

 About 20 % metabolized - MAC 0.85% - not irritating to the mucous memb. 

 Depresses CNS in a dose related fashion – cerebral blood flow may increase → higher CSF pressure. Shivering 
found during recovery 

 Depression of cardiac output and bradycardia – due to vagus activity 

 May sensitize the heart to catecholamines → arrhythmia 

 Depresses Minimal neuromuscular blockade and analgesia 

 Minimal pathological changes in the liver. Hepatitis may be caused. Some metabolites may cause necrosis 

 Kidney unaffected but sometimes as a sequelae to blood flow changes 

 Poor muscle relaxation. 

 Malignant hyperthermia in pigs and man. Also in other sp. 

Isoflurane 

 Popular agent. 

 MAC – for induction 3-5% and for maintenance – 1.5 – 2.5% 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
95 

 Flourinated ether. 1% metabolized into fluoride. But not toxic. 

 Lesser vasodilatation of the brain. Affects cardiac output less than halothane and has a wider margin of safety. 

 Dose dependent depression of the heart and respiration 

 Arrhythmias not reported 

 Renal function not affected 

 Better muscle relaxation than halothane 

 Not to be used in animals with a known susceptibility to malignant hyperthermia 

 Used in reptiles 

 Yet to replace halothane in popularity 

Enflurane 

 Since 1963 

 cardiac depression, decrease cardiac output, decrease arterial BP as good as or higher than halothane 

 sensitization of the heart to catecholamines – very mild 

 2-8% metabolized but may not cause fluoride nephrosis. 

 Hepatitis reported 

Desflurane 

 Highly stable – stable at room temp. for > a year 

 Boils at close to room temp. and careful vaporization needed 

 Low solubility in blood → rapid induction 

 0.2% metabolised 

 Not popular in humans because of its irritant nature 

 Tendency to cause malignant hyperthermia 

Methoxyflurane 

 Stable compound 

 Less prone to cardiac depression, not irritating 

 Polyuric renal dysfunction due to fluoride metabolites 

 Hence withdrawn 

Ether (diethyl ether) 

 Colourless volatile liquid. Stored in a cool place but not in refrigerator 

 Inflammable – High blood - gas solubility 

 Locally refrigerant, anaesthetic, rubefacient, skin antiseptic 

 Nausea and vomition during inhalation -- disadvantageous 

 Metabolites non toxic 

 CNS – slow and unpleasant induction— 

 Heart rate and BP decrease due to epinephrine release during induction 

 Respiration – Irritant to passage, bronchial and pulmonary complications seen 

 Transient depression of liver and kidney – causes metabolic acidosis 

 However ether has been in use for more than 100 years 

 Classical stages of anaesthesia can be produced  

Chloroform 

 Unpleasant odour – Powerful rapid inducer 

 Sensitizes myocardium to adrenaline → ventricular fibrillation → sudden death (20 – 30 times more potent 
than ether) 

 Toxicity to liver – necrosis, fatty degeneration 
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 Kidney – anuria 

 Poisoning → acidosis, vomiting, acetonuria, albuminuria, pyrexia, icterus, 

 Discontinued 

Nitrous oxide 

 Colourless gas – kept compressed at 40 atm. 

 N2O increases pulmonary ventilation – due to direct stimulation of respiration. 

 Increases  its own inhalation – (Concentration effect) 

 and also that of halothane or enflurane or oxygen when given together (second gas effect) 

 MAC > 100% (104 in man to 255 in cat) – weak anaesthetic- 

 But strongly analgesic 

 An anaesthetic adjuvant 

25: INTRAVENOUS ANAESTHETICS 

Learning objectives 

A very informative module on intravenous anaesthetics 

 Their advantages and disadvantages 

 Deals with structure activity relatioship different intravenous anaesthetic agents 

 Advantages and disadvantages of individual barbiturates 

 Mechanism of action 

 Kinetics 

USES, ADVANTAGES AND DISADVANTAGES OF INTRAVENOUS ANAESTHETICS  

Uses 

 For induction of anaesthesia, followed by inhalational agents 

 As a single agent for short term procedures 

 For treatment of conditions needing long term sedation 

 For TIVA ( Total Intra Venous Anaesthesia) 

 For treatment of tetanus, epilepsy etc. 

Advantages 

 Easy induction of anaesthesia 

 Minimal apparatus requirement 

 Brief and smooth recovery 

 Minimal post-anaesthetic complications 

 No danger of explosion or pollution 

 Pleasant and nonirritating 

Disadvantages 

 Control of depth and level of anaesthesia not easy 

 If overdose given, cannot be readily eliminated or detoxified 

 Difficulty in finding vein and catheterization needed to sustain anaesthesia 

 Not ideal for caesarean as they cross placenta, may depress fetal respiration 

 Drug may be irritant if it escapes into perivascular sites 

 Contraindicated in renal and hepatic ailments 
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                BASIC STRUCTURE OF BARBITURATE 

BARBITURATES - STRUCTURE ACTIVITY RELATIONSHIP 

Barbiturates are derived from the nondepresssant barbituric acid which is a combination of malonic acid and 
urea.  Barbiturates are bitter tasting white powders. Salts containing sulfur have a yellowish tint. They are hygroscopic 
and will decompose on exposure to air, heat and light.  

Structure activity relationship 

 To be hypnotically effective, both the hydrogen atoms on carbon5 must be replaced by an alkyl or arryl group. 

 To obtain optimal therapeutic results, the substituting radicals on carbon 5 should contain a minimum of 4 and 
a maximum of 9 carbons. Addition of more carbon leads to convulsant activity. 

 Unsaturated carbon chains are more readily oxidized and hence are short acting. 

 Short chains are more stable and hence are long acting. 

 Long chains are easily oxidized and are short acting. 

 Branched chains tend to be shorter in action than straight chains. 

 Only one aryl radical should be attached to carbon 5. 

 Replacement of the oxygen atom on carbon 2 by a sulphur atom increases the potency and instability and 
shortens the duration of action of the compound. Barbiturates containing oxygen in carbon 2 are called 
oxybarbiturates and those containing sulphur are called thiobarbiturates. 

 Attachment of an alkyl group to one of the N-atoms (position 1 or 3) increases the anaesthetic potency and tends 
to stimulate the CNS. Substitution in both the N-atoms produces a convulsant. 

 Replacement of the oxygen on carbon 2 by an HN= group destroys the hypnotic activity of the molecule. 

In USA ‘al’ is substituted in the name of barbiturates for ‘one’ (For example in USA thiopentone is known as thiopental). 
Barbituric acid and its carbon 5 derivatives are sparingly soluble in water. But, the sodium salts are, water soluble salts. 
Sodium salts of barbiturates are alkaline in nature and if injected perivascularly, there is tissue irritation. Inadvertent 
injection of barbiturates into smaller artery may lead to intense vasoconstriction, thrombosis and gangrene. 

MECHANISM OF ACTION OF BARBITURATES 

 Bind to GABA receptors – increase the duration of Cl- channel opening – exert facilitation of GABA binding. 

 At high concentration  directly increase Cl- conductance and inhibit     Ca ++ dependent release of 
neurotransmitters 

 Also depress glutamate-induced action potentials 

 At very high concentration affect K+ and Na+ channels 

Pharmacology 

 CNS – Depression ranging from mild sedation to anaesthesia 

 Depression of motor areas leads  to control convulsions 

 Depression of sensory areas leads to anaesthesia 

 Subtherapeutic doses – hyperalgesia observed 

 Respiration – slight depression. On intravenous administration it produces more severe depression than oral 
o Death in barbiturate overdose is due to severe depression of respiration 
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 Cardiovascular System – myocardial depression. Normal rhythm. Large doses results in  hemodilution, 

 CVS effects depend on other co-drugs, eg. Acepromazine, dose of barbiturate and condition of the animal 

 GI tract – Initial depression followed by  increase of tone and motility 

 Kidney and liver – not significant. But metabolism and excretion affected if there is any defect in these organs 

 Uterus – At anaesthetic doses – depress uterine contraction. Cross placenta and depress fetal respiration. Not 
preferred for caesarean sections. If it is to be done, surgery completed very quickly and respiration of young one 
stimulated to overcome depression 

 Skeletal muscles – poor relaxation. Additional relaxants are needed 

PHARMACOKINETICS OF BARBITURATES 

 Absorption—readily absorbed from GI tract when given orally 

 Distribution – Cross BBB. High levels reached in brain, liver and kidney. Lipid soluble and redistribute to 
muscle leading to decrease  in plasma level of barbiturate. 

 Large store in adipose tissue. 

 Animal seems to recover once the plasma level goes down 

 Then sedate and drowsy as the drug keeps coming back to circulation from storage resulting in  long periods of 
CNS depression 

 Repeated doses end up in  cumulation. 

 Once stores are saturated can cause severe depression of CVS and respiration 

 Excretion – renal, after oxidation in hepatic and extra-hepatic sites 

 Barbiturates – known inducers of microsomal enzymes. Induces its own metabolism resulting in tolerance to 
the effects. Tolerance disappears after withdrawal of the drug. 

 Cats are sensitive to the respiratory depression and dogs to the CVS depression of barbiturates 

 Antidote – Bemegride. a CNS stimulant 

INDIVIDUAL BARBITURATES AND PROPOFOL 

 Pentobarbital sodium — was widely used for anaesthesia. But now used for control of convulsions. 

 Thiopental sodium 
o Most popular agent. 
o Used for induction of anaesthesia followed by maintenance with inhalational agents. 
o Given as a 2.5% solution in dogs and 1.25% in small dogs and cats at a dose of 20 – 25mg / kg dose (in 

non premedicated animals) but higher concentration in large animals (upto 10% in horses) 
o After a single intravenous dose, effect lasts for 10-15 min. 
o Apnea on rapid injection common. 
o Dose given slowly over 30-40 seconds till desired effect is obtained. 
o Another option is to give only 2/3rd the calculated dose and observe for the reactions till the entire dose 

is given 
o Maintenance not recommended since it accumulates in tissues 
o Care to be taken in Cardiovascular patients. 
o If Xylazine is used as premedication, dose is decreased by 75 – 90 % 
o Poor muscle relaxation 
o Weak analgesia 
o Half the dose sufficient with 2.5% solution 
o Severe sloughing, necrosis on perivascular injection if not given properly. 

 Thiamylal Na – Ultrashort acting – not used. 

 Methohexital Na —not a thiobarb.. but 2-3 times more potent and shorter acting. More rapid recovery 
o Rapid induction, good surgical anaesthesia and fast recovery. But induces tremors and even convulsions 

during recovery. 
o Tremors reduced by opioid or acepromazine premedication 
o Used as 1% soln. but in large animals up to 2.5% soln. can be used. 
o Though advantageous, superseded by newer agents 
o Other barbiturates includes phenobarbitone, Secobarbitone, hexobarbital. etc..) which are used as 

sedative-hypnotics 

 Propofol (2,6- diisopropylphenol) 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
99 

o An oily solution – highly lipid soluble, Available as an aqueous emulsion containing propofol (10 mg / 
ml), soybean oil (100 mg / ml), glycerol (2.5 mg / ml), egg lecithin (12 mg / ml) and Na OH (to adjust 
pH) 

o Induces effects by enhancing inhibitory effects of GABA (from a different pathway from that of 
Benzodiazepines) 

o On intravenous injection rapidly taken in by CNS -- but rapidly redistributed to other parts of the body 
– high Volume of distribution 

o Metabolized in liver and pulmonary tissues to respective  glucuronides and sulfates 
o On CVS – mild hypotension, may sensitize heart to adrenaline arrhythmia 
o On lungs – short periods of apnea 
o Uses – for induction of anaesthesia—with intravenous bolus or infusion with dextrose 
o In dogs – 5-7 mg/kg, dose  can be reduced  if premedicated with tranquilizers 
o Cats – 5 – 8 mg /kg 

OTHER INTRAVENOUS ANAESTHETICS 

Saffan (Althesin) (9 mg alphaxolone + 3 mg alphadolone) both steroids 

 High therapeutic index with wide margin of safety 

 Good muscle relaxation 

 Mild cardiovascular and Respiratory depression 

 Can be given both by intravenous or intramuscular 

 (5-6 mg /kg) 

 No irritation on escape into subcutaneous sites 

 Contraindicated in dogs – due to histamine release by the vehicle 

Chloral hydrate 

 Volatilizing crystalline substance 

 Reduced to 2,2,2-trichloroethanol – which is the narcotic agent 

 Hypnotic agent 

 Slow onset –difficult to assess the depth of anaesthesia 

 Perivascular escape severe reaction 

 Used in Large Animals –sometimes with barbiturates 

 12% Chloral hydrate + 6% MgSO4 intravenous in Large Animals for anaesthesia 

 Has low margin of safety 

 Not used now a days - since better agents are available 

Chloralose 

 Glucose + chloral hydrate 

 Long shallow depth and slow recovery 

 Not used 

Urethane – Carcinogenic and discontinued 

Metomidate 

 Non Barbiturate intravenous anaesthetic – imidazole product 

 Developed as hypnotic in pigs 

 Poor analgesia but strong muscle relaxation 

 Remarkable stability of the CVS 

 Used for restraint of birds apart from pigs 

Etomidate : (hypnomidate) 
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 Low CVS toxicity 

 Release histamine but in general low respiratory depression 

 Suppresses adrenocortical function 

 Expensive and not popular 

26: DISSOCIATIVE ANAESTHETICS 

Learning objectives 

In this module it is informed about 

 What is dissociative anaesthesia? 

 How does it differ from other type of anaesthesia 

 How it is superior to other type of anaestheia and its clinical significance. 

DISSOCIATIVE ANAESTHETICS 

 The drugs that cause the patient to feel dissociated from or unaware of the surroundings during induction are 
called dissociative anaesthetics. 

 Dissociative anaeasthetics depress the cerebral cortex before causing medullary depression. 

 Dissociative anaesthesia is a state whereby profound somatic analgesia is combined with a light plane of 
unconsciousness, but the animal seems to be dissociated from its environment. 

 Pharyngeal, laryngeal, corneal and pedal reflexes the abolition of which, are conveniently used to assess the 
depth of anaesthesia persist relatively unimpaired and the eyes remain wide open. These drugs are 
characterized by analgesia and superficial sleep. 

 Somatic analgesia is good while visceral analgesia is poor. Muscle relaxation is poor. Catalepsy is noticed with 
rigidity and partial extension of the limbs. These drugs rapidly cross the placental barrier and affect the foetus. 

 Dissociative anaesthetics are contraindicated in animals with head trauma or space occupying lesion in the 
brain, corneal ulcers and laceration. 

 In humans, dreams and emergence of hallucinations are the features of its use and the adminstration of 
dissociative anaesthetics is largely restricted to younger children. 

 Dissociative anesthetic agents increase muscle tone, spontaneous involuntary muscle movement (occasionally 
seizure), salivation, lacrimation are also increased. Cardiovascular effects of dissociatives are dose dependent. 

KETAMINE AND OTHER DRUGS 

Ketamine 

 Dissociative agent – causes profound analgesia, immobility, amnesia with light sleep, and feeling of dissociation 
from one’s own body and surroundings. 

 Primarily acts on the cortex. Inhibits glutamate receptor, analgesia partly through opioid receptors. 
May interfere with  glutamate and NMDA receptors.  

 Can be given both intravenous and intamuscular 

 On anaesthesia some reflexes remain active – cough, pharyngeal etc. hence may not be suitable for surgeries for 
endosopy or oropharyngeal surgery 

 Good for brief operations and repeated use 

 Ketamine presented as 5 ml or 10 ml vials (100 mg / ml) 

 Stable for 3 years 

 Rapid induction (slower than thiopental) 

 No drug accumulation 

 Rapidly metabolized by liver (metabolite – norketamine – hypnotic - long standing drowsiness and prolonged 
recoveries in large doses) 

 Central stimulation of sympathetic system stimulation of CVS (tachycardia, high BP) 

 Large doses direct depression of myocardium 
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 Produces good analgesia 

 Increased muscle tone. So muscle relaxant needed 

Problems in Ketamine 

 Humans - dreams and hallucinogens 

 Cats – maybe thrown to convulsions if subjected to any noise and other disturbances 

 Corneal drying due to open eyes – bland ophthalmic ointment in eyes 

 Depth of anaesthesia – difficult to judge – inexperienced person may go for more and more amount of the drug 

 Combination with alpha-2 agonist – may lead to vomition in some cases 

 Popularly ketamine is used in combination with xylazine or xylazine- diazepam in many species for muscle 
relaxation. 

Tiletamine 

 More potent, longer acting, greater side effects 

 Tiletamine + zolazepam—combination is found to be useful. 

27: HYPNOTICS AND SEDATIVES 

Learning objectives 

 This module gives an indepth information on various types of drugs which have relative effects on CNS 

 Induce sedation, hypnotic effect 

 Clinically useful for transportion of animals 

 As preanaesthetic medication purpose. 

TRANSQUILIZER, SEDATIVE AND HYPNOTIC 

Tranquilizer 

 Tranquilizers (ataractics or neuroleptics) – Drugs that relieve anxiety without undue sedation.  

 Used to facilitate quietening and handling of animals, as a premedication 

Sedative 

 A drug that subdues excitement and calms the subject without inducing sleep with drowsiness. 

Hypnotic 

 A drug that induces and or maintain sleep, similar to normal arousal sleep 

PHENOTHIAZINES 

Phenothiazines: Chlorpromazine, Acepromazine, Promethazine, Triflupromazine. 

Mainly used as a tranquilizers (ataratics or neuroleptics) that relieve anxiety without undue sedation facilitating 
quietening and handling of animals. 

 Wide range of central and peripheral effects – act on dopamine, norepinephrine, 5HT and histamine receptors. 

 Decrease spontaneous motor activity 

 Depress the brain stem and connections to the cortex 

 At high doses catalepsy is produced – animals remain immobile at a fixed position for a long time 
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 Powerful antiemetic action 

 Antiadrenergic action on heart result in Cardiovascular collapse 

 Chlorpromazine –(Largactil) – prototype drug which was popular in human and veterinary medicine.  

 Widely used in humans for antipsychosis 

 Acepromazine – popular drug 

 Good sedative – lasts 4 – 6 h but much high reported in dogs 

 May show initial excitement 

 Also cause hypothermia and antiemetic effect 

 Causes paralysis of the retractor penis resulting in  priapism and paralysis of the penis in stallion and bulls and 
affect their market value 

 Also causes prolapse of third eyelid 

 Used as antispasmodic in colic in horses 

 Used as a sedative premedication 

 Also in pets for antiemesis 

 Promethazine – used as an antihistaminic 

 Triflupromazine (Siquil) as a sedative, as a restraint and as a preanaesthetic 

 Methotripromazine – agent with significant analgesic action 

OTHER GROUPS OF TRANQUILIZERS 

Butyrophenones: Eg- Haloperidol, droperidol, azaperone, fluanisone.  

 Central blockade of DA and NE actions 

 In man may cause unusual behavioral side effects 

 Little Cardiovascular  or respiratory effects 

 Potent antiemetics 

 Reduce motor activity and resulting in  catalepsy 

 Haloperidol – human drug – antipsychotic 

 Droperidol - main use in neurolptanalgesia combination. (+Fentanyl),(or + benzodiazepines) 

 Azaperone – popular sedative in pigs – animal not to be disturbed for 20 min. after injection – may cause 
excitation 

 Use – premedication in pigs 

 To sedate pigs – for preventing fighting, to avoid rejection of piglets by mothers and for fostering 

 Not recommended in horses – due to excitement 

 Fluanisone - use in neurolptanalgesia combination. 

Benzodiazepines : Eg- Chlordiazepoxide, Diazepam, Midazolam 

 First in 1955 – Chlordiazepoxide depressants of CNS –acts on limbic system produces muscle relaxation  by 
inhibition of neurons at spinal levels 

 Action through specific Benzodiazepine receptor – GABA mediated action 

 Acts at a site different from Barbiturates on the GABA gated Cl - channel 

 Example of a receptor site for a non endogenous drug 

 Minimal cardiovascular  effect and mild respiratory depressio 

 Diazepam—popular drug. 

 As a sedative, premedication, neuroleptanalgesia 

 Muscle relaxant in dissociative anaesthesia 

 Anticonvulsant effects 

 Popular sleeping tablet in man 

 Midazolam – shorter acting – used in combination with ketamine 

 Chlordiazepoxide – less used 

 Benzodiazepines – appetite stimulant in children and animals 

 Flumazenil – Benzodiazepine antagonist –used to reverse toxicity with benzodiazepines 
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Thioxanthines 

 Chlorprothixene – Depressant, anticholinergic, antiemetic and antihistaminic actions 

 Used as sedative in dogs, sheep and goats, for ceasarean in pigs 

α2 AGONISTS 

 These are drugs that depress the CNS activity sufficiently to cause lethargy, drowsiness and indifference to the 
surroundings. They decrease loco motor activity allay fear and apprehension, but the animal remains conscious 
when normal clinical dose rates are used. The term hypnotic implies loss of consciousness and is used to 
indicate the effect in higher doses. 

 α2 agonists like xylazine, detomidine and metomidine are used as sedative hypnotics. Xylazine is used as 
sedative analgesic and muscle relaxant in horses and all farm animals except pigs. In ruminants the drug may 
abolish ruminal movements leading to tympany and ruminal distension. 

 Detomidine is used in horses as sedative analgesic and as preanaesthetic. 

 Metomidine is more potent than xylazine and is used in dogs and cats. 

 Xylazine - This drug is α2 an  agonist very similar in structure to clonidine. In cats, horses, and cattle, xylazine 
will cause sedation and CNS depression. In horses, xylazine produces visceral analgesia better than meperidine, 
butorphanol, or pentazocine. In horses, xylazine may also cause penile prolapse, but no permanent paralysis is 
produced. 

 The sedation in horses is accompanied by head-lowering, relaxed facial muscles, and a pendulous lower lip. 
Occasionally, xylazine may cause a paradoxical increase startle reflex. 

 The caregiver should be wary of kicks. In cats (and rarely in dogs) xylazine may cause emesis. It is used as an 
emetic agent in feline in poisonings (producing emesis within about 3-5 minutes). 

 In cattle (and less frequently in cats and horses), xylazine may cause polyuria, thought to be mediated by a 
decrease in ADH release or activity. Species differences occur in the potency of xylazine. 

 Ruminants are extremely sensitive to its effects, requiring only 1/10 the equine dose. Alternately, swine are very 
resistant and must be given 20-30 times the ruminant dose (for this reason, xylazine is rarely used in swine). 

28: OPIOIDS - I 

Learning objectives 

The lesson deals with 

 Opioids 

 How does it differ from NSAID which is also used as a pain killer. 

 What are the different types of opioid receptor? 

 Know in detail about the mechanism of action 

 Clinical uses and its species difference 

 Toxicity. 

OPIOIDS-INTRODUCTION AND CHEMISTRY 

 Narcotic is a Greek word used for stupor and this word narcotic is most appropriately used for any drug that 
induces sleep. Opioid drugs are commonly used as narcotic analgesics. 

 Opium has been used in medicine since the dawn of history. Opium is the air-dried milky exudates obtained 
from the incised unripe seed capsules of the poppy plant Papaver somniferum. 

 Opium contains about 24 alkaloids but only a few like morphine and codeine are of importance. The alkaloids 
may be phenantherenes like morphine, codeine and thebaine or benzylisoquinolines like papaverine and 
noscapine. 

 The term opioid is applied to any substance, whether endogenous or synthetic, that produces morphine-like 
effects that are blocked by antagonists such as naloxone. 

 The older term, opiate, is restricted to synthetic morphine-like drugs with non-peptidic structures. 
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 Tincture of opium is known as laudanum and camphorated tincture of opium is known as paregoric. Paregoric 
is used in the treatment of diarrhoea. 

Chemistry 

 Morphine  was the first plant alkaloids that was isolated. Morphine molecule consists of a partially 
hydrogenated phenantherene nucleus. 

 In addition two hydroxy groups (alcoholic and phenolic) are important in maintaining the pharmacological 
integrity of the morphine molecule. 

o Alteration in the phenolic hydroxy group reduces analgesic potency, respiratory depression and 
likelihood of constipation. A stimulant activity upon the CNS is noted when substitution is made in this 
position. 

o If substitution is made in the alcoholic hydroxy position, narcotic and respiratory depressions are 
enhanced. Eg: Hydromorphone 

o Substitution in either of the hydroxy positions lessens the emetic activity of the parent molecule. 
Codeine and hydromorphone are less potent than morphine in producing emesis. 

o Semisynthetic derivatives of morphine are apomorphine hydrochloride, a potent emetic agent and 
naloxone hydrochloride, an antagonist of opiate drugs that have important clinical applications. 

                                                                  

      BASIC OPIOID STRUCTURE OF MORPHINE 

MECHANISM OF ACTION 

 Opioids act centrally to elevate the pain threshold and to alter the psychological response to pain. They also act 
peripherally. The pharmacological effects result from interactions with one or more of the four opioid receptors 
(mu, sigma, kappa and delta).  

 The pharmacological effects vary among the opioid derivatives, depending upon the physiological effects 
associated with each receptor, its location in the body and the type of interaction between the opioid and the 
receptor. 

 Opiate receptors occur in high density in the dorsal horn of the spinal cord, where they are responsible for 
modulating pain. 

o μ (Mu) receptors give rise to analgesia and sedation above the spinal cord or in the spinal cord. 
Interactions with μ receptors also cause euphoria, respiratory depression and physical dependence. 

o κ (Kappa) receptors are responsible for analgesia that is spinal in origin and for miosis and sedation. 
o σ (Sigma) receptors are no longer recognized as a separate class of receptors. Positive interactions 

between drugs and these receptors provide no analgesia. Rather, many of the adverse effects of the 
opioids are mediated at these receptors, including dysphoria, hallucinations, respiratory stimulation 
and some of the vasomotor responses to opioids. 

o δ (Delta) receptors appear to modulate, among other effects, emotional behaviour and 
immunomodulation. These receptors may also contribute to analgesia. 

 All opioid receptors are linked through G-protein to inhibition of adenylate cyclase. They also facilitate opening 
of potassium channels causing hyperpolarization and inhibit opening of calcium channels. These membrane 
effects are not linked to decreased cAMP formation. 

 Species differences in number of receptors, their location and specificity and selectivity to the various drugs are 
important to differences in response to the opiates. 
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 Opioids can interact with these receptors as agonists or antagonists. Pure agonists have high affinity for delta 
and kappa sites. Some drugs like codeine, methadone and dextropropoxyphene are referred to as weak agonists, 
since, their maximal effects, both analgesic and unwanted side effects are lower than those of morphine and 
they do not cause dependence. 

 Mixed agonists exhibit variable binding specificities at each receptor sub type, with some sites being agonistic 
and other sites antagonistic. Partial agonists do the same as mixed agonists, but their positive interaction with 
the receptors occurs with less than full activity at some of the receptors. Thus many of the varied effects of these 
drugs result from the agonistic actions at one receptor and antagonistic activity at another. 

Endogenous opioids 

 Three families of endogenous opioids have been described. They are β endorphins, enkephalins and dynorphin. 

 β endorphins are present in the pituitary gland, hypothalamus, small intestine, placenta and plasma. 

 Enkephalins are widely distributed in areas of the CNS that receive afferent nociceptive information. They also 
exist in the peripheral nervous system, gastrointestinal tract and plasma. 

 Dynorphins are believed to function primarily as neuromodulators in the CNS through interaction with the mu, 
kappa and delta opioid receptors. 

 The greatest role of β endorphins is probably modulation of nociception during stress and acupuncture. 

 Enkephalins act as inhibitory neurotransmitters and may elicit analgesia through the modulation of substance P 
release. Enkephalins play a role in acupuncture mediated, analgesia. 

 Dynorphins may be most important in nociception at the spinal cord level through activation of kappa 
receptors. 

PHARMACOKINETICS OF OPIOID 

 Readily absorbed from GI tract, nasal mucosa, lung, subcutaneous, intramuscular and intravenous route 

 Wide distribution 

 Has wide volume of distribution 

 Free morphine accumulates in kidney, lung, liver, and spleen 

 CNS is primary site of action (analgesia/sedation) - Biotransformation in liver - Conjugates with glucuronic acid 

 Excreted by kidney 

 Half life is 2.5 to 3 hours (does not persist in body tissue) 

PHARMACOLOGICAL EFFECTS OF MORPHINE 

Antinociception 

 Severe cancer pain is tolerated more when morphine is given; relieves all types of pain, but most effective 
against continuous dull aching pain  
sharp, stabbing, shooting pain also relieved by morphine. 

 When morphine is given to a pain free individual : 
o Morphine causes miosis (pinpoint pupils) due to kappa receptor effect 
o Pinpoint pupils show still responsive to bright light 
o Oculomotor nerve (Cranial Nerve 3) is stimulated by kappa receptor site  
o If kappa receptor is blocked, mydriasis from sigma effect will result 
o Atropine partially blocks effect indicating parasympathetic system involved 
o High doses (overdose situation) of morphine cause excitatory and spinal reflexes 
o High doses of many OPIOID agents cause convulsions  due to stimulation at sigma receptor 

CNS 

 Is the primary site of action of morphine. 

 Morphine causes sedation effect, with no loss of consciousness,analgesia, euphoria, mood change mental 
cloudiness 
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 Depending on the dose and its primary and continuous depression of respiration leads to : decrease rate, 
decrease volume and decrease tidal exchange. 

CVS 

 Morphine produces vasodilatation 

 Morphine causes the release of histamine and 

 Suppression of central adrenergic tone and 

 Suppression of reflex vasoconstriction 

GIT 

 Increase in tone and decrease in mobility leads to constipation 

 Decreased concentration of HCl secretion 

 Increased tone in stomach, small intestine, and large intestine delay of passage of food (gastric contents) so 
more reabsorption of water leading to constipation effect. 

On smooth muscles 

 Biliary tract - marked increase in the pressure in the biliary tract 

 Increase due to contraction of Sphincter of Oddi urinary bladder 

 Tone of detrusor muscle increased, feel urinary urgency 

 Have urinary retention due to increased muscle tone where sphincter closed off 

Bronchial muscle 

 Bronchoconstriction can result 

 Contraindicated in asthmatics, particularly before surgery 

Uterus 

 Contraction of uterus can prolong labor 

Neuroendocrine effect 

 Inhibit the release of gonadotropin-releasing hormone (GnRH) and corticotropin-releasing factor (CRF) 

 Decreasing circulating concentrations of luteinizing hormone (LH), follicle-stimulating hormone (FSH), ACTH, 
and beta endorphin. TSH unaffected. 

 

29: SYNTHETIC OPIOIDS 

Codeine 

 Substitution of hydroxyl moiety with methyl group on 3 position 

 Analgesic potency is one tenth the potency of morphine 

 Absorbed readily from GI tract,the absorption is more regular and predictable than morphine 

 Metabolized like morphine through glucuronic acid 

 Physical dependence is necessity of drug so you don't go through withdrawal 

 Tolerance and physical dependence is protracted from morphine since potency of codeine is low 

 Withdrawal from codeine is mild in relation to morphine 

 Antitussive 
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Heroin (diacetylmorphine) 

 Substitution with acetyl groups at 3 and 6 hydroxy positions 

 Analgesic potency is 3 to 4 times more of morphine 

 Most lipophilic of all the OPIOIDs 

 Morphine is the least lipophilic of all the OPIOID 

 Crosses the blood brain barrier rapidly (morphine crosses slowly) 

 Hydrolyzed to mono acetyl morphine, then to morphine making more of the drug in the brain making it 3 to 4 
times more potent withdrawal symptoms of heroin similar to morphine, but more intense (rebound effect, 
mydriasis, diarrhea, vasoconstriction, dysphoria etc.) 

Hydromorphone 

 Substituted with ketone at 6 hydroxyl position of morphine 

 Strong agonist 

 Highly potent 

 More sedative than morphine so less euphoric 

 Less constipation 

 Does not produce miosis 

 Tolerance and physical dependence is more intense than morphine because of its high potency 

 Respiratory depression 

Fentanyl 

 Synthetic drug 

 More potent than morphine 

 Rapidly acting 

 Used as preanaesthetic medication 

 Short acting (30-45 min) 

 Onset of action is 5 minutes 

 Very highly potent 

 Highly abused - known as china white as street name 

Meperidine 

 Addictive liability as morphine 

 CNS effective actions as morphine 

 Sedation, analgesia, respiratory depression 

 Highly potent as morphine 

USES OF OPIOIDS 

 Morphine is the prototype drug. – Morphine from opium – dried latex from the unripe capsule of Papaver 
somniferum- The ‘gold standard’ for assessing analgesics 

o Analgesia – euphoria – respiratory depression – vomition – constipation by increasing the tone of the 
gut ( closure of lumen and also the sphincters) 

o Man, dog and rabbits – depression 
o Cats and horses – stimulation 
o Miosis in dogs and mydriasis in cats 
o Little effect on CVS – higher doses may cause bradycardia 
o Use – analgesia before, during and after surgery- eg., Codeine, Diacetylmorphine (Heroin) – acts as 

agonist: Nalorphine, lavallorphan acts as partial agonist and Naloxone as pure antagonist. 

 Pethidine – 1/10th as potent – spasmolytic, analgesic, sedative 

 Methadone – synthetic agonist – equipotent – used in horses and dogs 
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 Fentanyl – 50 times as potent -Part of neuroleptanalgesia, balanced anaesthesia and for postoperative analgesia 
(transdermal patches – for prolonged pain relief) 

 Pentazocine – analgesic- prescription drug 

 Buprenorphine – partial agonist - slower onset and long duration of action (bell shaped curve for analgesia) 
higher doses poor analgesia 

 Etorphine – very potent – needs a very small dose – (0.5 mg / 500 kg) 
o Small volume enough to sedate and anaesthetize large animals using dart guns - very long acting 
o Immobilon for neuroleptanalgesia ( + acepromazine or methotripromazine) 
o Diphenoxylate – antidiarrhoeal 
o Codeine – cough suppressant 
o Naloxone – antagonist – used to reverse toxicity or delayed sedation. 

OPIOID INTERACTIONS 

CNS depressants with OPIOID often potentiate  an additive depression 

 OPIOID and phenothiazines  
o produces an additive CNS depression as well as enhancement of the actions of OPIOID (respiratory 

depression) 
o Produce a greater incidence of orthostatic hypotension 

 OPIOID and tricyclics antidepressants -Produce increased hypotension 

 Meperidine and MOA inhibitors - results in severe and immediate reactions that include excitation, rigidity, 
hypertension, and severe respiratory depression 

 OPIOID and barbiturates - increased clearance of opioids 

 OPIOID and amphetamine - enhanced analgesic effect 

SPECIES DIFFERENCES WITH OPIATES 

 Equine, Bovine, Caprine, Ovine, Porcine, and Feline patients may show CNS stimulation rather than CNS 
depression. Canine patients may initially defecate with the opioids. This is frequently followed by decreased GI 
motility, leading to constipation that is more commonly associated with this class of drugs. 

 Dogs may also respond to opiates with initial respiratory stimulation, which is then followed by typical 
respiratory depression. The opiates are cough suppressants in dogs. Additionally, dogs will exhibit coronary 
vasoconstriction, the opposite effect of that observed in humans. 

 Rabbits, Canines (and primates) exhibit miosis (pupillary constriction) while feline and other species exhibit 
mydriasis (pupillary dilatation). Canine and feline patients will exhibit emesis at very high doses, while other 
species (especially ruminants and swine) do not exhibit emesis. 

 Dogs and rabbits will typically exhibit hypothermia in response to the opiates while cattle, goats, horses, and 
cats typically exhibit hyperthermia. 

 The opiates are used primarily as analgesics in veterinary practice, often administered with an ataractic (such as 
acepromazine), especially in excitable species. 

Absorption, fate and excretion 

 Opioids are readily absorbed from the small intestine and some from the stomach. 

 Absorbed well after subcutaneous administration. Not absorbed through intact skin. 

 Glucuronide conjugation is the primary metabolic pathway. 

Toxicity 

 Toxicity decreases with maturity of the animal. In dogs convulsions similar to strychnine are noticed. 

 In cattle CNS stimulation and gastrointestinal disturbances without fatality. Addiction is rarely encountered in 
animals. 

Precautions and contraindications 
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 Tolerance develops to morphine usage. High degree of tolerance is exhibited in analgesia, euphoria, sedation, 
respiratory depression, antidiuresis, emesis and anti tussive, moderate tolerance is exhibited in bradycardia and 
no tolerance is exhibited in miosis and constipation. 

 Used with caution in uremic and toxemic dogs. Should not be used to control strychnine poisoning, tetanus and 
epilepsy. Should not be administered in shock and in animals with head injury. 

OPIOID ANTAGONISTS 

Naloxone 

 No analgesic activity at all 

 Competitive antagonist at mu, kappa, and sigma receptor 

 Displaces morphine and other OPIOID from receptor site 

 Reverses all actions of the OPIOID and does it rather quickly  

 Precipitate withdrawal person on heroin 

 Naloxone effects are seen in the first five minutes and it only lasts for 30 minutes: 

 Increase blood pressure 

 Metabolized same as morphine through glucuronic acid and excreted through kidney 

Naltrexone 

 Almost similar to naloxone except it is used orally 

 Long duration of activity 

 Single dose block action of heroin effects for 24 hours 

 Used for emergency treatment 

 Once stabilized, give patient naltrexone 

 Patient get no euphoric effect from heroin so person gets off heroin (negative reinforcement) 

 Approved for use by the FDA 

 Also used for treatment of alcohol rehabilitation. 

30: NEUROMUSCULAR BLOCKERS - I 

Learning objectives 

 This module describes the drugs that can be used as a muscle relaxants during surgical interventions 

 Mechanism of action 

 Toxicity. 

 DEFINITION 

Neuromuscular blockers or skeletal muscle relaxants are drugs that act peripherally or centrally to reduce muscle tone 
and cause transitory paralysis. 

CLASSIFICATION 

Peripherally acting agents 

  Non depolarizing blockers (competitive blockers) 
o Long acting: d-tubocurarine, Gallamine triethiodide, Pancuronium,Doxacurarium, Pipercuronium 
o Intermediate acting: Vecuronium, Atracurarium, 
o Short acting: Mivacurium 

 Depolarizing blockers(non competitive blockers): Succinylcholine, Decamethonium 
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 Centrally acting agents : Dantrolene sodium, Quinine. 

                                                    

MECHANISM OF ACTION 

Competitive blockers 

 Have affinity for the nicotinic (NM) cholinergic receptors at the muscle end-plate but have no intrinsic activity. 

 Most of competitive blockers have one or more quartenary N+ atoms which provide necessary affinity to the 
same site. 

 Competitive blockers have a thick bulky molecules hence temed as pachycurare. 

 Ach released from motor nerve endings is not able to combine with its receptors to generate end-plate potential 
(EPP). d-tubocurarine thus reduces frequency of channel opening but not its duration or the conductance of a 
channel once opened. 

 When the magnitude of EPP falls below a critical level it is unable to trigger propogated muscle action potential 
and muscle fails to contract in response to nerve impulse. 

 At very high concentrations curare like drugs directly block sodium channels to produce noncompetitive neuro 
muscular blockade. 

 Decamethonim and succinylcholine have affinity as well as submaximal intrinsic activity at the 
NM cholinoceptors. 

 They depolarize musle end-plate by opening sodium channels and initially produce twitching and fasciculation 
because focal muscle stimulation is transient. 

 Long lasting depolarization produce repetitive excitation of fibre. 

 Depolarizing drugs do not dissociate rapidly from the receptor, induce partial prolonged depolarization, 
inactivation of sodium channels, action potential drops to 50 mV, Ach released from motor nerve endings is 
unable to generate propogated MAP, flaccid paralysis occurs. 

 The depolarizing agents produce dual mechanism neuromuscular blockade which is divided as Phase I which is 
rapid in onset,results from persistent depolarization of EPP and has classical feature of depolarization 
blockade.The depolarization decline shortly afterwards and repolarization occurs even in the presence of drug at 
the receptor and Phase II supervenes. 

 Phase II is slow in onset and results from desentization of the receptors to Ach. 

Click to view animation... 

http://www.elearnvet.net/moodle/file.php/100/Animations/Corrected_animations/Neuromuscular_blocking_agent.swf
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PHARMACOKINETICS 

 All neuromuscular blockers are quaternary compounds-- Not orally absorbed 
o Given as i.m or i.v. 
o Muscle with rich blood supply gets affected first 
o Do not cross placenta or BBB 
o Gallamine is not metabolized.  

 d-tubocurarine, Pancuronium, Doxacurium and Pipercuronium are partly metabolized 
o Vecuronium, Atracurium, Mepvacurium, Rovacurium are largely metabolised 
o Unchanged drug is excreted in urine and bile. 

 Succinylcholine is rapidly hydrolysed by plasma pseudocholinesterase to succinyl monocholine and then to 
succinic acid and choline. 

o Some may have deficiency of pseudocholinestease thereby entering phase II blockade leading to muscle 
paralysis and apnoea lasting for hours. 

PHARMACOLOGICAL ACTIONS 

Skeletal muscles 

On i.v administration of  non depolarizing blocker rapidly produces muscle weakness followed by flaccid muscle 
paralysis. 

 The order of paralysis is as follows: fingers,extraocular,hands,feet,arm,leg,neck,face,trunk,intercostal 
muscles,diaphragm and respiration stops. 

 Recovery occurs in reverse fashion. The peak effect and duration of action depends on several factors like 
anaesthetic used, haemodynamic status, renal and hepatic status etc., 

 Depolarizing agents produce fasciculations lasting few seconds before inducing flaccid paralysis. 

 Apnoea occurs withing 45-90 seconds but lasts 2-5 minutes recovery is rapid. 

 d-tubocurarine has maximum effect. 

Autonomic ganglia 

 Cholinergic receptors in autonomic ganglia is nicotinic, competitive blockers produce some degree of ganglionic 
blockade. 

 Succinylcholine cause ganglionic stimultion by its agonistic action on nicotinic receptors. 

CVS 

 d-tubocurarine produce significant fall in blood prssure - due to ganglionic blockade, histamine release and 
reduced venous return. 

 Gallamine has muscarinic vagal blocking action in the heart and cause tachycardia. 

 Pancuronium and Vencuronium cause tachycardia with negilible effect on BP and heart rate. 

 Sucinylcholine has variable effect. 

 Generally bradycardia due to activation of vagal ganglia followed by tachycardia and rise in BP due to 
stimulation of sympathetic ganglia. 

GIT 

 Competitive blockers may enhance post operative paralytic ileus after opeation. 

CNS 

 Being a quaternary compound do not cross blood brain barrier. 
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 DIFFERENCE BETWEEN COMPETITIVE AND NON-COMPETITIVE BLOCKERS 

 
 

 Competitive blocker (d-tubocurarine) Depolarizing blocker 
(Succinylcholine) 

Paralysis in human Flaccid Fasiculation resulting in flaccidity 

Paralysis in chick Flaccid Spastic 

Species sensitivity Rat>Rabbit>Cat Cat>Rabbit>Rat 

Neostigmine Antagonism block No effect 

Inhalation anaesthetic 
(ether) 

Synergistic No effect 

Order of paralysis Fingers-eyes-limbs-neck-face-trunk-
intercostal muscles 

Neck-limbs-face-jaw-eyes-pharynx-
trunk-intercostal muscles 

 

INDIVIDUAL NEUROMUSCULAR BLOCKERS 

Competitive Neuromuscular blockers: d-tubocurarine, Gallamine triethoiodide, Pancuronium, 
Vencuronium 

 d-tubocurarine: is an alkaloid obtained from Chondrodendron  tomentosum 
o Prominent release of histamine 
o Ganglionic blocking 
o Long duration of action 
o Not used now. 

 Gallamine triethiodide 
o Produce marked tachycardia due to vagal blockade, 
o Needs reversal. 

 Pancuronium 
o Synthetic steroidal compound 
o 5 times more potent than d-tubocurarine 
o Long duration of action 
o Reversal required 
o Cardiovascular staility is good. 
o Inexpensive routinely used. 

 Vencuronium 
o Close congener of pancuronium with shortest duration of action. 
o Cardiovascular stability is still better. 

 Atracurium 
o A bisquaternary compound 
o Shorter acting 
o Unique feature is inactivation in plasma by spontaneous non enzymatic degradation. 

Depolarizing neuromuscular blocker 

 Succinylcholine 
o Most commonly used muscle relaxant for passing endotracheal tube. 
o Induce rapid, predictable and complete paralysis with spontaneous recovery in five minutes. 

USES AND TOXICITY 

Uses 
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 As an adjunct to general anaesthesia. 

 Succinylcholine is employed for brief procedures. 

 Convulsions and trauma from electroconvulsive therapy can be avoided by use of muscle relaxants. 
Succinylcholine can be used for this purpose. 

 In severe cases of tetanus and status epilepticus not controlled by benzodiazepines.  

Toxicity 

 Respiratory paralysis and prolonged apnoea 

 Flushing common with d-tubocurarine 

 Fall in blood pressure and cardiovascular collapse can occur in hypovolaemic conditions 

 In digitalized individuals cardiac arrhythmias and even arrest can occur with succinylcholine. 

 Precepitation of asthma with d-tubocurarine 

 Post operative muscle sorenes with succinylcholine 

INTERACTIONS 

 Thiopentone  and Succinylcholine-react chemically. Hence donot mix in same syringe. 

 General anaesthetics potentiates competitive blockers. 
o Isoflurane potentiates more than halothane 
o ketamine intensifies nondepolarizing blockers. 

 Adrenaline and other sympathomimetics reduce competitive blocker by increasing Ach release. 

 Diuretics produce hypokalaemia -enchancing competitive block. 

 Calcium channel blockers verapamil potentiate both type of blockers. 

 Anticholinesterases reverse the action of competitive blockers. 

 Muscarinic action of neostigmine can be prevented by atropinization. Pretreatment with antihistamines is 
indicated. 

 Aminoglycosides reduces Ach release from prejunctional nerve ending by competing with calcium ions. So the 
dose of competitive blockers should be reduced in patients receiving high doses of antibiotics. 

31: NEUROMUSCULAR BLOCKERS - II 

Learning objectives 

 This module describes centrally acting muscle relaxants 

 Their importance in the relaxation of muscles during surgical procedures are dealt with in this lesson without 
much sedation and loss of conciousness. 

 The difference between central and peripherally acting muscle relaxants is described. 

CENTRAL AND DIRECT MUSCLE RELAXANTS 

Central and direct acting muscle relaxants are: 

 Chemically and pharmacologically different from neuromuscular blockers. 

 Does not affect neuromuscular transmission or EPP but uncouples contraction from depolariztion of the muscle 
membrane. 

 Depolarization triggered release of calcium ions from sarcoplasmic reticulum is reduced. 

 Fast contracting twitch muscles are affected than slow contracting. 

 Reduce skeletal muscle tone by a selective action in the cerebrospinal axis, without altering conciousness. 

 Do not have sedative action. 

 Have no effect on neuromuscular transmission and on muscle fibres. 
Reduce rigidity,spasticity and hyperreflexia. 

Difference between central and peripherally acting muscle relaxants 
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Centrally acting muscle relaxants Peripherally acting muscle relaxants 

Muscle tone decreased 

No reduction in voluntary movements 

Muscle paralysis 

Voluntary movements are lost 

Postsynaptic reflexes in CNS are inhibited Neuromuscular transmission is blocked 

CNS depression CNS effect not significant 

Administred orally/parentrally Administered by i.v.only 

Value in the treatment of spastic muscle spasms, tetanus Commonly used for short procedures 

Dantrolene a centrally acting muscle relaxant is 

 Absorbed orally 

 Penetrates BBB and produces sedation 

 Metabolized by liver and excreted by kidney 

 Reduces spasticity  upper motor neurones disorders 

 Drug of choice for malignant hyperthermia due to persistent release of calcium ions from Sarcoplasmic 
reticulum. (induced by fluorinated anaesthetics and Ach in genetically susceptible individuals) 

Adverse effects 

 Muscle weakness 

 Sedation 

 Malaise 

 Light headedness and other central effects. 

Other centrally acting muscle relaxants are: 

 Mephenesin group: Mephenesin, Carisoprodol, Chlorzoxazone, Chlormerzanone,Methocarbamol 

 Benzodiazepines: Diazepam 

 GABA derivatives: Baclofen. 

Mephenesin is also known as internuncial neurone blocking agent because of its primary action in the spinal intenuncial 
neurone which modulate reflexes maintaining muscle tone. 

CLINICAL USES OF CENTRALLY ACTING MUSCLE RELAXANTS 

 Acute muscle spasms 

 Torticollis 

 Lumbago 

 Backache 

 Neuralgia 

 Muscle pull 

 Anxiety 

 Tension 

 Spastic neurological ailments 

 Tetanus 

 Electoconvulsive therapy 

 Orthopaedic manipulation 

32: CNS DEPRESSANTS 
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Learning objectives 

Role of various anticonvulsants and their : 

 Mechanism of action 

 Various methods of doping 

 Drugs used in euthanesia of animals are dealt in this module. 

CNS DEPRESSANTS 

Tranquilizer sedatives (Ataratics) 

 Phenothiazines: Promazine,Acepromazine,Chlorpromazine. 

 Butyrophenones: Azaperone, Droperidol, Haloperidol. 

 Sedative hypnotics: Chloral hydrate, Xylazine, Detomidine, Metomidine Phenobarbitone, Diazepam. 

General anaesthetics 

 Gases:  Nitrous oxide,Cyclopropane                                   

 Volatile liquids: Diethyl ether, Chloroform, Isoflurane, Halothane, Methoxyflurane    

 Injectable:  Barbiturates, Metomidate, Etomidate                           

 Dissociatives: Ketamine                                                                              

 Anxiolytics: Diazepam,Chlordiazepoxide                                                                                

 Central muscle Relaxants: Guafenesin, Mephnesin                                 

 Anticonvulsants:Phenytoin, Primidone 

ANTICONVULSANTS  

Epilepsy is a condition frequently reported in dogs and cats. Seizure is the term used for altered brain function, loss of 
consciousness and increased muscle tone or movement, altered sensations and other neurological changes. Convulsive 
seizure is the term used for spastic muscle movement with unconsciousness. Convulsions may be due to hypoxia, 
hypoglycaemia, hypocalcaemia, poisoning by lead, strychnine or organophosphorous compounds and infectious disease 
like distemper, hydrocephalus, neoplasia or parasitic migration involving the central nervous system. 

The pathogenesis of seizures include: 

 Altered balance of excitation and inhibition 

 Altered resting membrane potential 

 The paroxysmal shift: damaged group of neurons will suddenly shift into a depolarized state generating a burst 
of action potentials 

An ideal drug used for the maintenance of antiepileptic action should have 

 Long duration of action 

 No metabolic tolerance due to liver enzyme induction effect 
o Good oral absorption and subsequent blood brain barrier penetration 
o Effectiveness at subsedative dose rates 
o No major side effects 

 An ideal drug used in status epilepticus should have 
o Effective centrally acting muscle relaxant properties 
o Rapid onset of action 
o Suitability for intravenous or intramuscular administration 

 For treating any epilepsy a suitable anticonvulsant drug is used 
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Anticonvulsant drugs 

 Phenobarbitone – This was the first drug to be used as an antiepileptic. It is the drug of choice in dogs and cats. 
Has a slow onset but, longer duration of action. It is a potent inducer of liver microsomal enzymes and is highly 
protein bound. It is administered once daily. 

 Primidone – This is 2-deoxy analog of phenobarbitone. Not preferred to phenobarbitone as hepatotoxicity has 
been reported. 

 Diphenylhydantoin – This is a membrane stabilizing agent used as antiarrythmic and anticonvulsant. 
Intravenously used in status epilepticus. For general clinical use it is of limited value because of poor absorption 
and high hepatotoxicity. 

 Trimethadione – The major side effect of this drug is photophobia as observed in distemper and hence is not 
commonly used. 

 Valproic acid – This drug has a short half-life in the dog and hence it is not used. 

 Carbamazepine – Elimination is too rapid in the dog. 

 Diazepam – Drug of choice in status epilepticus. Act by enhancing the inhibitory effects of GABA in the CNS. 
Has minimal depressant actions on the cardiovascular and respiratory systems. More rapid penetration of the 
CNS is observed. Metabolic tolerance also occurs readily. 

 Clonazepam – Metabolic tolerance does not occur. Passage into the CNS is rapid. But a decreased effectivenesss 
is noticed with continuous treatment. 

 Bromides – Ammonium, potassium and sodium bromide are used to control convulsions. 

Note: Drugs contraindicated in epilepic patients – Reserpine, phenothiazines, butyrophenones, metaclopramide, 
fluorinated quinolones, morphine, methylxanthines and chloramphenicol. 

GENERAL MECHANISM OF ACTION OF ANTICONVULSANT DRUGS 

 Enhance inhibition through the GABA-chloride ion channel complex: Benzodiazepines, barbiturates, 
Gabapentine, levitetracetam and Bromides 

 Decrease excitation through excitatory amino acid neurotransmitters and calcium channels: Nimodipine, 
lamotrigine and topiramate 

 Decrease action potential generation through the sodium channels: Phenytoin, carbamazepine and zonisamide 

 Felbamate and valproic acid acts by unknown mechanism 

SIDE EFFECTS OF ANTICONVULSANT DRUGS 

 Sedation and ataxia 

 Rarely excitability and irritability 

 Development of tolerance 

 Polyphagia, polydipsia and polyuria 

 Addictive and sudden withdrawal may precipitate seizures 

 Hepatotoxicity 

 Pancreatitis 

 Allergic reaction 

DRUGS FOR DOPING  

One of the important duties of a veterinarian is to check the health status of animals during racing and during sports like 
bullfight. In this aspect he has to check if the animal has been doped. 

Doping is defined as the administration to an animal of any substance, other than a normal nutrient, for the purpose of 
affecting its speed, stamina, courage or conduct in a race. It may be considered under, four headings as doping to win, 
therapeutic doping, doping to lose and doping by accident. 

 Doping to win: This consists of administration to the horse of some drug that will enhance its racing 
performance. These substances fall into two categories – stimulants and tonics. A stimulant in this connection is 
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a compound such as caffeine or amphetamine that has a direct immediate effect on the heart or the CNS. It 
must be administered within an hour or two of the start of the race. The second form of doping to win is the 
continuous administration of some form of tonics in the hope of building up a better, stronger animal. Vitamins, 
hormones and anabolic steroids fall into this category. 

 Therpeutic doping: This resembles doping to win  that it involves the use of a drug to increase the animal’s 
speed, but its aim is not to increase this to some artificially high values, but to restore it to its normal level from 
which illness or accident has caused it to deteriorate. Thus procaine may be given to mitigate the effects of 
lameness, phenylbutazone to treat arthritic conditions or a tranquilizer to calm an obstreperous animal. 

Both doping to win and therapeutic doping are regarded as “inside jobs”, carried out by the trainer or someone in his 
immediate employ. 

 Accidental doping : This consists of the inadvertent administration of some drug which would be considered as 
dope if given deliberately. Alkaloids like nicotine is an example are examples of accidental doping. 

 Doping to lose: This is done by administration of a depressant. The drug may be given at any time during the 24 
or 48 hours before the race. It is usually regarded as “outside job”. 

Drugs used in doping include: 

 Central nervous system depressants: In this group the most commonly used are tranquillisers. Phenothiazine 
derivatives like acepromazine and chlorpromazine are used. Benzodiazepines are also commonly used. In 
addition to the tranquillisers, xylazine, morphine and other opioid analgesics, barbiturates and other hypnotic 
drugs are used for doping. 

 Drugs affecting the autonomic functions: Beta blockers, parasympathomimetics and parasympatholytics are 
used for doping. 

 Neuromuscular blockers: These drugs cause a marked muscular relaxation and loss of muscle power and are 
sometimes used for doping. 

 Diuretics: Diuretics such as furosemide that increase potassium excretion are sometimes used for dopoing. 

 Gastrointestinal drugs: Laxatives and purgatives are also used for doping. 
o Drugs causing cardiorespiratory depression: Drugs like lidocaine are used for doping. 
o Metabolic depressors: Drugs like antithyroid are used. 

 Other groups: Anti-inflammatory, analgesic, local anaesthetics, cardiorespiratory stimulants, hormones etc. are 
also used for doping. 

DRUGS FOR EUTHANESIA 

 These drugs are used to produce a quick, painless death when other treatment is no longer effective. The AVMA 
(American Veterinary Medical Association) panel on euthanesia states that barbiturates are the "preferred 
method" of euthanesia for small animals. 

 Most agents contain pentobarbitone (for the cardiovascular and respiratory depressant actions). 

 Many agents also include a drug that will induce arrhythmias, thus hastening the death of the animal. 

 In some instances the animal should be administered an ataractic (e.g. Acepromazine/diazepam) prior to the 
pentobarbitone, especially if the animal is in pain or is agitated. 

           33: ANALEPTICS AND OTHER CNS STIMULANTS 

Learning objectives 

This module gives an insight about the various CNS stimulants which are very important during emergency situations 
for resustication of respiration clincially and to experimentally demonstrate different types of convulsive seizures and 
screening of various drugs that are newly entering the market. 

CLASSIFICATION OF CNS DRUGS 

CNS Stimulants 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
118 

 Spinal stimulants: Strychnine, Brucine 

 Medullary stimulants: Doxapram, Bemegride, Picrotoxin, Nikethamide, Leptazole 

 Cortical stimulants: 
o Classical Cocaine, Dextramphetamine, Xanthines 
o  Psychotomometics: Mesacline, LSD, Antidepressants, Imipramine, Desipramine 

CONVULSANTS 

 Mechanism of action of CNS stimulants  

 Convulsants: Strychnine, Picrotoxin, Bicuculline and Pentylenetetrazol (PTZ) 

 Strychnine: alkaloid from Strychnos nuxvomica (etti) 

 Potent convulsant – spinal stimulant 

 Inhibits glycine – a spinal cord neurotransmitter 

 Due to loss of synaptic inhibition, any stimulus is responded with hyperactivity 

 Not used. Banned for use. Treatment includes depressants and anaesthetics 

 Picrotoxin: from Anamirta cocculus – fish berries 

 GABA inhibition - prevents Cl- channel opening  

 Clonic, spontaneous and asymmetrical convulsions – not used 

 Antidote – diazepam 

 Bicuculline – synthetic – picrotoxin-like action 

 GABA antagonist – as a research tool 

 PTZ causes CNS depolarization – similar to picrotoxin 

 Used in the past for stimulation in respiratory paralysis, circulatory failure, physical and mental improvement in 
dementia– not used now 

 Only used as an experimental tool 

ANALEPTICS 

Analeptics 

 Respiratory stimulants – Used in coma or fainting. But may cause convulsions and not safe – mechanical 
ventilation is safer 

Clinical uses 

 In hypnotic drug poisoning in the absence of mechanical ventilation 

 Suffocation on drowning 

 Apnoea in infant 

 Failure to ventilate spontaneously after GA 

Drugs 

 Doxapram – to stimulate respiration in postanaesthetic period. 
o Used to reverse barbiturate depression or inhalant anaesthetic depression 
o Used in dog, cat and horse 

 Nikethamide – similar to doxapram – no longer used because of respiratory suppression. 
o For ordinary fainting – reflex stimulation with smelling of ammonia or alcohol is enough – no need for 

analeptics 

PSYCHOSTIMULANTS 

Amphetamine , d-amphetamine and methylamphetamine 

 Act by releasing noradrenaline and dopamine from vesicles 

http://www.elearnvet.net/moodle/file.php/100/0084_VPT321_Drugs_affect_neurotransmitters_-_Amphetamines.exe
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 Increases mental activity 

Methylphenidate  

 Similar to Amphetamine but superior 

 Can be used for improving attention and learning 

Methylxanthines – Caffeine, theophylline and theobromine 

 Caffeine in coffee beans – 1% 

 Theophylline and caffeine in tea leaves – 3% 

 Stimulate CNS, dilate blood vessels and promote diuresis 

 Caffeine  irritates CNS cortex by blockade of adenosine receptors, induce cAMP (inhibit phosphodiesterase, 
enzyme that degrades cAMP) 

 Rarely used in animals 

 Migraine 

 Apnoea in infants 

 Theophylline useful as a bronchodilator 

4 – Aminopyridine – antagonist to d-tubocurarine (nicotinic blocker)Antagonizes several CNS depressants such as 
pancuronium, diazepam-ketamine, neuroleptanalgesia etc. 

Yohimbine – alpha2 antagonist – specific antagonist to xylazine poisoning but also other agents 

Tolazoline - alpha2 antagonist and other mood elevators. 

34: ANTIPSYCHOTIC DRUGS 

Learning objectives 

An the end of this module the learner will have an idea about 

 Mood elevators 

 Mechanism of action 

 Classification 

 Pharmacological action 

 Role in keeping the animals calm at times of disturbed situations dealt in this module 

CLASSIFICATION  

Antipsychotics are agents which gives calmness in psychotic or maniac states 

Classification of antipsychotic drugs 

Phenothiazine 

 Aliphatic compounds: Chlorpromazine, Triflupromazine 

 Piperidine compounds: Thioridazine 

 Piperazine compounds: Trifluoperazine, Fluphenazine, Thioproperazine 

 Butyrophenones: Haloperidol, Trifluperidol, Doperidol, Penfluridol 

 Thioxanthenes : Chlorprothixene, Thiothixene, Fluphenthixol 

 Others : Pimozide, Molindone, Sulpiride, Loxapine, Reserpine 

 Neuroleptics: Clozapine, Risperidone 
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MECHANISM OF ACTION 

 All antipsychotic drugs have potent dopamine (D2) blocking action. 

 Block the limbic system and mesocortical areas. 

 Mainly block the adaptive changes to blockade of D2 receptors. 

 Firing of dopamine neurons and dopamine turnover increases initially. 

 Over a period of time this subsides and gives way to diminished activity in the basal ganglia. 

PHARMACOLOGICAL ACTIONS  

CNS 

 In normal animals it produces indifference to surroundings, psychomotor slowing, emotional quietening, 
reduction in initiative and tendency to sleep. 

 The effects are neutral and unpleasant. 

 In psychotic it reduces erratic behaviour, agitation and aggressiveness and produces control over the symptoms. 

 Anxiety is relieved. Hyperactivity,hallucinations and delusions are suppressed. 

 All Phenothiazines, thioxantheses, butyrophenones have same antipsychotic efficacy. 

 The aliphatic and piperidine compounds have low potency, produce more sedation. 

 Antipsychotic drugs take weeks to develop to produce sedation leading to tolerance to sedative effect. 

 Vigiliance is impaired, intelligence and performance are not disturbed. 

 The disturbed sleep pattern in a psychotic is normalized. 

 Chlorpromazine lowers seizure threshold and precipitate fits in untreated epileptics. Renders the patient 
poiklothermic. 

 Neuroleptic, at times has a potent antiemetic action exerted through the CTZ. 

 In animals selectively inhibits “conditioned avoidance response” 

 Catalepsy is produced. 

 Clozapine has a weak D2 blocking action. 

 The extrapyramidal effects are due to dopaminergic blockade in the basal ganglia  

 Neuroleptics have a varying degree of alpha adrenergic blocking activity. 

 Anticholinergic property is weak 

 Have a weak H2 antihistaminic and anti-5HT action. 

Local anaesthesia  

 Chlorpromazine is potent local anaesthetic, irritant 

 Others have weak membrane stabilizing property. 

CVS 

 Neuroleptics produce hypotension due to action on central and as well as peripheral sympathetic tone. 

 High doses of chlorpromazine directly depress heart and produces ECG changes (QT prolongation and 
suppression of T waves). 

Skeletal muscle  

 Have no effect on muscle. 

 Spinal reflexes are not affected. 

Endocrine 

 Neuroleptic consistently increase prolactin resulting galactorrhoea and gynaecomastia. 

 Tolerance to sedative and hypotensive develops within days or weeks. 

 Oral absorption is unpredictable and bioavailability is low 
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 So preferred i.m or i.v administration. Cross blood brain barrier hence concentration in the brain is higher than 
plasma. 

FEATURES  

Features of different antipsychotic drugs 

 Triflupromazine: More potent than chlorpromazine produce muscle dystonia when injected . 

 Thioridazine: Potency is low, marked central anticholinergic action, lowest incidence of extrapyramidal side 
effects, cardiac arrhythmia and interfere with male sexual function. 

 Trifluoperazine, fluphenazine, thioproperazine: Highly potent. Have minimum autonomic action. Cause 
hypersensitivity reactions. Extrapyramidal side effects are marked.  

 Haloperidol: Potent antipsychotic with few autonomic effects. Less epileptogenic.. 

 Trifluperidol: Slightly potent than haloperidol 

 Droperidol: A short acting neuroleptic, used in combinationn with anaesthesia. 

 Penfluridol: A long acting neuroleptic 

 Flupenthixol: A less sedative than chlorpromazine. 

 Pimozide: A specific Dopamine antagonist. Has a long duration of action, considered for maintenance therapy. 

 Loxapine: Action is quick and lasts for 12 hours. Sedation is less but cardiac and neurological toxicity is 
prominent. 

 Clozapine: Is a atypical antipsychotic.. Weak D2 blocking action. High incidence of agranulocytosis and other 
blood dyscriasis. 

 Risperidone: Block D2 and 5HT2 receptors. 

ADVERSE EFFECTS 

 CNS : drowsiness, lethargy, mental confusion 

 Alpha adrenergic blockade - hypotension, inhibition of ejaculation 

 Anticholinergic: Dry mouth, constipation, urinary hesitancy 

 Endocrinal: Glactorrhoea, gynaecomastia, infertility. 

  Extrapyramidal effects: Rigidity, tremor, shuffling gait 

 Acute muscular dystonia - muscle spasms, torticollis, locked jaw. 

 Akathesia - restlessness, feeling of discomfort, apparent agitation 

 Tardive dyskinesia -purposeless involuntary facial and limb movements, constant chewing, pouting , puffing of 
cheeks, lip licking. 

 Blue pigmentation of exposed skin, corneal opacity, retinal degeneration. 

 Hypersensitivity reactions - rashes, urticaria, contact dermatitis, photosensitivity and agranulocytosis. 

USES 

 Psychoses 

 Mania 

 Anxiety 

 Antiemetic 

 Preanaesthetic medication 

 Potentiate hypnotics, analgesics, and anaesthetics 

 Tetanus 
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                                        GLOSSARY 

A 

Acceptor sites 
: 

It is the term used to denote sites of drug binding other than those that are directly concerned in the 
pharmacodynamic response. For example many drugs are bound to plasma albumin. Hence albumin binding sites 
can be described as acceptor sites. 

 

Additive effect 
: 

Additive effect describes the combined effect of two chemicals that are equal to the sum of the effect of each agent 
being given alone. Example administration of a α adrenoceptor blocker with a thiazide diuretic has additive 
antihypertensive effect. 

 

Adrenergic antagonist 
: 

These are agents, which interacts with the adrenergic receptors and by occupying these sites do not allow an 
adrenergic agonist access have access to the receptor Eg: ergot. 

 

Adrenergic blocker 
: 

These are agents, which interacts with the adrenergic receptors and by occupying these sites do not allow an 
adrenergic agonist access have access to the receptor Eg: ergot. 

 

Adrenergic blocking drugs 
: 

These are agents, which interacts with the adrenergic receptors and by occupying these sites do not allow an 
adrenergic agonist access have access to the receptor Eg: ergot. 

 

Adrenergic drugs 
: 

Amine substances that cause physiological responses similar to those mediated by the endogenous adrenergic 
mediators epinephrine (adrenaline) and nor epinephrine ( nor adrenaline) are known as adrenergic drugs. Eg: 
Amphetamine. 

 

Adrenergic neuron blocking drugs 
: 

These drugs act pre synaptically at the nerve terminal to cause a decreased release of neither endogenous 
neurotransmitter nor epinephrine Eg: Reserpine. 
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Adrenergic receptors 
: 

These are macromolecular structures that a re localized on within the surface membrane of cells innervated by 
adrenergic neurons. These are classified as α and β adrenoceptors. 

 

Adrenoceptor blocker 
: 

These are agents, which interacts with the adrenergic receptors and by occupying these sites do not allow an 
adrenergic agonist access have access to the receptor Eg: ergot. 

 

Adrenoceptors 
: 

These are macromolecular structures that a re localized on within the surface membrane of cells innervated by 
adrenergic neurons. These are classified as α and β adrenoceptors. 

 

Adverse effects 
: 

This term is confined to harmful or seriously unpleasant effects occurring at doses intended for therapeutic 
(prophylactic or diagnostic) effect and which call for reduction of dose or withdrawal of the drug and /or forecast 
hazard from future administration. 

 

Agonist 
: 

Agonist is an agent that mimics the effects of endogenous regulatory compound. Agonist may be also be defined as a 
drug that possesses affinity for a particular kind of receptor and has the ability to cause a change in the receptor that 
gives rise to an observable effect. 

 

Alkaloid 
: 

Alkaloid is a term applied loosely to all organic bases of a plant origin containing one or more heterocyclic nitrogen 
atoms in their molecules. Alkaloids are normally insoluble in water. However, the salts of alkaloids are soluble. Eg: 
Morphine 

 

Allergens 
: 

Substances that cure reaginic antibody formation are known as allergens. 

 

Analeptic agents 
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: 

Drugs that stimulates the respiratory and vasomotor centers in the medulla of the brain is an analeptic Eg: Doxapram. 

 

Analgesics 
: 

These are agents which relieve pain by raising the pain threshold. They may be classified as narcotic and non-narcotic 
analgesics Eg: Narcotic analgesics- Morphine, Non-narcotic- Aspirin 

 

Anodynes 
: 

Smoothening agents that relieve pain are anodynes. They are also known as antiperspirants or anisudorifics Eg: 
Atropine. 

 

Antagonism 
: 

Antagonism is the interference of one chemical with the action of the other. 

 

Antagonists 
: 

These are agents that are themselves devoid of any intrinsic activity but cause the effects by inhibition of the action of 
an agonist. Drugs that have no activating effect whatver on the receptors, are termed as pure antagonists. 

 

Anticonvulsants 
: 

 Drugs that prevent epileptic and related types of convulsions are known as anticonvulasants. Eg: Phenytoin 

 

Antidepressants 
: 

Drugs that elevate mood of depressed patients are antidepressants. They are to ftwo groups-thymoleptic and 
thymorectic 

 

Antihypertensive drugs 
: 

Drugs that lower abnormally high blood pressure are antihypertensive drugs. Eg: Guanethidine. 

 

Anti-inflammatory drugs 
: 
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Drugs that relieve pain or discomfort by blocking or reducing inflammatory process are called anti- inflammatory 
drugs. They are grouped as steroidal an non-steroidal anti-inflammatory agents. Steroidal – Eg: Betamethasone, 
Non-steroidal – Eg: Phenylbutazone 

 

Antipyretic 
: 

Drugs that lower a raised body temperature are known antipyretics or febrifuges. Eg: Paracetamol. 

 

Antisialaogues 
: 

These are dugs, which reduce the flow and fluidity of saliva. Eg: Atropine. 

 

Antisialics 
: 

These are dugs, which reduce the flow and fluidity of saliva. Eg: Atropine. 

 

Antispasmodic 
: 

These are gents used to relive smooth muscle spasm of the intestinal, bile duct and ureters. Eg: Belladona. 

 

Antitussive 
: 

Antitussive are preparations used to relieve or suppress cough usually by central depression of cough centre. Eg: 
Codeine phosphate. 

 

Autacoids 
: 

Autacoids are substances that are normally present in the body or may be formed on them. Though they function in 
humoral regulation they cannot conveniently be classed as hormones or neurotransmitter. They are described as local 
hormones because they have a brief lifetime and act near the sites of synthesis. They are also known as tissue 
hormones and are usually vasoactive. 

 

Autoreceptor 
: 

An auto receptor is a receptor located anywhere on a neuron that response to the transmitter released by that neuron. 
It usually mediates a negative feed back response. Pre synaptic receptors are auto receptors. 

 

B 
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Blood Brain Barrier 
: 

Blood brain barrier represents an important boundary between periphery an the CNS in the form of a permeability 
barrier to the passive diffusion of substances from the blood stream into various regions of the CNS. 

 

Bradykinin 
: 

Bradykinin is a peptide that causes constriction of most smooth muscles but dilataion of arterioles and veins. It 
increases capillary permeability and stimulates certain nerve structures. 

 

Butyrophenones 
: 

Butyrophenone is a group of neuroleptic drugs with potent dopamine antagonistic action. Eg: Haloperiodol 

 

C 

Catecholamines 
: 

Catecholamines are directly acting sympathomimmetic amines, which have a catechol nucleus Eg: Epinephrine. 

 

Competitive antagonism 
: 

When an agonist and antagonist compete to occupy the receptor according to law of mass action, the type of drug 
action is known as competitive antagonism. This antagonism is also known as surmountable antagonist. It can be 
overcome by increasing the concentration of the agonist. 

 

Competitive antagonist 
: 

Competitive antagonist are agent which when given in appropriate dosage are capable of reversing or blocking the 
antagonistic effects. 

 

Counterfiet incorporation 
: 

This is a mechanism wherein which the property exhibited by certain drugs that are stuructural analogs of normal 
biological chemicals, which may incorporated into cellular components and thereby alter their function. 

 

Cross tolerance 
: 

Cross tolerance occurs when administration of one drug makes the animal become tolerant to another drug. Eg. 
Tolerance to one member of the aminoglycoside produces tolerance to the other members of aminoglycosides. 
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Cummulation 
: 

Drugs which are slowly excreted or slowly detoxicated tend to accumulate in the body. When such substances are 
given at frequent intervals the amount of drug retained in the body may be sufficient to periodic signs of poisoning. 
This process is called cummulation. 

 

Curariform drugs 
: 

Drugs which have theproperties of curare are known as furariform drugs. They exhibit neuromuscular blocking 
effects. Eg: Gallamine. 

 

D 

Dispositional antagonism 
: 

It is the alteration of the disposition of a substance (its absorption, biotransformation, distribution or excretion) so 
that less of the agent reaches the target organ or its persistence there is reduced. 

 

Dissociative anesthetics 
: 

Dissociative anesthetics are drugs that produce a state of catalepsy without loss of consciousness, analgesia but little 
muscle relaxation. The eyes remain open. Pharyngeal and laryngeal reflexes are abolished only when high doses of the 
drug are administered. Since the individual who received the drug experiences s a strong feeling of dissociation from 
the environment it is known as dissociative anesthetics. Eg: Ketamine hydrochloride. 

 

Dopaminomimmetic drug 
: 

A drug that reproduces some or all of the actions of dopamine by a direct agonistic action on dopamine receptors is a 
dopaminomimmetic drug. Eg: Bromocriptine. 

 

Dose 
: 

Dose of a drug is an estimate amount of the drug, that when administered by a particular route to a certain species is 
most likely to produce a certain intensity of response. 

 

Drug abuse 
: 

Use of pschyotropic substances in a way that would contribute a public health and social problem is known as drug 
abuse. 
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Drug action 
: 

The method by which the drug influences a cell is known as drug action. The initial consequence of drug receptor 
interaction only is known as action of a drug. 

 

Drug addiction 
: 

It is a state of periodic or chronic intoxication produced by repeated consumption of the drug. Its characteristic 
include (i) an overwhelming desire or needed to continue taking the drug and to obtain it by any means (ii) a tendency 
to increase the dose (iii) a psychic and generally a physical dependence on the effects of the drug and (iv) detrimental 
effect on the individual and society. 

 

Drug dependence 
: 

It is a state of psychic and sometimes physical resulting from the behavioral and other responses that always include 
in compulsion to take the drug on a continuous basis in order to experience its psychic effect and sometimes to avoid 
the discomfort of its absence. It is a state arising from repeated periodic or continuous administration of a drug that 
results in harm to the individual and sometimes to the society. 

 

Drug disposition 
: 

The fate of drugs after absorption is known as drug disposition. This includes distribution and metabolism. 

 

Drug effect 
: 

The detectable changes that follows and alteration in cellular functions initiated by the interaction of a drug cellular 
component or content is known as drug effect. The sequence of changes that follow a drug action is said to be drug 
effects. 

 

Drug interactions 
: 

When two or more drugs are administered concomitantly, they may exert their effects independently or they may 
interact and thereby enhance o, reduce or delay the effect of each other. Such interactions are called drug interactions. 
These interactions may be pharmacodynamic interactions or pharmacokinetic interactions. 

 

Drug receptor 
: 

These are sites with which a drug binds but no action is associated. They are often large capacity and low affinity in 
type like plasma albumin. These sites are also known as sites of loss. 

 

E 
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Eicosanoids 
: 

Substances derived from 20 carbon poly unsaturated fatty acids like arachidonic acid are eicosanoids. These include 
prostaglandins, thromboxanes and leukotrienes. 

 

Endobiotic substance 
: 

A chemical produced within the biological system is an endobiotic substance (Greek: Endon- within; Biosis-living) Eg: 
Acetylcholine. 

 

F 

Fade 
: 

Fade is the term used to describe the waning of the response in the continued presence of agonists. 

 

False transmitter 
: 

An abnormal neurotransmitter synthesized in the nervous tissue as a consequence of supplying an excess of abnormal 
substrate to the transmitter synthesizing enzyme system. 

 

First order kinetics 
: 

A process of drug absorption or elimination follows first order kinetics when the rate of absorption or elimination is 
proportional to amount of the drug present in the body. 

 

First pass effect 
: 

This refers to that portion of absorbed drug that is removed before entering general circulation. For example a drug 
given orally may be largely destroyed in the liver or its first passage via the portal vein before it reached reaches the 
general circulation. 

 

Functional antagonism 
: 

This occurs when two compounds produce opposite effects on the same physiological function. Eg: Histamine and 
Salbutamol. 

 

G 

Ganglionic blocking drugs 
: 
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Drugs that block the transmission of impulse through autonomic ganglia by interacting with acetylcholine receptor 
complexes. Eg: Hexamethonium. 

 

Ganglionic stimulants 
: 

Drugs that stimulate autonomic ganglia are known as ganglion stimulating drugs. Eg: Nictoine. 

 

General anesthesia 
: 

A drug that produced reversible general anesthesia to a depth sufficient to permit surgery is known as general 
anesthesia Eg: Thiopentone sodium. 

 

Glycosides 
: 

Glycosides are various sugars combined with other organic structures through an ether linkage. They are neutral and 
will not form salts. Generally they are soluble in alcholol and not in water. Eg: Digitalis. 

 

H 

Half life 
: 

It is the time taken for the plasma concentration or the amount of the drug in the body to be reduced by 50%. 

 

Hallucinogens 
: 

These are substances that produce mental change, which resembles those of some psychotic states. They are used by 
people seeking a new experience or escape. Eg: LSD. 

 

I 

Intolerance 
: 

Intolerance means a low threshold to the normal pharmacological action of a drug. 

 

Intrathecal anesthersia 
: 

The anesthetic drug is administered into the spinal fluid to produce spinal anesthesia. It temporarily paralysis the 
spinal roots in the subarachnoid space it contacts and anesthetizes the tissues innervated by the affected nerve. 

 



Veterinary Neuropharmacology 
 

BY- Manuprabh, Naveen, Pradeep 
131 

Inverse agonists 
: 

These are substances that combine with a receptor and produce effects that are specifically opposite to those of the 
agonist. 

 

Isoenzymes 
: 

Different forms of an enzyme, usually occurring indifferent tissues. The isoenzymes of a particular enzyme catalyse 
the same reaction, but they differ in some other their properties. 

 

Isotonic solutions 
: 

A solution in which body cells can be bathed without causing a net flow of water across the cell membrane that is the 
solution exerts the same osmotic pressure as that of the intra cellular fluid. 

 

K 

Kallokerins 
: 

These are enzymes that act on kinnogens to produce kallidin and / or bradykinnin. They are also known as 
kininogensases. 

 

L 

Loading dose 
: 

The loading dose is one or a series of dose that may be given at the onset of therapy with the aim of achieving the 
target concentration rapidly. 

 

Local anesthetic 
: 

Local anesthetics are agents, which simply remove sensation from a part of conscious animals by interfering with the 
ability of the peripheral nerves to function are known as local anesthetics. 

 

Luteolytic agents 
: 

Agents that in way or other inhibit the action of corpus luteum to secrete progesterone are known as luteolytic agents. 
Eg: PGF2α. 

 

Lymphokine 
: 
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Lymphokines are biological response modifiers produced by activated lymphocytes that act to modulate the immune 
system. 

 

M 

Maintenance dose 
: 

The series of relatively small doses that follow the loading dose in order to maintain an effective concentration in the 
bio phase is maintenance dose. 

 

Modulator 
: 

A ligand that increases or decreased the action of an agonist by combining with a distinct site on the receptor 
macromolecule is a modulator. 

 

Muscarinic effects 
: 

The effects of acetylcholine that are mimicked by the alkaloid muscarine and that are selectively antagonized by 
atropine are termed as muscarinic effects. It can be defined as the effects at the post ganglionic cholinergic nerve 
endings (parasympathetics nerve endings plus the cholinergic symapathetic nerves to the sweat glands)and those non 
innervated receptors on blood vessels are described as muscarinic as they resemble those of the alkaloid muscarine. 

 

Muscle relaxants 
: 

These are agents that produce relaxation of striated (non cardiac) muscles. This term is not used for agents which 
produce relaxation of smooth muscles. They may be grouped as centrally acting muscle relaxants neuromuscular 
blocking agents and those interfering with contractile mechanism. Eg: Centrally acting – Baclofen. Neuromuscular 
blocker – Tubocurarine: interference with contractile mechanism – Dantrolene sodium. 

 

N 

Nerve block anesthesia 
: 

This means to anesthetize a region which may be small or large by injecting the drug around and not into the 
appropriate drugs. 

 

Neurohumoral transmitter 
: 

These are chemical agents by means of which nerve transmit their impulses across most synapses and neuroeffector 
junctions. 

 

Neurolept analgesia 
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: 

It is a type of narcosis produced by the combination of a neuroleptic agent for ataractic or sedative effects and an 
opiate analgesic for analgesic effects. It is a calm and indifferent state produced in preaparation for minor surgery. Eg: 
Droperidol, Fentanyl. 

 

Neuroleptics 
: 

These are drugs with therapeutic effect or schizophrenia and some other psychoses and they cause emotional 
quietening, indifference and psychomotor slowing. They also cause movement disorders. Eg: Droperidol. 

 

Neurotransmitters 
: 

These are chemical agents by means of which nerve transmit their impulses across most synapses and neuroeffector 
junctions. 

 

Nicotinic effects 
: 

The effects of acetylcholine that are mimicked by nicotine and that are not readily anatagonized by atropine but are 
selectively blocked by other agents (Eg: Tubocurarine) are described as nicotinic effects. It can also be defined as the 
actions of acetylcholine and substances acting like it at the autonomic ganglia and at the neuromuscular junction as 
they are like the stimulant effects of nicotine. 

 

Non specific drugs 
: 

If the effects of the drug result from several mechanism of action the drug is said to be a non-specific drug. Eg: 
Phenothiazine derivative like acepromazine produces sedation by increasing the rate of dopamine turn over in the 
brain, antiemetic effect by depressing chemoreceptor trigger zone, hypotensive effect by alpha adrenergic blockade 
and antispasmodic effect on the gastrointestinal smooth muscle by anticholinergic mechanism. 

 

O 

Opiate 
: 

This term is used for the natural alkaloids of opium. 

 

Opioid 
: 

This term is used for agents having similar actions like opiates. 

 

P 

Parasympathetic drugs 
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: 

Drugs that mimic the actions acetylcholine or muscarine ar known as parasympathetic durgs. 

 

Parasympatholytic drugs 
: 

Drugs that block the action of acetylcholine or muscarine are known as parasympatholytic drugs. Eg: Atropine 

 

Partial agonist 
: 

Partial agonist is a drug that has both agonist and antagonist action. This drug in addition to blocking action of 
natural agonist to the receptor is capable of a low degree. 

 

Phenothiazines 
: 

Drugs whose molecules have a phenothiazine nucleus are known a phenothiazines. These drugs include 
phenothiazines, centrally acting muscle relaxant phenothiazines and neuroleptic phenothiazines. 

 

Preanaesthetic medication 
: 

It is a general term used to denote administration of some agent shortly before administration of an anesthetic. Such 
agents are administered for smooth and easy induction of anesthesia, to reduce the amount of anesthetic required, to 
decrease the excitement, to increase the period of surgical anesthesia, to reduce various secretions, to bring about 
sufficient muscle relaxation and to decrease the pre and post operative pain. Eg: Atropine. 

 

Prostaglandins 
: 

Prostaglandins are a diverse family of fatty acid derivatives synthesized by virtually all cells of the mammalian 
organism. 

 

Psychocysleptics 
: 

These are substances that produce mental change, which resembles those of some psychotic states. They are used by 
people seeking a new experience or escape. Eg: LSD. 

 

Psychomimetics 
: 

Drugs that produce acute hallucinations and psychotic reactions are psychomimetics. Eg: LSD. 
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Psychostimulants 
: 

Drugs that elevate mood and reduce fatigue when mood is not depressed are psychostimulanats. Many of them have 
secondary depressant effects and most are capable of producing drug dependence. Eg: Amphetamine. 

 

Psychotropics 
: 

Drugs used in treatment of mental disturbances and that produce acute reactions. resembling those occurring in 
mental disease are psychotorpics. Eg: Lithium salts. 

 

Pyrogens 
: 

Pyrogens are substances that cause a rise in body temperature. Tests for the presence of pyrogens in fluids for 
injections are an important part of the quality control in pharmaceutical industry. The tests depend upon injecting the 
fluid intravenously in rabbits and testing for any elevation in temperature. 

 

R 

Receptive substance 
: 

It is their term used to denote that component of the organism with which the chemical agent is presumed to interact. 
It is also defined as the term used to denote any cellular macromolecule to which a drug binds to initiate its effects. 

 

Receptor 
: 

It is their term used to denote that component of the organism with which the chemical agent is presumed to interact. 
It is also defined as the term used to denote any cellular macromolecule to which a drug binds to initiate its effects. 

 

S 

Secondary effects 
: 

These are indirect consequences of a primary drug action. When undesirable side effect is a delayed sequence of the 
main action it its known as secondary effects. Eg: Superinfection following the administration of broad spectrum 
antibiotics. 

 

Secondary messengers 
: 

It is a term used to desirable the role of cyclic AMP I hormone action. The hormone (first messenger) stimulates 
specific receptors with the result that adenylate cyclase is activated and cyclic AMP is formed. This term is now used 
to include all intermediate factors in the cascades of events hat lie between receptor activation and cellular response. 
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Sedatives 
: 

Sedatives are durgs used to calm, anxious and estless patients without cusing sleep. Drugs that produces a still deeper 
sleep are known as hypnotics and in many instances the sedative drugs in large doses produce hypnotic effect. Eg: 
Benzodiazipines. 

 

Spinal anesthesia 
: 

The anesthetic drug is administered into the spinal fluid to produce spinal anesthesia. It temporarily paralysis the 
spinal roots in the subarachnoid space it contacts and anesthetizes the tissues innervated by the affected nerve. 

 

Surface anesthesia 
: 

Surface anesthesia is numbness of an area of skin produced by application of a local anesthetic drug. 

 

Surgical anesthesia 
: 

A state of reversible unconsciousness that permits surgical operations to be carried out is called surgical anesthesia 
Usually Sage 3 of Plane II and III is suitable for performing anesthesia. 

 

Sympathin 
: 

Sympathin is the original name given to the neurotransmitter released by the sympathetic post ganglionic nerve 
terminal. Now it is known as nor-adrenaline. 

 

Sympatholytic drugs 
: 

Drugs that block the responses to stimulation of sympathetic nerves are sympatholytics drugs. Eg: Phentolamine, 
Propranolol 

 

Sympathomimetic drugs 
: 

Drugs that mimic actions of adrenaline and nor-adrenaline are known as sympathetic drugs. Eg: Adrenaline 

 

Sympathomimetics 
: 

Amine substances that cause physiological responses similar to those mediated by the endogenous adrenergic 
mediators epinephrine (adrenaline) and nor epinephrine ( nor adrenaline) are known as adrenergic drugs. Eg: 
Amphetamine. 
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Synergistic effects 
: 

Synergistic effect is one in which the combine effect of two chemicals having similar pharmacological properties is 
greater than the sum of each agent given alone ( Greek: Syn-together and ergos: work).Eg: Sulphonamide and 
trimthoprim. 

 

T 

Tacyphylaxis 
: 

A rapid dimnution in response to each of a succession of repeated doses of a drug is tachyphylaxis. The drug protects 
against its own action in some way. Eg: Ephedrine. 

 

Thymoleptic drugs 
: 

Antidepressant drugs that elevate mood form a depressed level, yet have a little stimulant effect when the mood is 
normal are known as thymoleptic drugs. This term is derived from a Greek word meaning support of the emotions. 
Eg: Amitryptyline. 

 

Thymorectic drugs 
: 

Antidepressants drugs belonging to the monoamine oxidase inhibitors class are known as thymerectic dgus. The other 
names for this class of drugs are psychonergizers and euphoriants. Eg: Trancylopramine 

 

Tocolytics 
: 

Drugs that suppress premature labour are known as tocolytic agnts. They act by inhibiting the contraction of the 
uterus. Eg: Salbutamol. 

 

Tolerance 
: 

Tolerance is said to have developed when it becomes necessary to increase the dose of a drug to obtain and effect 
previously obtained with a smaller dose. Tolerance may be natural, acquired or cross tolerance. 

 

V 

Vasoconstrictor 
: 

Vasocnstrictors are gents that reduce the caliber belood vessels, especially arterioles.Eg: Vasopresin, adrenaline 
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Vasodilators 
: 

Vasodilators are agents that increase the caliber of blood vessels, especially arterioles. Eg: Nitroglycerine, 

 

W 

Withdrawal syndrome 
: 

A group of abnormal signs and symptoms that arise when a drug upon which an individual is physically dependant is 
withdrawn. It is also called as abstinence syndrome. 

 

X 

Xenobiotics 
: 

Xenobiotics are chemicals substances foreign to the appropriate biological system. Most of the drugs may be 
described as xenobiotic. 

 

Z 

Zero order kinetics 
: 

A process of drug absorption or elimination follows zero order kinetics when the rate of absorption and elimination 
are not proportional to the amount of drug present in the body. It is also known as rat limited or dose dependant or as 
showing saturation kinetics. 
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