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INTRODUCTICN

It sghouid not be forgotten that our ansesthetic agents
and adjJuvants are ameng the most potent and rapidly acting
drugs used in medicine. The anaesthetics and techniques
have the power to impaire and abelish a variety of essential
bodily functions end sometimes leave the patient open to

the risk of anaegthetic—related complicaticns .

Apnea may be induced by the snsesthetigt for a
controlled period during anaesthesia, but if it is proionged
sgainst his desire , it will perform one of tne most
gerious anaesthetic complications. Froper disgnosis of
the csuse and accurste management of it ere essential for
success in re-esteblighment of spomtareous regpiration cf

the patient .
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HEUROKUSCULAR TRANSMLSSION

Anatomy of the neuromugcular juaction : {(Fig. 1 )

Ade myelinated motor rerve fibre approaches the muscle
Tisres , it divides intc numerous nonmyelinstsed terminal
brancnes. Each of these branches runs parsllel to the axis
of the muscle fibres and is embeded in a shallow gutter
in tne mwuscle surface {Birks et =1., 192C). At the myoneural
Junction , the nerve terminal is covered by the Schwan
cell which forms an anatomical barrier separating the end

plate from the extracellular fluid .

The groove between the nerve terminsl and muscle
Tibre is folded inward to maks indentstione towsrd the

mugcle fibre. It is called the Junciional folds .

fcetylicholinesterase which destroys the transmitier
in the synaptic cleft , is mainly loczlec in the basement
membrane and evenly distributed over the whole subsynaptic

membrane including the depth of the folds {Dreyer ,1982).

The pregynaptic area is cheracierized by speciglized
structures , called "active zoneg ", which are helieved
to be the release sites of acetylcholine-rilled vesicles .
These active zones sre located jusit opposite tne gpenings

of tke junctional folds .

Acetylcholine receptors are sharply loculized to the
crests of the junctional folds , Jjust beneath the active

soneg {(Daniels end Vogel ,1975) . The scetylcholine
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of events that lead +to the contraction of muacle fibres
after nerve gtimulestion : Firet , the recognition of the
neurotransmitter molecules, and second, the formation ef an

open lon channel which regults in amembreane permeability

change .

The ion: channel ig in a shut, non-conducting conforma-—
tion in the resting state. After binding of agonist molecules
to the recognition sites of the receptor, the agonist-receptor
complex changes to an gctive conformation. This is assoclia-

ted with the opening of the ion channel (Fig. 2 ) .

The ion channel controies the flow of small cations
like Ha+, K , and to a legsger extent , catT through the

membrane {IDreyer ,198Z).

Phvaiology of neuromugsculsr ifransmission :

There is a potential difference between the ingide
and the outside of the cell. This electromotive force is
the result of the semi-permeable property of the cell
membrace which permits some ions to traverse the cell
barrier more readily than others. Potausium is the most
permeable ion in the resting state . BSo the magnitude of
the resting membrane potential and therefore the exciﬁa«
bility of nerve and muscle depends upon the ratio of

potausium lons inaide the cell to ihose outside it .

The main extracellular ion is sedium. It is only

one—fifth az permsable as potassium Ir the resting state.
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Thus £t plays a littie role in determinirg the membrane

rotential-

During electrical agctivity the cell membrane becomes
speciflcally permeable to scdium. 4An a result,the cell
membrane potenilal falls. Provided the polarity of the
cell membrane reaches a critical threshcld level an actiicn

potential results. Thig is the procecs of depeolarization.

In order to restore the transmembirane potential after
depolarization the godium ilona that have entered the cell
during the initiasl depolarization must be removed by the
sodium pump and potassium equiiibriwcis reszored (VWylie ard

Churchill-Davidson ,1279).

soetvlcholine Synthesis and Release :

dcetylcholine is formed by acetyliation of cnoline
{actively transported across the nerve terminal membrane)
by acetyl coenzyme A (from mitochondria) with choline-o-
acetyi transferzse as a catalyst. While the ultimate
source of choline is the plasma , up to 50% of choline which
is actively trangported into the nerve terminal ig derived
from the hydrolysis of previously relessed aceiyl cnoline;
mereover , the rate of uptaze 1s increased by nerve stimula-
tion , thus erabling synthesis of aceiylchoeline to keep

pace with the releasc (Hebb ,1572) .

Acetylcholine exisgts in the motor rerve ending in
three forms: storage acetylcholine § rescrive ecetylchclines
and immedistely available acetylchocline. CUnly the
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immeéiatelyvavailable acetyl cnoline can he releaged
immediately by each nerve stimulation while the rest

acts es & depot {(Gray et al.,1980).

The released acetylcholine sctivates end-plate
recertors and is hydrolysed by cholinesterasein the
Junctional cleft. Some of the produced choline ig taken back
inte the nerve ending and re-gynthetisecd to acetylcholine ,

the rest diffusez away .

The Bole CF Caleoium:

An action potential ig the normal scitivater for
release of transmitter but this function belongse to a
calecium flux initiated by the action potertial {Katz and
liledi ,196Y9n). Nelther sodium flux nor depolarization
will produce the release of traznsmitter if caleium is
not pregert. Moreover , the number of quanta relesased
by a stimulated nerve is greatly influenced by the
concentration of ionized calecium in the extraceliular

Tluid.

Calecium isg presumed to enter the nerve via specizal
proteing that form channels through the nerve membrane.
Calcium chennels most Intimetely invoelved in the releaae
of trarasmitter sre locaited along the sctive zones .
These channels are opened by the asctiorn potential |
elther directly or by c¢yclic AMP forned during the

action potentisl (Standsert and Dretchnen ,1981).

Central Library - Ain Shams University



The presence of the ion in the ares of the active
zone seems to initiate a process in which the wvesicle
membrarne fuszes with the cell membrane and thereby
commects tne interior of the vegicle to the esxtraceliuler
gpace of the Junciional cleft. Transmitter leaves the
ogpened veglicle and crosses ithe Jjunctiorsl cleft to react
with conolincreceptors or be desiroved by cholinesterase

or both (Standeert ,1982}.

BEffect OFf Magnesium Can Trangmission Heleuse

Magnesium blocke the transmission, propably by
interfering with the preaynaptic releasge of acetylcholine.
If given in increasing quantities, magnesium finslly
produces complete blockade. Similarly , withdrawal of
calcium produce the szme effect and these itwo ions
sppear to be antagonistic {Wylie and Caurchill Devidsgen,

1979).

Margin Of Safety OFf Neuromugculor Trengrizsion

In normal patient there ig a large margin of
gafety in neuromuscular tranamission. Faton and Weud
{1967) indicated that it was possible for ftne system
to function in response to stimulaticn sven theough
over TO% of the receptors con the pest-synaptic membrane
were blocked by cursre. In other words, over 70% of

the cholinergic recepitors needed to be occupied hefore
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any signs of paresls tocok place. Some skeletal muscles
require & higher percentage of receptor cccupancy ithan
otherg before gilgns of paresis are evident. For example,
it has been suggested that the diaphragm requires 90%
ogccupancy bafore its function starts to fail. It is
important to reselise that a patient may appear to have
completely recovered from the effect of relaxant drugs
end yet have a greatly reduced margin of szfety of
neurcmuscular transmiggion (Wylie and Churchill-Davidsen,
1979).

TYPES OF NZUROMUSCULAR BLOCK :

v e e o o o e . e o P e b et T

Two principal groups of drugs are ussd clinicslly
to produce neuromuscular block the so called depolarizing

ard non depolarizing neuromuscular blocxing agents .

1. Eoncepolerization Block : (Fig. Za)

The moiecules of the blocking agent compete with
acetyicholine for the receptor gites on the pest-junctional
membrane. The activity of the drug depends on its
concentration at the end-plate relative to acetylcholine
concentration. Therefore , any condition that increases
tte relesse of acetylcholine or prevents its destruction
2.2. anticholinesterasse, will increase acetyl choline
concentration relative to the blocking drug revarsing
ite activity. In other words, the degree of neuromuscular

blocte dig directly propoertional to the conceniration
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of the drug ana invergely to the acetylcecholine conce-
ntration. It was suggeasted that a curare-like drug
forms a unior with the receptor and the energy value of
this union depends upon the molecular configuration of

the drug arnd zo will determine its duration of action.

Acetylcholine and other depelarizing drugs can
ectively remove the drug from the recepior ard break the

union between them .

The sszumption that neuromuscuisr blocking agents
acts only on the postsynaptic membrane, hzs been
challenged by Riker and Ckamoto in 1959, The presynaptic
activity of nondepolariszing drugs was congidered for
d=tubocurarine, dimethylcurarine and pancaroniuwm. Thig
presynaptic action affects the dymamics of tracsmitter
mobiligation from reserve stores. Curars and gallamine
undcubtly have gome actilon on tne presynaptic nerve

endings (Hubbard and Wilson ,1973).

Characters Of Nondepolarizing Blockers

{1) They don't cause muscular fagciculation on
intravenous injectlon ner post-cperative muscle

pains.

(2} Their effects zre decreased by antichoclinesterase,
scetylchnoline, depolarizing relazants and on

repested tetanic stimulation .
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{3}Barulysis ia increassed by nondepolsrizing egents ,
ether,halcothane, enflursne and severe hypothermia

{(below 30 C°) (Atkinson et al.,1982).

i1, Depolarization Block

Depclarizing drugs cause lowering of the transmembrane
potential of ihe posteyraptic memdbrarne to a level that
prevent the triggering of = propagated action potentisl
by acetylchdline. Lowering of ithe resting membrane
petential from-90 to -57 rerders it refractory to
stimulation . Katz and Thesleff (1957) found,hnowever,
that the duration of depelarization was very much
ghorter than the duration of insensitivity of the
membrane to acetylcholine. Bven after the poitential
0of thne pogt gynaptic membrane of the muscle had once-
again returned to ita normel wvalue, the muscle remained
unresponsgive to scetyicholine. Tais phase of neuromusc-
ular hlock 1g termed by them , the desensitizing phase

of depolarizing neurcmuscular block (Fig.3b)} .

The presynaptic acticon of depeolarizing drugs was
suggested by Gaiinde {1971), and blemed as a cause for

another type of block c¢alled phasze II block .

Uniike noncepolarizing relaxants, depeclarizing
drugs are not bound to the receptor gite for a long

duration (Feldman and Tyrell ,1970).
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