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Peri rallv Skeletal Muscle Relaxation Uses:
ncohinic receplors qvﬂgoﬂi s)’/ ]; Joc Hers
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So H\z/ dont wakKe He

*Facilitate intubation of the trachea fot)fe ONCONSCoUS

Facilitate mechanical ventilation
*Optimized surgrical working conditions
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History of Skeletal Muscle Relaxants

anfagonisk o f
Hve Ricofinic recephis*Curare is a common name for various plant extract alkaloid arrow
af NN\ junction poisons originating from Central and South America.
*Source: Chondrodendrone fomentosum and Strychnos toxifera
Cubocurarine name because of packing in “hollow bamboo tubes”

it was ued 45 4 poison arfow for hunking by ComSing paralysis of He amima)
k\M)y Hhig paralyhic poison didn'l affect Hee erson who':‘ZI'e it/ “'vyéd""' be abSor bed due
wmd Hals why Hhoe drwds ave given TY - * Foitg Shuchwe



Classification

Skeletal muscle relaxants
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Centrally acting

o |i4WN\ €—-Diazepam and other

. benzodiazepines
(}Veql"s anvehy, « Methocarbamol
MuSCle SP“'Q C/ . Chlorzoxazone
Sefmg s W!/‘S « Tizanidine
' Nl « Baclofen
a s/ etp Mj P ) « Gabapentin
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Peripherally acting
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Drugs acting at Drugs directly acting
NM]J on skeletal muscle
| « Dantrolene

o Ach \ ¢

' s Depolarizing blockers
71~t Dﬂy d(,bldﬂ&l"? &— Succinylcholine

Jﬂﬂ U(&J C ’m'.(a// ¢ Decamethonium
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Non-depolarizing blockers Others
(Competitive blockers) « Botulinum toxin A

e d-TC ke boCurauTnne [,)roiblype)

« Paneuronium

« Doxacurium

 Pipecuronium

o Vecuronium

* Atracuriumy ]Intermediate acting

» Roeurenium

e Mivaeuriom  Short acting

Long acting



Acetylcholine

Acetylcholine is a major neurohumoral transmitter at

autonomic, somatic and central nervous system:
.1All preganglionic sites (Both Parasympathetic and sympathetic(
.2Skeletal Muscles
.3CNS: Cortex Basal ganglia, spinal cord and others

Parasympathetic Stimulation — Acetylcholine (ACh) release at
neuroeffector junction — biological effects/Sympathetic
stimulation — Nonadrenaline (NA) at neuroeffector junctio(ry
biological effects Prequglionic. binding of Ach

StivldeS Hve P w\C’lroniQ
[eleale of NE { Sywlpa Heefic S}:'MLMI)‘OV\)
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Neuromuscular Junction (NMJ(
NMJ




Physiology of Skeletal Muscle Contraction

Motor nerve impulse
Release of acetylcholine

Binds with N,, receptors at NM]J

l

Depolarization and development of end-plate potential (EPP)
at motor end plate (Mainly due to influx of Na*)

Muscle-action potential (MAP) —
Contraction of skeletal muscle

l

ACh is rapidly inactivated by cholinesterase
leading to repolarization

l

Muscle is ready for a fresh nerve impulse

Ao avother Contraction



Peripherally acting Neuromuscular Blockers

Depolarizing Blockers — mimic the action of acetylcholine
(ACh(

—Agonists

—Succinylcholine (SCh) is the only drug used clinically

—ifs subjecked ko fhe ackion of cholinestoveseS So it haS acher b half hife .

‘Non-Depolarizing — interferes with the action of ACh
—Competitive Blockers (Antagonist( it binds Jo nicohinic fecephrs ﬂre\lmhy

—Further divided into short, intermediate and long acting fo ,\ﬁ}‘?‘

non- depolarizing drugs



Depolarizing Block - Succinylcholine (Agnish)
Jss Han Ach qdw;b/

-Succinylcholine have affinity and sub-maximal/ intrinsic
activity at Nm receptor.

|t acts on sodium channels, open them and causes Initial

twitching and fasciculatiorr . #sF mugle conlrachon
So How jt3s gonma blocK }he re(‘epiw?

It does not dissociate rapidly from the receptors resulting in
prolonged depolarisationjand inactivation of Na+ channels.

Kentenbex™ Hee norma! pnyfoIog/ of Ach. ,
4 binds — causes dephbtization=gels degroded - repolarization - m“/n{‘f}'c“fn"ﬁ’fc"}ffn)
W hike Hhic dng deesn'F dissoGiale prwmh'g (ePojar; zafion and Jer\emh'on of

new action polenkial, So When the AMembrane Finglly Tepolavizes, IS ne Jengfor” vegporSive
[ So wefe only Joma e an inikial fsioulabion Hhat will pregress inte Haccid pqmlysrg)




Mechanism of Action: Succinylcholine

.

Nicotinic ACh Receptor




Succinylcholine acts on the Nicotinic receptors of the muscles,
stimulates them and ultimately cause their relaxation.
This process occur in two phases:

‘Phase I: During Phase | (depolarizing phase), they cause muscular

fasciculations while they are depolarizing the muscle fibers. Leonl he pm]o/\ggJ
Jepolars 20 tion

‘Phase Il After sufficient depolarization has occurred, phase Il (desensitized

phase) sets and the muscle is no longer responsive to Ach released by the nerve

endings.

PHASE|

Membrane depolarizes, resulting
in an initial discharge that
produces transient fasciculations

followed by flaccid paralysis. [ PHASE Il

Membrane repolarizes, but
receptor is desensitized
to the effect of acetyicholine.

Yy es
Repolarized




* Succifylddine is Gnhmindicthed for pahients with
-Spmql/ ord m)w & bun vidiim pahent

i - Why 7 becuuse i borh Giges Hhere, wil be vpregulation
Succinylcholine o2’k rephrs et vil st in Jurther prralsis,

byper Kalentia. Cunged by danervahion vaerSmSil"W

Advantages:
QQCV"%gMost commonly used for Tracheal intubation
*Rapid onset (1-2 min(
*Good intubation conditions — relax jaw, separated vocal chords with
immobility, no diaphargmatic movements

*Short duration of action (5-10 minutes( "
Dose 1-1.5mg/kg ([ Jepmd,fy on the ,')ll tients weiy )'\

*Used as continous infusion occasionally [ Since it haS aShort half /nfes
Disadvantages:

«Cardiovascular: unpredictable BP, heart rate and arrhythmias
Fasciculation >Crm be jainfy|

*Muscle pain

*Increased intraocular pressure

*Increased intracranial pressure

*Hyperkelemia: k+ efflux from muscles, life threatening in Cardiac Heart
Failure, patient with diuretics etc



lﬂ*’ﬁY\SfC d(.’r\‘\li a proportionately constant ability
of the agonist to activate the

receptor to produce a maximum
functional response.

Non-Depolarising Drugs

/V’of/' 0/'/'}'0\/' aC Ofeo, C/IV\@V ac|'iwl'€ a4 fECQPh’r oV

r’ T}'?/ o'} channe|

*Competitive Blockers having no intrinsic activity

*These are of 3 types based on their activity:
T Fa thex
—Long Acting . d-TC, Pancuronium, Pipecuronium,
Gallamine (Kidney Excretion( /n genore | Jon ¢ch‘3 J(ys o \)S\a}/ excreleJ
by’ Kidneys)
—/Intermediate . VVecuronium, Rocuronium,
Atracuronium (eliminated by liver(

—Short Acting : Mivacuronium, Ropcacuronium
)inactivated by plasma cholinesterase(
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Effects of Non-depolarizing blockers
Since i}s a Compelilve anlagonism, bmoln:j"iroma’s on CoancC
of doFh Fhe agonisF amal antaginist . S we revexSe the

‘Low Doses:  |«hien o NDB by mcveaSind Cont of Ach by
—Competitive antagonists of ACh
—Action reversed by ACh ecterase inhibitors

-Large Doses:

—lon Channel is blocked, (Ao an=gonistic effect, een if we inoresssd Gnc of Ak
_More weakness of neuromuscalar transmission T et il is bicke >
—Action could not be reversed by ACh esterase inhibitors e

*Other actions:
—Can block pre-junctional Na+ channels and interfere with

mobilization of ACh at nerve endings

' yotrancmi et
olber He PES raPHC receplors Hal controls the relesse of neu
'lire:‘:)\/) n?’lﬂ }’ neurgm}?rﬁ{)// l/' e/ OCd/{?o, on [ l?)‘/lo’v‘ }b f’)'efe VECPpibVS Prevm F far, FHhey rﬁ]ﬂﬂSc)
So hore these dvgs G bnd fo Fhew Pmeﬂhg Fre release of Ac)

7-[){8 ,’)roCeSS IS Cd”QJ Hde of AC\/\



Mechanism of Action

*They have affinity but no intrinsic activity for Nicotinic receptors Eﬁntagonist(
Vil POar = thal’s why iF's adntinisterd TV o Nof apsorbed ovally
*They are quaternary N+jcompounds that contain cationic head that'actonly:on'closed

Na+channels — No action on already opened Na+ channels
*The cationic head binds to the anionic ACh binding site at the a — subunit of the N
receptor but cannot bring conformational change & Na+ channels remians closed

*No End Plate Potential generation in nerve en in'gs
Sowe sl have <CHion perenha

-Muscle Action Potential'decreases—s> i5 atwelitive aniagonisn ';'g:eg};\br\ cw Sk bind o Some

*Action can be overcome by increased ACh concentration or blocking of

acetylcholinesterase

*They also block prejunctional ACh on motor nerve endings



Non-depolarizing Drug:
d-Tubocurarine

1 «stagent to undergo clinical investigation ok e N
purified curare — Chondodendrom tomentosum
*EDg3= 0.5mg/kg £ fFective dose (alnlst Maxivin] eflect)
*undergoes minimal metabolism- is excreted

%10 -in urine; Royle of excvehion after Mefabolisn

%45 -in bile

*excretion impaired in Renal Failure withot} bt bolisn/
9/ Kidneys

' }' ’5 @MV@)’ EJ



CVS Effects:

hypotension frequently even at doses < ED95 . . ]
histamine released (skin flushing frequently( Anﬁ-hﬁhm'"fsw";ff ;‘}’f;‘ ;‘Yfg
Eautonomic ganglionic blockade- manifests as hypotension

by by Fhe \oContyichion effeck of- SulpathenC 95 fen

Clinical Use:
long duration of action(60 to 120 mins) and CVS effects restricted its use
- used as “precurarization”

[ﬁ i used o reduce side effects of Jw@'rylcha/ine



Non-depolarizing Drugs

*Gallamine
—Less potent than curare
—Tachycardia

*D-Tubocurarine

2-1 —hr duration of action

—Histamine releaser (Brochospasm, hypotension(
—Blocks autonomic ganglia (Hypotension(

*Atracurium
—Rapid recovery (. advantage)
—Safe in hepatic & renal impairment (/ becwse it can be degraded very fas \
—Spontaneous inactivation to laudanosine (seizures(
/]frq Quriuwl is mekakolized Jo laudancsine v 7his foXic prodick Can Cross BRR
and o GuuSe SeizuieS if acunmiy Jaked



Mivacurium

—Metabolized by pseudocholinesterase
—Fast onset and short duration

*Pencuronium

—Long duration of action

—Tachycardia

*Vecuronium

—Intermediate duration of action

—Fewer side effects (no histamine release, no
ganglion

blockade, no antimuscarinic action(



Difference between the competitive and

depolarisinng muscle blocker

D tubocurarine Succinylcholine
Blockade type Competitive blockade Depolarising blockade
Type of relaxation Flaccid paralysis Fasciculation followed by
paralysis

Neostigmine addition + antagonism Potentiation

Effect of other Decreased effect Increases effect
neuromuscular blocking

drug

Histamine release ++ release negligible

Serum k+ level No change Hyperkalemia
Pharmocogenetic nil pesudocholinesterase
variation

Cardiac M2 receptor No effect stimulate (bradycardia )



Other Actions of Nm Blockers

*Automic ganglia:
| Partial blockage of ganglia (Nm type of receptor(
1 Results in fall in BP and tachycardia

Histamine release:

1 Hypotension
1 Bronchospasm, excess bronchial and salivary secretion

eCardiovascular: Fall in BP due to

1 Ganglion blockage, histamine release and reduced venous
return
1 Succinylcholine may cause cardiac arrhythmias

*GIT: Paralytic ileus



Pharmacokinetics of Nm blockers .

*Polar quaternary compound - Not absorbed orally, do not on\ b jw j)'
cross cell membranes, Blood Brain Barrier or placental #w)/ afe %u,
barrier, low Volume of distribution — always given

intravenously or rarely intramuscular

*Muscles with high blood flow affect earlier

*Redistribution to non muscular tissues occur and action

may persist longer than half life

*Drugs metabolised in plasma/liver (d-TC and pancuronium(

120-60 —min

*Succinylcholine Succinylmonocholine Succinc

acid + choline (plasma cholinesterase): 3-5 min

*In some — generally determined abnormality and deficient
pseudocholinesterase Paralysis & apnoea



Directly acting relaxants - Dantrolene Ryanodine vecDhrs
-Different from neuromuscular blockersaction on ANTA GONIST

.. @present on Sarc ‘¢ feficulyw mentbranes
neuromuscular transmission & hej ke T Sarcermasmic. fell {'f‘;"'ff,,,whm ep in \ l
jon

«Mechanism of Action: Ryanodine receptors(RyR) calcium ¢enivac

channels — prevents depolarization — no intracellular

release of Ca++ - s

*Absorbed orally, penetrate brain and produces sedation, Jecmg.yaj infracelylay
metabolized in liver, excreted in kidney. T..8-12 hrs . (evels
-Dose: 25-100mg - 4 times daily Glcion e

*Uses: Upper Motor Neuron disorders — paraplegia,
hemiplegia, cerebral palsy and malignant hyperthermia
)drug of choice 2.5-4 mg/kg(

- Adverse effects — Sedation, malaise, light headedness,
muscular weakness, diarrhoea and hepatotoxicity
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Malignant Hyperthermia

Rafe afhions of the '%Vq"“,""’e W}U@ ke %ﬁlﬂ )X anesthetics,

lrsapoe itable dlsorie/ﬁggered by a variety of stimuli, including general anesi

Meents“llave a hereditary impairment of the sarcoplasmic reticulum to seque
can causes sudden and prolonged release of calcium, mt}-asswe

eatment is by coolmg, correctmg acidosis, and dantrolene to reduce (calcium

T \reqh'vlen{' Wwith MaSive C.u\}vud-:ow
Fhis leads ks lachc qc.o’os?n
and moreqSéboc)/ reppevatuve .
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Drawing Adapted from: Karlin A; Nature Reviews Neuroscience 3, 102-114 (February 2002)
Pentameric data from: Millor NS: Assembly and subunit diversity of nicotinic acetylcholine
receptors. Biochem Soc Trans 31:869, 2003.



