[image: ]
· Anesthetic adjuncts 
· Improves relaxation of skeletal muscles during procedures
· Produce effects by action at the neuromuscular junction

Physiology of neuromuscular junction
· NM junction forms interface between the large myelinated motor nerve + muscle 
· Divided into:
1. Prejunctional motor nerve ending – synthesizes and stores Ach in synaptic vesicles
2. Synaptic cleft 
3. Postjunctional membrane of the skeletal muscle fiber
· 2 types of postjunctional receptors (1) junctional and (2) extrajunctional
· Nicotinic receptors (located at pre- and postjunctional membranes) bind and respond to acetylcholine (ACh) or another suitable ligand
· Junctional receptors: responsible for binding with ACh and effecting a muscle contraction
· Located at motor end plate of normal adults
· Responsible for the relaxant effect seen when NMBA administered
· Extrajunctional receptors: 
· Located over the entire muscle cell surface, not restricted to endplates
· Not normally present in the muscles of typical adults. Present in neonates
· Synthesized by muscles that are receiving a less than normal motor nerve stimulation (ex: nerve/spinal cord injury, disuse) 
· MORE sensitive to depolarizing NMBAs (i.e. succinylcholine) 
· LESS sensitive to non-depolarizing NMBAs (i.e. atracurium)

Normal neuromuscular transmission
1. Action potential (AP) arrives at the prejunctional motor nerve ending 
2. Causes depolarization of the nerve terminal that results in release of Ach 
3. The depolarization of the nerve membrane results in activation of adenylate cyclase which converts adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP)  conversion results in Ca++ entry into the nerve terminal and subsequent release of ACh into the synaptic cleft
4. ACh interacts with the postjunctional nicotinic receptor
5. Postjunctional muscle cell is depolarized by binding of Ach
6. Repolarized as the ACh is removed from receptor and is hydrolyzed

· ACh released from the prejunctional nerve cell is short‐lived 
· Rapidly hydrolyzed into choline and acetate via enzyme acetylcholinesterase
· Receptor protein is composed of 5 subunits composed of 2 α, and 1 each of β, γ, and δ subunits
· Arranged into a cylinder having a potential space (ion channel)
· ACh are bound to the binding sites on each of the 2 α subunits  protein rotates into a new configuration and opens the ion channel and permits Na+ and Ca++ to flow IN and K+ to flow OUT of the channel (electrical current flow results in depolarization of postjunctional membrane)
· As ACh leave the receptor (and are hydrolyzed by acetylcholinesterase) ion channel closes, current flow stops and repolarization of the membrane occurs
· Binding of ligands to the receptor is a competitive process 
· Antagonists have a distinct advantage: they need to only bind to ONE of the subunits to prevent normal neuromuscular transmission

Pharmacology
Ligand–receptor interactions
1. Competitive binding: inhibits coupling of nerve AP transmission with muscular contraction. Classic interaction of NMBA.
2. Desensitization: receptors existing in the desensitized state bind ACh to the α subunits but conformational change and channel opening do not occur.
Drugs that may cause or promote desensitization: succinylcholine, thiopental, Ca++ channel blockers, local anesthetics, phenothiazines, cyclohexamines, inhalant anesthetics, some abx.
3. Channel blockade: occurs when the cholinergic receptor binds an agonist to each of the α subunits, the ion channel opens, and a molecule becomes stuck within the channel  This interferes with DEPOLARIZATION. 
Paralysis induced by channel blockade may not be antagonized by administration of an anticholinesterase.


Depolarizing and non-depolarizing drugs
· Both groups acts as competitors of Ach but their activity once bound is different
· Non‐depolarizing drugs (i.e. atracarium): bind to the receptor but do not activate it. Ion channel is not opened in response to their binding. Onset of action characterized by a progressive weakening of muscle contraction and ultimately flaccid paralysis
· Depolarizing drugs (i.e. succinylcholine): bind to the receptor and activate it (similar to the actions of Ach). Undergoes conformational change and results in current flow and depolarization of the postjunctional membrane. Not susceptible to breakdown by acetylcholinesterase  ion channel remains open and repolarization does not occur.
Persistent state of depolarization results in inexcitability of the motor endplate  flaccid paralysis.
Initial depolarization of the motor endplate associated with succinylcholine binding to and activating the postjunctional ACh receptors  leads to the initial, uncoordinated contractions (seen clinically as fasciculations)


Individual neuromuscular blocking drugs
· Quaternary ammonium compounds
· Bind to the cholinergic receptors at the motor endplate as well as to cholinergic receptors located in autonomic ganglia
· Most are positively charged, water‐soluble compounds  Decreased distribution compared with the lipid‐soluble anesthetic drugs
· Usually have limited hepatic metabolism
· [bookmark: _GoBack]Easily excreted by glomerular filtration into the urine,  generally not reabsorbed by the renal tubules
· Many NMBA with the benzylisoquinolone structure are associated with histamine release and a varying degree of resultant hypotension (i.e. d‐Tubocurarine). Newer drugs with benzylisoquinolone structure (atracurium, mivacurium) require large doses to cause appreciable amount of histamine release

Succinylcholine
· Depolarizing (only depolarizing NMBA used clinically in veterinary medicine)
· Rapid onset of effect
· Short duration of action
· Rapidly hydrolyzed in plasma by pseudocholinesterase (plasma cholinesterase) 
· Large doses may be administered because drug is rapidly hydrolyzed
· Pseudocholinesterase synthesized in the liver 
· Production is decreased by liver disease, chronic anemia, malnutrition, burns, pregnancy, cytotoxic drugs, metoclopramide, and cholinesterase inhibitor drugs

Pancuronium
· Non-depolarizing
· Dose dependent onset of ~5 min 
· Duration of action 40 to 60 min in dogs
· Cumulative effect so administration of CRI is not common
· Large fraction of the drug is excreted by the kidney, the remainder is metabolized by the liver
· Has affinity for cholingergic receptors and also appears to block cardiac muscarinic receptors, resulting in an increase in heart rate

Atracurium
· Non‐depolarizing
· Short‐acting
· Dose‐dependent onset of ~5 minutes and dependent duration of action of ~30 min in dogs
· Repeated doses not cumulative  CRI
· 50% degraded by Hofmann elimination (pH and temperature dependent process) and non‐specific ester hydrolysis (remaining fraction degraded by undefined routes)
· When injected IV at physiologic pH and temperature  spontaneously decomposes into laudanosine + quaternary monoacrylate
· Laudanosine is a CNS stimulant and can cause seizures
· Only a concern when drug used for prolonged periods of time (i.e. vent CRI)

Cisatracurium
· 4x potency of atracurium 
· Hofmann elimination is responsible for >50% of dose 

Vecuronium
· Vagolytic properties due to the presence of two positive charges within the steroid molecule  removal of a single methyl group from the parent pancuronium molecule results in vecuronium
· Does not induce tachycardia or promote histamine release
· Dose‐dependent onset of action (~ 5 min and an intermediate 30‐min duration of action)
· 50% metabolized by hepatic microsomes and excreted in the bile and renally eliminated

Rocuronium
· Derivative of vecuronium, 1/8th the potency 
· No cardiovascular adverse effects and does not cause histamine release
· The primary route of elimination  ia the hepatic system 

Pipecuronium 
· Eliminated primarily via the renal route with a smaller fraction undergoing biliary excretion
· Greatly reduced antimuscarinic effects  free of tachycardic effects 
· Long duration of action
· Causes hypotension in dogs

Doxacurium
· Long duration of action
· Does not have vagolytic properties or result in histamine release
· Minimally metabolized and is excreted unchanged into the bile and urine

Mivacurium 
· Rapid‐acting
· Short‐duration
· Marketed for use in human tracheal intubation

Gantacurium 
· Rapid‐acting
· Ultra‐short duration 
· Non‐depolarizing NMBA currently undergoing human clinical trials
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Questions
1. Release of ACh in response to membrane depolarization is _____dependent process
a. Ca++
b. Na+
c. K+
d. Mg++

2. Does administration of an anticholinesterase antagonize paralysis induced by channel blockade? Why or why not?

3. What is the difference between depolarizing and non-depolarizing NMBA and give an example of each.

4. Give one example of how succinylcholine is similar to Ach and one example of how it differs. 



Answers
1. Release of ACh in response to membrane depolarization is _____dependent process
a. Ca++
b. Na+
c. K+
d. Mg++

2. Does administration of an anticholinesterase antagonize paralysis induced by channel blockade? Why or why not?
Channel blockade: occurs when the cholinergic receptor binds an agonist to each of the α subunits, the ion channel opens, and a molecule becomes stuck within the channel  This interferes with DEPOLARIZATION. 
Paralysis induced by channel blockade may not be antagonized by administration of an anticholinesterase.

3. What is the difference between depolarizing and non-depolarizing NMBA and give an example of each.

Non‐depolarizing drugs (i.e. atracarium): bind to the receptor but do not activate it. Ion channel is not opened in response to their binding. Onset of action characterized by a progressive weakening of muscle contraction and ultimately flaccid paralysis
Depolarizing drugs (i.e. succinylcholine): bind to the receptor and activate it (similar to the actions of Ach). Undergoes conformational change and results in current flow and depolarization of the postjunctional membrane. Not susceptible to breakdown by acetylcholinesterase  ion channel remains open and repolarization does not occur.
Persistent state of depolarization results in inexcitability of the motor endplate  flaccid paralysis.

4. Give one example of how succinylcholine is similar to Ach and one example of how it differs. 
Like Ach - bind to the receptor and activate it (similar to the actions of Ach). Undergoes conformational change and results in current flow and depolarization of the postjunctional membrane. 
Unlike Ach - Depolarizing NMBAs are not susceptible to breakdown by acetylcholinesterase, therefore the ion channel remains open and repolarization does not occur.
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Table 14.2 Intravenous doses of selected neuromuscular junction blocking agents
used in the dog, cat, and horse

Drug (mg/kg) Dog aat Horse
Succinyicholine 0304 02 012015
Pancuronium 00701 006-0.1 oz
Atracurium 0102 01025 007015
Vecuronium o1 002501 o1
Pipecuronium 005 0003

Cisatracurium 007503 00503

Mivacurium 001005 008

Gantacurium 006 006

(GW280430A)

Rocuronium 0108 0105 0308
Dosacurium 0.002-0005

Equipotent doses for neuromusaar junction blocking agens reoften reportd at the
D, Clrical paralyss may reqire more or lss drug dapending on the concurent
anestetc agens used, th speed of onset requie, the duration of block desied, and
the area of the bocy where musci reaxaton s needed. Repeated dose are usualy
‘adminstred at approxmately hef of the crginal dose require to cause parayss.




