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1.

CHAPTER I

TR T UCTION

The introduction inte clinical medicine and the
subgequent wide therapeutic use of various extracts and

alkaloids of Rauwolfia serpentina Tenth in the treatment

of high blood preassure and certsin types of mental
disorders, hes recently oroused much interest among pharnae
cologists, clinieisns and orgenic chenists, The root of

Re gerpentina has been uwed for centuries in Indian folk

medicine for the trecatment of a wide variety of
conditions ranging from snake bite and dysentery to
various types of mentel disorder including excitement,
maniacsl behaviour sssociated with psychoses, epilepsy
and anxiety.

The use of this drug in human hypertension has haén
& recent development, Its beneficinl offecte in this
condition were firet reported by Chakraverty and his
oalleagueal in 1951. |

ig is a paratropicsl genus of about 130

species2 3 consisting of shrubs snd small trees,

Reuwolfis serpentine Lenth (fanily Apoeynacese) is a
smell erect shrud about three feet high which is indigenous

to India, ‘urma, lizrlaya, Siam and Java,

of /
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0f the twenty or more alkaloids which have now

been isolated from R. sperpentina, reserpine has been the

most extensively studied from both the pharmacological
and clinical aspects, Two recent articlesz’ﬁ review the

available literature,

Rescinnamine, another clinically important alkaloid

of Rauwolfia serpenting was isolated in 1954 by Klohs

and his colleagues4’s. hig compound has been
characteriged as the 3 ¢ 4 ¢ 5 -~ trimethoxycinnamic aecid
egter of nethyl resewpate, and like reserpine it is

a tertiary indolic base related to yohimbine (Fig. 1, p.3).

Clinical trials of rescinnamine by Samirk and HeQueen®
and Hershberger gﬁ_g&éﬁ? have indicated that there is
epparently no lmportant diiference between the\
hypotensive effects of rescinmamine and those of reserpine.
They also obgerved that mental symptoms ocourring in
patients treated with reserpine such as depression,
diurnal somnclence, lassitude, nocturnal dreaming and
nightmares may often be relieved by changing the patientas
t0 rescinnanine, although the change to rescinnamine does
not influence the contrcl of blood pressure. Ite
adninistration was observed to be accoupanied by much the

same /
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O—C—CH=CH OCH;

OCH;

Figure 1, The structural formula of rescinnamine,
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same qualitative side effects as noted after reserpine,
but the severity of the side effects was 193-7'8.

lemieux and his oolleaguaag, however, observed that orally
sdministered rescinnsmine was clinically less potent

than reserpine in the treatment of hypertension,

In lower snimals rescinnanine hag been reported to
have hypotensive properties sinmilar to, o:x even greater

than those of reserpinelo

and also tc have certain
quantitatively different but otherwise similar effects

on the central nervous system.

- In the perfused, innerveted but otherwise isolated

hindquarters of the rat, in which the vasomotor tone had
been increased by infusion of noradrensline, pitressin

| or ﬁarium chloride, lcQueen and Bleckaanll have shown
- that both reserpine and rescinnamine exert s direect
vasodilator effect, llescinnamine has also been described
by cranheim‘gﬁ_gggg}z as having all of the typical
pharmacologsical properties of reserpine and Alseroxylon
(Kauwiloid -~ Liiker) = a concentrste of the pharmescologically
active and clinieally useiul alkasloids of the root of

Reuwolfia serpentina. then ;iven orally or by

intravenous injection to normotensive dogs, it wms shown

to /



to cause bradyoardia, hypotension ond, at higher dose
levels, sedation. The prolongation of pentobarbitonew
induced sleep in nmice, which hes been suggeated as an
index of the sedative sctivity of Alseroxylonld,

is also observed with rescinnamine. Hescinnamine has
been reported to cruse sn ineresse in the pressor

responge to adrenmliﬁelg

¢ and reversal of the pressor
response to hypoxia in &ogslz. The pregssor responges
due to bilatersl occlusion of the c¢arotid arteries and

electrical stinulation of the centrnl end of the ocut

Se

vagus in dogs have also been reported to be significantly

diminished by rescinnaminel?,

VWhile rescinnamine has been reported to possess
similar therapeuiic pronerties to resernine in the
treatment of hypertension in man, this drug has not so
far been thoroushly investigrited either in men or in
laboratory animals. It was therefore felt that a more
thorough eveluation of this drug was necessary in order

to confirm =nd extend previous worke Very little

inforuation is availasble about the effeets of rescinnamine

on the ent, or on ioolated tissues and orgons, It wes

therefore decided to study the properties of rescinnnnine

on /



on isolated tissues as well as on the blood pressure
of the anaesthetised cat etc.
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A, MATERIALS
Emes—————

Je

Throughout this part of the thesis, the names of

certain drugs have been abbreviated., The list of drugs

used in this part, together with their shortened names,

ié ag followm g~

(1) Acetylcholine chloride is deseribed as
(2) Atropine sulphate " " "
(3) (F)=Tubocurarine |

chloride " " "
(4) («)=idrenaline

hydrochloride " " "
{(5) («=)=iorsdrenaline

bitd??%ﬁte- " " "
(6) Higtamine acid

phosphate " " "
(7) S«Iydroxytryptanine

creatinine sulphate " " "
(8) Sodium pentobarbitone " " "
(9) Chloralose u " »

acetylcholine

‘atropine

tubocurarine
adrenaline
noradrenaline
histanine
S-hydroxy-
tryptamine

pentobarbitone

chlornlose,

The composition and methods of preparation of all

physiological saline solutions used in thisg investigation

are to be found in Appendix I (pages 334 and 3%36).

In Appendix I are detailed alao the methods use® in

preparing /
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preparing solutions of rescinnamine,

The conventional abbreviations for volumes and weights

of the metric syetem are used throughout this thesis,
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CHAPTER II

BE EXPERTVENTAL

l. sxpexriments on the Blood Pregssure of the Ansesthetised

ate

METHOD,

Cats of either sex, weighing between 2,0 and 4.0 kg.
were used. Ansegsthesia was induced by mesns of an
intraperitonezl injection of chloralose. A One per cent
golution of chlorsleose in distilled water wes wmode. VWhen
this solution was used, a dose of 8 ml. per kg. (80 mg.
per kge) wWrs usually sufiicient to produce surgical

anaesthesia in sbout 3% winutese.

In some cots sodium pentobarbitone was used ss the
anaesthetic, 60 mge. per kge injected intraperitoneally

was found to be an adequate anaesthetic dose,

The snanesthetised cat was laid on 1ts back upon sn
operating teble; the legs were secured to the table and
the hesd extenced by pessing a string through the skin at
the apex of the lover jaw. The egkin covering the neck wasg
cut away from the sternum up to the apex of the mandible.
The fasc¢ia covering the traches wag divided =t the midline
and the blunt point of ~n aneurysmvneedle wos passed between
the muscles of the neck and thence around the tvr-chea, A

strong /
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strong linen thresd wss passed around the trachea and a
trangverse incision made in it by means of a scalpel,

The cut edge of the pnrtly severed trachea wes held in a
pair of blunt forcens and o trachesl cannula inserted end
tied into place, This was done as a precautionsry

measure in case it becanie necessary (due to drug-induced
reaspiratory depression or failure) to keep the cat alive
under artificisl respiration. The amount of air entering
and lesving the cannula could be controlled by mesns of

an adjusteble slesve or side tube.

The externzl Jugular vein, ususlly of the left eide,
wag then c-nnulated., To do this the skin of the left
anterolatersl part of the neck w- s reuoved and the left
external Jugulsr vein exposed., The fascia covering the
vein was curefully reaoved, = thresd wes tied around the
cephalad end and a bulldog c¢lip was put on the}vein on the
cardiac agpects A small trasnsverse cut was mende in the
dilated vein by means of a pair of sharp pointed iris
sciesors, A vein cannula, filled with a solution of
heparin, wus then inserted through the incision with the
pointed end toward the heart. The csnnule was connected
by weans of rubber tubing to a 50 ml. burette containing

noraal /
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normnal saline, All the air bubbles had been previously
renovedAfrOm the aysteans The obsurvotion that the saline
in the burette ron freely into the vein indiceoted thet the
connula hed been correctly inserted, Hrving completed
the o nnulation of the trachea znd of the external jusular
vein, an artery cannuls was inserted into one of the
carotid erteries. The artery was first tied off ss near
to the head ags poasibles a bulldog clip wae then plsced
on the artery sbout three cm. below the ligature and a
thread wae pugsed under the vessel nmidway between the
ligature and the bulldog clip. A sumall trznsverse out
was meade in the artery by means of 2 pair of sharp pointed
iris scissors. An artery cannula, filled with a solution
of heparin, w2z then inserted through the ineision with the
pointed end townrds the hesrt, ‘The ecsnnule wag connected
to a nmercury msnometer, and the eprce between the mercury
snd the artery filled with o twenty-five ver cent solution
of sodium thicéulphate as sm anticosgulant, Air having
been displnced from the cannula and the pressure in the
manometeé set at about 120 mm. of mercury, the artery clip
was rembved. A writing flag on one arm of the mercury

manoneter recorded the blood pressure on a snoked surfeace,

Drug /
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Drug solutions were injected intc the rubber
connection between the vein camnnule and the burette. Each
injection was followed by the infusion of 4 ml, of saline
from the buretie, The bloocd pressure wes usuelly
recorded fron the cannulated comnon cerotld artery, but
when a reflex pressor response was elicited by means of
bilateral occlusion of the common csrotid arteries, the
blood pressure level was recorded from one of the cennulated

femoral arteries.

The effects of rescinnaxnline on verious pressor
reflexes wexre studled by comparing the nature and magnitude
of the reflex responses observed before and sfter the
injection of rescimnnsmines At least three uniform reflex
responses were obtained before injection of rescinnemine,
Pressor responses were obiained following the elieitetion

of the following reflexest~

(1) The Carotid Sinus Pressor Reflex. Bilatersl

occluslon of the common carotid srteries for a period of
twenty to thirty secondss this reflex was elicited either
by the placing of bulldog clips on to the arteries or by

pulling upon thresds looped loosely around them,

(2) Ocelusion of the Abdominal Aorta. The abdominal

cavity was opened by a midline incision, The rectus
nuscles /



muscles and the frscize were retracted, the viscera
pushed to the rizht ond the sbdominel aorta carefully
dissected free from the fsscia at 2 point a little below
the diaphregme A thread was then passed loosely around
the aorta by wmeans of sn aneurysm needle at a point just
above the origin of the coeliac srtery, The abdominal
aorta was occluded fur ten seconds by pullinzg upon the

thread,

(3) stimulation of the Cut Centrel End of the Cervieal

Vapgua, The right vago-syapathetic trunk was earefully
dissected free from its fsecia and sepsrated from adjacent
structures, The vagus wea then freed from the cervical
synpathetic trunk with which it runs, The veagus was
divided by mesns of gcissors at as low a point in the neck
as possible. The centrsl end of the cut vagus was placed
upon & pair of platinum electrodes which were connected

to the output of s stimulator, The nerve was gstimulated
by means of square wave impulses at a frequency of 800 to
1,000 per minute, at 8 to 12 volts and with a pulse width
of 0.5 to 1.0 msec. Stimulation was continued for

periods of fifteen to twenty seconds.

(4) Stimulation of the Greater Splanchnic Nerve. This

nerve joins the ccelisc grnglion which is situated a litile

halow /



below the coeliac artery neesr to its origin from the anrta,
and distributes fibres to the renal and suprarenal
plexuses and t¢ the other abdoainrl nerve plexuses. ‘The
coeliag ganglion was carefully dissected free and the
greater splanchniec nerve traced upwards and clesred from
fascia,. The nerve was divided close to the ganglion snd
the cut centrasl end was placed upon a aeir of platinum
elegtrodes which were held in position by means of a clemp,
and the ebdomen closed, The nerve weo stimulated with
fifteen seconds burste of impulses Ly we ns of a Dobbie
HoInnes square wave stimulator, at = frsquency‘of 800 to
1200 per minute, at 10 volts and with 2 pulse width of

1.0 to 1.5 masec,

(5) Hypoxia. fWhe cat was allowed to inhnle » mixture
of 9% per cent nitrogen and 5 ner cent carbon dioxide from

a Douglas bag for one and half ninute periods,

In & nusber of ansesthetieed crnts (pentobarbitone or
chlorslose), the blood pressure level was raimed by the
continuous infusion of solutions of adrennline or nor-
edrenaline, and resecinnemine was injected when the elevated
blood pressure level had become steedy. %The concentrntion
of the adrensline or yorsirensline gsolutiors which weré

infused /



17.

lniused was 010 mge per al, and the rete of infusion wes

1+0 mle por minute from & raluer's slow infusion apparatus.

2, Experiments on the Plood Pressure of Tninel Cats,

AETEOD o

Cate within the weilzht roange of 2.0 10 3.0 kge were
given atropine {1.0 mg, per ku.) by intrsperitonenl
injection, sbout 15 minutes before induction of mnaesthesia
by ether. The counmon carotid arteries were dissected
free from the acctpanying vagssympatnatic trunks and tied,
Thevtr&dhem wag next freed from sdjoining tissues snd
cannulated, “he trachesl crnnuls was connected by mesns
of rubber tubing to £ botile conteiniag eilors The
ether bottle could be joined rapidly and eecily by neens of
rubbervﬁubing to an artificial respivetion »umpe  The cot
was then fturned over, and the oplual cord exposed in the
vicinity of the long spine of the second cervicel vertebra,
ihe wony covering of the spinzl cord and finally the cord
iteelf were cut by sesns of bonme forcepse As soon as the
cord was trangected, artificinrl reepiraztion was commenced,
Pleeding was srrested by means of cotton wnol swabs soaked
in hot norusl saline, A probe weg inserted throurh the
foraven uagnunm, push@d ap into the brain o1ud the brain
destroyeds The cutl end of the asploal csnsl vz plugged
with / |



with plasticine snd the nrez swnabbed cleasr, The skin
over the beck of the neck wmss cleoged with the aid of
pursicsl clips, =nd the -~niurl sgein turned on to its
backe One of the carotid arteries wes connuleted and
connected to a conventionsl preSsgr@ recording system
£illed with & 25 per cent sodium thiosulphete eolutiom,

A mercury monometer crrrying a writing flag on one arm wes
incorporated into this system snd arrsnzed so es to record
the bleod pressure on a gnoked surfsce. The externel
Jugular vein wes cennulated and connected by rudbber tubing
to 2 burette filled with normal ssline. Drug solutions
were injeeted into the rubbor connection between the vein
ernnule and the burette, TFach injeotion wse followed by

the infusion of 4 2le. of saline fron the burette.

In all exverisents, the preperation wes left to
gettle for ot lesst one hour before sny experiment was
caryied out, Ho drug wae civen unless the blood pressure
iavel hed remanined consiant for Ifrom 1% to 30 minutes,

3¢ Experiments on Isoluted, Perfused i:bbit rnd Kitten
Hearto.

The isolried heonrts of both rabbits and kittens were
perfuged scoording to the method of ﬁangendorffl. Thise
involves perfusion of the coronary vessels throuzh the

aorta, /
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aortae Wegriaz, in his review on the pharmecology of
the coronary circulation, quotes several published
eriticisans of this nethod. It is pointed out that the
recorded outflow will give a true picture of the state of
tonus of the coronery vessels only if the aortie valves
are competent. This is not slways so, In the event of
aortic incoampetence, some perfusion fluid will leak pasgt
the valves into the left ventriecle snd so into the left
atrium, snd thence to the exterior. The increased
outflow moy therefore exceed the true coronary outflow by
the amount of fluid which has pracsed into the left ventriocle,
The volume of fluid dreining into the right atrium via
the ventricle is not constsnt snd, in eoddition, cannot be
meagured sntisfactorily. Tt is »lgo pointed out that the
volume of coronary nerfusale nsy be increcsed by a purely
mechanical nussaging effect which cardiac nmuscle =
stimilated by a cardiotonic drug - has upon the eoromrry
vessels. Under these circuastances, sn increese in
outflow mizght be taken to indicate a coronary dilatation
vhich in feot woe not prewent, For these resrsons it wes
decided thut the fluid draining from the heart should be
described simply ss the "cardiac ocutflow”, In spite of
the objections raised to the use of this method, it wes
felt /
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felt thet the Langendorff preparztion would still give

gome ugeful inforamation sbout the effects of drugs on
cardiac function in vitro, By cérefully cbscrving the
heart rate, the anplitude of the contractiocns, =nd st the
game time neasuring the outflow, an estimnte of alterations
of cardiac function =8 well as of the tonus of the coronary

veasels can be obtained,

AZTHOD o

Robbite end kittens used were within the weight
ranges of 1.0 to 2,0 kge #nd 0.6 t0 1.0 kg reépectively.
The snimal wee killed by 2 blow on the hesd, The throat
wog cut snd the blood =llowed to drsin out. 'The animel
wee then pleced upon its book on a dlssecting board snd the
thoracic cavity expozed, care Leing taken not to domage
the heart witn scissors or other lnstruments, The lungs
were removed and a thresd wes tied loosely sround the
aortic arch sroximel to the origzin of the innominste artery,.
%ho venae cavae snd acrts were then gevered and after
removing the perienrdiun, the heart wng 1ifted out of the
thorax and nlaced in & dish of warm Locke's solution
(AppendixI pe336) et & temperature of rbout 37°C, snd
conteining & little heprrin to prevent the blood inside the

heart from clottings A stream of Locke's solution was
allowed /
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allowed to run through the superior vene cave froma
pipette, a2nd the heart was squeeged gently. After weshing,
a cannuls wzs tied into the sorta taking ceore that its tip
was digstal to the coronary ostia. The preparastion wes
then set up by conuecting the cannula to the perfusion
apparatus, Perfusion of oxygenated Locke's solution,
contzining double the norael concentrotion of glucose, was
atarted at & constant rote of flow snd at a pressure of

35 mm, of mercury, care being taken that no air bubbles
eﬁtered the sorta. Any blood remaining in the preparation
was ropidly washed awsy, »nd as a rule the hesrt started to
beat immediately. After sbout thirty ninutes, when the
best had become regular, = supporting threrd was tied by
meons of & fine needle throuzgh the tip of the left
ventricle, L bent entomologicrl pin wes inserted into

the well of the right ventricle and connected to a Starling's
heart lever which recorded the,cpntraetions of the heart on
the surface of & smoked drum, Doubling the normal
concentration of glucogse in the perfusion fluld gave a more
active preparation, snd one which was fetigued less easily.
The Locke's solution from the two reservoirs used flowed
through heating coils in a water beoth naintained
thermostatically at 37°C, The two coils were connected
by /



by & glass Y-piece which was joined to the sortic csnnuls
by a short length of rubber tubing. The temperature
drop betiween the thermostiatically controlied water bath and

the cannula was never more than U.2°9C,

Rescinnamine was dissolved in Locke's solution in
one of the reservoirs to give the concentrstion of 1.0 pge
per ml, Alternatively a messured volume of the control
solution was nixed with Tocke's solution in the bottle,
The other bottle contrined lLocke's sdlution. Solutions
of other druge in Locke's solution were injected by mesns
of a one ml. tubgrculin syringe into the rubber tubing
attached to the amortic csnnula, In some experiments, a
golution of rescinnsnine wes ﬁlﬁb injected in this way.
The heart rate wes counted by inspection of the traeing or
by direct observation, and the cutflow messured nt five
minute intervals by collecting the verfusate for a period
of one minute, In some experiments the outflow was

measured by menns of a Gaddum outflow recorder,

4. sxperimenis on the Isolated Auricles of the Guinea
Pig,

These experiments were carried out in order to etudy

the action of rescinncuine on isolnted cardise -uscle,

% THOD. [/
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Adult guinea piges of either sex were killed by 2 blow
on the head, The throats were cut ahd the blocd allowed
Yo drain outs, The hearts were remnoved as rapidly as
poseible snd immersed in well-oxygenated Locke's golution.
Using a pair of fine sclesors, the ventricles were carefully
renoved and the auricles placed uvpon 2 cork mat end
moistered frequently with Locke's solutione. All extraneocus
tiesue was dissected away until the horseshoes shaped
auricles slone remained. These were then suspended in
a 50 ml, organ bath by m2ane of two bent entomologicel
ping to which fine cotton threads were tied. One thread
was connected to the oxygen delivery tube at the base of
the bath, the other to a Starling's heart lever set up so
as t0 record the contractions of the auricles upon a smoked
surface. After about twenty te thirty minutes, the deat
of the auricles had ususlly become regular and the
experiment was com enced, All drugs were added to the
bath a8 solutione in Locke's solution, and by means of a
one mli, tuberculin syringe. Rescinnamine was added in the
form of a solution as described in Appendix I, page 334,
The effect of each drug wae observed for a period of sixty
seconde, after which the fluid in the bvath wes repleced,
Sufficient /
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Sufficient tine was sllowed for the auricles to regein a
normal regular rhythm and amplitude of bhest before the next
addition of drug.

5 Experiments using Strinvs of Horse Artery.

HAETHOD o

Lengths of c¢arotid artery were removed at the
slaughter house from freshly killed horses. A portion of
the artery was freed from fascia and a strip sbout four
ctle in length end two mau. wide wes made by cutting the
artery into a spirsl by mesns of » pair of iris soissors,
Threads were tied to both ends of the seguent and the strip
of artery set up in a forty ml, orgen bath contsining
oxygenated lyrode's solution (Anpendix I, page 336)
at 37t 0.5°C, The thre-d =t one end of the artery strip
wag fixed to the lower end of n lags tube supplying
oxygen to the bathsg the thread st the other end wss attach-
ed to a modified frontel point writing lever giving a
megnificstion of sbout 1 in 10, The strip wes stretched
for sbout fifteen minutes by means of 2 ten gramme weight.
Before the experiment was sterted the additional weight wes
removed and the lever reazd justed. Controctions of the
strips of artery were induced by addition to the bath of

adrensline, /
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sdrenaline (1.0 to 2,0 pge per al,), noradrenaline (110 to
2.0 pge. per nl,), 5 - hydroxytryptamine (0.10 to 0,50 ug. per
ml.), acetylcholine (0,02 to 0.1 pg. per ml.) or histamine
(1.0 to 240 pie por mle)e  These were ndded to the bath as
golutions in Tyrcde's solution by azeans ¢of a tuberculin

syringe. Twe typea of experiments were performed.

(1) Contractions of the srtery strip wers elicited by
the addition to the bath of the stiqulant drug. While
the artery strip was still in a stage of contraction,
rescinnanine (2.0 to 40,0 puze per al.) was ndded to the
bath, In moet cases the artery strip relaxed following
addition of rescimnmanine to the bath, Comparisons were

made by repesnting the experiusent using a control solution.

(2) Stimulent druss (in the dose renge mentioned gbove)
were added to the bath and the effects obeerved for eight
minutes, DPeiore sdding rescinnamine, st least two uniform
submaximel contrsetions were obtnined to the same dose of
the stimulant drugs added to the bath at fifteen to twenty
minute intervals,., FHescinnsmine (1.0 to 10.0 pge,per ml,)
was added to the bath ten minutes before the next addition
of the stimulsnt drug nn d allowed to remein in contact
with the tissue for eighteen minutes. The experinents

were repeated using the control solution.

6. /
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6o Bxperizents on the igolsted ’erfused Ret Hindquarters,

WL UH0D

In theuse experinents the urussure =t which the
physlologicexl fluid pasced through the blood vessels wes
kept congtent, snd the alterztions in the rete of outflow
of the perfusiocn fluid which were procuceé by the drug
wore recorded by mesns cf veddun's drop recorders  The
veggels were serfused with oxygensted Locke's solution at

rooa teupercture,

Rates oi either cex, weighiﬂg'between 200 and 300 g,.,
were killed by 2 blow on the hesd, The throats were cut
and the blood allowed to drain out. 'The shdominal cavity
wag opened by mresng of & longltudinel incision extending
from the sternuan to the snua. The rectun, the
- ogsophagus end the inferior snd superior aeaenteric
- arteries were divided between ligatures, The abdominal
viecera wers then renoved. This brought into view the
abdoninal sorta‘which wag ormalated, The body wall and
vertebrzl column were transected sbove the noint of
cannulation ond the crnnula attaeheﬁ to the perfusion
system by merns of fine rubbexr tubinge The perfused hinde

auarters were set up in the epparstus phown in Fige 2, pe 27

Two /
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Reservoirs containing
oxygenated Lockes
solutio,

- .

Level of
solutionn ¥

c. |

B-- -Injection Cannula

l To Gaddum’s
Drop Recorder

Eigure 2.

Iiegram of the spparsetus used for perfusion

of ths isolated rat'e hindquavters.
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Two reservolrs are included in this apperatus..
These are joined by means of a glass three-way stopsock.
The rate of flow of fluid from the bubble trap to the
injection cannula is controlled by the tap A in Pig. 2,
P27, end con be adjusted to s suiteble rate value at the
beginning of each experiment. “The injection cannula,
(the design of which wes based upon that suggested by
Gaddum and Zwiatkowski®) (Fig. 2,B), allowed the drug
golutione to be injected at a constant rate., This waas
schieved by injecting the sclution with a tuberculin
syringe, fitted with a fine needle, through the rubber cap
at a rate such that the level of fluid in the cannula
(Fige 2,C) was unaltered during the process. The
hindquarters preparation was placed on a muslin rest lying
in a filter funnel, The outflow was led yia the filter

funnel to the contacts of s Caddum drop recording assembly’.

After setting up the preparation, a uniform outflow
record was obtsined for at least 15 aminutes before drugs
were injected. Rescincamine wss dissolved in the Loéke'a
golution in one of the reservoirs to give the desired
concentration (0.10 to 10 pge per mls)e ilternatively,

a messured volume of the control solution was mixed with

the Locke's golution, In a few experiments, the sclution

of /
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of rescinnamine waes injected into the cannula by mgﬁna of

g tuberculin syringe.

T« Experinents carried out Using the Isolated Gulnea

Pig lieum.
ABTHOD

Guines »igs of either mex, weighing between 0.3 and
Cs5 kge,were killed by a blow on the hesd 2nd the throats
cut in order to drain out the blood. The abdominal
cavity was openaﬁ aﬁd a plece of lleum about 3 em, long
wng reunoved from the region about 3 cme proximal to the
ileocaecel junction. It wea then freed from extrsneous
tissue and the contents washed out by means of a gtreesn
of T&raﬂe‘s solution (AppendixI , p.336)s ‘‘hrezds were
tied t0 both ends of the segnent which was then set up in
a 2 ml. orgen bath (Fig.3, p.30) containing oxygenated
Tyrode's solution. One threod was atitsched to a modified
frontal point writing lever, snd the other to a hook fixed
into the base of the bath. The fluid in the bath was
oxygenated by passing oxygen through a hypodermic needle
fixed into the base of the bathe The temperature wes
msintained thermostaticelly at 30% 0.5%, Solutions
containing the stimulant drugs were added »nd wsshed out
automaticslly using the overflow principle, The inlet
tube /
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31.

tube at the lower end of the bath wes connected via'
heating coils to two reservoirs, one of which contained
the Tyrode's soclution, the other a sclution of the

. stimulant drug in the same fluid. “The dose of the
stimulant drug to be used was determined st the stert of
eanch experiment by esdding it to the bath by hand, The
stimulant drug was then dissolved in Tyrode's solution

to give the dilution required, snd the automatic

apparstus switched on., ‘the el.ctrieal controlling equip-
nent (Appendix II, p.337) replaced the saiine colution in
the bath by 2 solution containing the stimulant drug, aé
three nminute intervals. Since the< sclution ccntaininé the
stigulant drug flowed into the bath for five seconds,
there wss complete replacement of the solution in the bath,.
Reproducible submaximal contrretions were obtasined to
acetylcholine or histemine added at three minute intervels
and left in contact with the tissue for thirty seconds,

At the end of this period the acetylcholine or histsuine
solution was washed out by the sutomatic inflow for s
period of five =zeconds of pure Tyrode's solution. The
rescinnamine solution was adced to the bath by hand one
ninute before the next inflow of acetylcholine or
histamine. This pecint in the cycle was indlec:-ted by a
signal /
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signel light placed in the circuit (Appendix IX, p.337).
The contractions were allowed to return to a constent level

before the next addition of reaéinnamine.

8. Experiuvents Corried Nut Using the Isoloted
Rabbit Duodenum,.

HETHOD o

Eabbites of either sex, weighing between 1.5 and
2.5 kg. were killed by o blow on the head., ‘“The throat was
cut and the blood s2llowed to drain out., ‘'The abdominnl
cavity was opened and a piece of duodenum about 4 em. long
removed. this was freed from fatty snd ofther tissues,
Threcds were tied to both ends of the segment, and the
piece of duodenum wes get up in o 40 al. organ bath
containing oxygenated Locke's solution at 37X 0.,5%C. The
thread at one end of the duodenum wes fixed to .the lower
end of a gloss tube sup,lying oxyzen to the bath, and the
thread at the other end was attached to & modified
frontal point writing lever giving s megnification of 1 in
8. Adrensline (0.05 to U410 pge ver ml.) and acetyl=
choline (0,004 to 0.04 pse per mle) in solution in Locke's
solution were added to the bath by means of a one ml,
tuberculin syringe, snd the effect wns observed for two
minutes. At the end of this period the fluid in the bath
was replaced severcl times by rumning in fresh Tocke's

solution /
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sclutione ‘The next addition of cdrenaline or mcetyle
choline wag not nade until the tissue regained ita
orizinel lenstha e golution of rescinnanine

(1e0 10 440 pge per ml.) and ﬁhe same volure of the
control solution wore éﬁde& to the bath two minﬁtes before
the addition of adrenaline or acetylcholine, and the

effects obmarved,

9. Experiments "sing the Isclated Frogz Rectus
Avdoninis “usecle.

METHOD o

The procedurs used for preparing the muscle to
- record the effects of drugs was essentially eimilar to
that degeribed by ﬁurn4. An adult frog wse stunned by
meens of a blow on the head, decapitated and pitheds The
frog was laid on its hack upon & cork covered dissecting
board to which it wes pinneds The rectus miscle was
exposed by cutting awey the skin of the abdomen, and then
it was dissected from its inscrtion into the pelvic girdle
t0 ites insertion into the ca2rtilage of the pecotorsl girdle,
The rectus . wuscle wng Ireed from the underlying conrective
tissues, removed from the frog and then suspended in an
organ bath of 20 ml. capacity by means of two threads tied
to elthey end ot the nuscle, A loop wep msde in the

thread /
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thresd at one end in oxder to fix the nuscle to the bent
wire in the base of the bath, and a long thread left

at the other end. The long thrend wea tied to s

modified frontsl point writing lever which sove a megnifice
ation of 8 to 10 timess. The bath (Fige4, pe35)

egontained 20 ml. of oxygenated frog Ringer's solution
(Appendix I, p.336) nt room temperature. Acetylcholine
wes dissolved in frog Ringer's solution to give the
cancentration required end added to the bath by means of

& one nl, grrdunted tubergulin syringee The concentration:
of acetylcholine used to produce contrmetiorns of the nuscle

was from 0.0 to G20 pze por ml.

seluticus of reselnusmine (5.0 t0 50 pge per mle)a
or the control aolution (Appendix I,p.3%4' ,were added to
the bath in the sinilar way. niforn subaaximal
contractione to the ssue dose of acetyleholine were obiained
before the effects of rescinnamine were studled., The tine
interval between each dose of acetylocholine was six minutes;
the resulting contraetic s were recorded for ninety
secondses he bath woag washed out with fresh frog Vincer's
solution between ench dose of acetylcholine, degcinnanine
in the dogse rance of froa 5 to 50 ure por al., or the

control /
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control solution, were added one minute before the next
addition of aceiylcholines, . Before the next addition of
rescimnonine, sufficient tine was allowed for the miscle

to regein 1ta original length,

In soae experimeéta the effects of tubécurarina and
atroplne upon réscinnamineninducad contractions of the
rectug muscle ﬁer& gtudied. Tuboaurariﬁe (5.0 to 10 pge.
per ml,) and atropine (1,0 to 10 pg. per =l.) were added
to the bath either one slnute before the addition of
rescinnanine or during the actual rescinnamina contraction.
The spparstus used for these experiusents is shown in

Figed, Pe35.

10, Experiments on the Fictitating Yembrane of the |
Anaesthetised Cat.

In these experiments eats of either sex, ﬁeighing
between 2.0 and 3.0 k., were used., The cat woe
annesthetised by means of an intraperitoneal injeetion of
sodium pentobarbitone (see p. 11), and treacheal end vein
cannulae incerted as described on papges 11 and 12,

The head wrg rigidly fixed by passing a brass rod between
the jaws snd then tying the jewe firaly tecether with

string /
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strings The ends of the rod were then gripped firmly
in elenps, snd these were supported on uprights fixed to
the side of the operating tazbles By resns of a fine
needle, a silk thread wss passed throush the mid-point of
the margin of the nletitating membrene of the right eye,
and wes tied firmly into place, The thread was then
pulled forward and to one side, thue making =»n angle of'
about 30° to the long axis of the cat It wes then led
around pulleys and attached to a frontal point writing
lever, The contrasotions of the nictitating membrane

were regorded on a suoked surface,

The right cervieal sympathetic chain was now
dissected oul snd a fine colton thread tied tightly around
it aﬁ as low a point as possible in the necke. The chain
was severed sbove the ligature nnd low in the neck, The
cut preganglionic cervieal sympathetic chain was then
placed upon a palyr of platinum electrodes and kept moist
with normel saline. Contrsctions of the nictitating
membrane were elicited by stimulation of the cerviecsl
syupathetic by mecns of square ismpulses at a freguency of
80C to 1,200 per minute, 8 to 15 volis, ithe pulse width
being 0.5 to 1.0 asec, In =ny one experinent frequency

of stimulation, voliase and pulse widith were constant,
The /



The nerve was stimulated,at 3 minute intervals,for 15
geconds. Having obtained standard reproducible
reaponses of the nictitating membrane by stimulating the
nerve trunk, a solution of rescinnamine (0.50 to 2,0 mg,
per kg.) was injected into the external jugulaer vein one
minute before the next period of stimulation,

334



HEPERBNCES .

1., Langamit;rff, Osy (1895))

2, Wegria, R., (1951),

b 7 G&ﬁdum‘ Je H'.y and
" Kwistkowski, I., (1938),

4, Burn, J. ﬁ., (&952),

- 39

Arche gt Phyaiel;.‘,é;,zgﬁ.

Phormacols Reve, 3, 197,

e Pharmacol., 94, 87.

Practical Pharmacology,
Blackwell Scientific
Oxford, page 2.




40,
CHAPTER IIE
Rius Yy LTS

l. Blood Pressure 0f the Annegthetised Cat,

heseinnsnine in doses of 0,50 to 2,0 mge per kge
produced a sherp fall in blood pressure, the level of
which usually returned to its original value (in some
cases reaching s higher level) within five to ten
minutes (Fig. 5, ps41l )s After the initial fall no
pignificant change in the blood pressure level was
observed for from one to two hours. Three to four hours
after the intravenocus injection of reseinnanine, a
siznificant drop in the blood pressure level (50 to 80
unte Hge) was obsorved, This letency of action on the
blood pressure iz siwnller to thst observed by Cronheim
gﬁvg;gg; in urethane-snnesthetised dogs following the
administration of rescinnamine. The econtrol solution hed
no observable sction on the blood pressure level, In
annesthetised cats which hed to stert with a low bdlood
preseure level (100 mm, Hge Or less), there was no
gignificant f2ll in blood pressure even after four or five
hours. Along with the lowering of blood ovressure, a
significent reduction in the hesrt rate was 21so noticed.

Some of the control ceats, however, showed hypotension snd

bradycardia /
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10 190
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Figure 5. Cat. Pentobarbitone anaesthesia.
Blood pressure record from the common carotid

artery. Drugs administered intravenously.

At Rri rescinnamine 0.50 mg. per kg

At o, « 0.10 mg. per kg

At »
®3 0.10 mg. per kg
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bradycardis but to a lesser extent.

Reseinnamine in the dose ronge of 0.5 to 1.0 mga
per kgze caused either no reduction or a2 slizht reduction
in the response 0 both a&renaliﬁe, Gs5 to 2 nge ver kg,
and norsdrensline, 0.5 t0 2 pg. per kg, (Fige 6, Pe43
and also Fige 10, Pe48 e Resecinmamine did not modify
the characteristic depressor effects of acetyleholine
(Q.50 to l.Gvug. per kg;) or histaunine (0,50 to 1.0 uge
per kg.) on the blood pressure of the anaesthetisced cat,
(Pige 6, Ped3 )e

The presaor response to bilaternl occluaion of the
carotld arteries was gignificently reduced following
0450 to 1.0 mgs. per kz. of rescinnamine but wams not
abolished (FigeT, De 44 )o The maximun reduction wae
cbserved ebout thirty minutes after the injection of

rescinnanine.

Following the injection of 0,50 mge. per kge
resoinnemine, pressor responses due to occlusion of the
ebdominal aorta or giimuletion of the centrsl end of the
greater splanchnic nerve were reduced by about sixty per
cent at the end of about one hourl(Fig. 8, Ped5 )e

Some /
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Figure 6. Cat, chloralose anaesthesia. Blood
pressure record from the common carotid artery*

Drugs administered intravenously*

At Ad, adrenaline 1.0 pg9. per leg.
At i\, noradrenaline 1.0 pg* per kg.
At Ac, acetylcholine 1.0 \sgmper kg.
At Hm, histamine 1.0 pg. per kg*

At Res, reocinnamine 1.0 mg. per kg.



Figure 7. Cat, chloralose anaesthesia. Blood
pressure record taken from the femoral artery.

Drugs administered intravenouslye

At Co, bilateral carotid occlusion for 30 seconds.

At K, rcscinnamine 0.75 mg. per Kkg.
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Figure 8» Get* Pentobarbitone anaesthesia. Blood
pressure record taken from the common carotid artery.
JDrugs administered intravenously.

At Sp, stimulation of the cub central end of the
greater splanchnic nerve at 10 volts, 1,000

impulses per minute, pulse width 1.0 msec, for

15 seconds.

At Ab, compression of abdominal aorta for 10 seconds.
At R, rescinnaain®© 1.0 mg. per kg.

Part b is in continuation of a, and part c is in

continuation of b.
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Some reduction in the magnitude of these two reflex
responses was observed within ten ninutes after reseinnamine

gdainistration,.

Pollowing 0.75 to 1.0 ng. per kge of rescinnsmine,
the magnitude 6f the pressor response caused by electrical
stirmulation of the centrzl end of the right vague was
reduced within ten minutes, and abolished at the end of
shout thirty minutes, In sowe cots there was an actual
reversel of this reflex response followilrg rescinnamine

(Fige 9, Do 47)e

Following 0.50 mzge per k-. rescinnemine, the pressor
response elicited in the eat by hypoxis wss found to be
complctely blocked within about fifteen ninutes. Prior to
the aduinistration of resciinasmine, hypoxie osused only a
pressor response but after resciin-aine had been given the
presacr regponse was changed into s conplex depressor-

. pressor ~iepreesor responee (iige 10, pe. 48)e The control
polution had no observeble effects upon any of these

reflexes,

One mge per kge. of rescinnamine csused o slight
reduction in the level of the blood pressure which had been
artificially raised by continuous infusion of sdrencline
or /
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Figure 10# Cat* Chloralose anaesthesia* lood
pressure record from the common carotid artery*

Dru, s administ©red intravenously*

At Ta# noradrenaline  2*0 |idfper kg# + 4 ml. saline
At Attf adrenaline 2*0 p,g*per kg* + 4 ml* saline

At H# initalation of mixtures of 95§ nitrogen and
3$ CQg for 1-J minutes*

At E Eescinnaraine0*50 mg# per kg* + 4 ml* saline
At Eg# Eeocinnamin®© 1*0 mg* per kg* + 4 ml* saline

Part b is coatinuation of part a#



or noradrenaline. In bigger doses (2,0 t0 4.0 mg. per
kge), rescinnamine lowered both adrensline and nore
adrenaline hypertension %o norsal levels within a few
min.tes (Fige.ll and 12, pages 50 and 51 ) The blood
pressure ususlly remeined nt ﬁha nmrmﬁtensive level
elthough the infusion of adrenrline or gporadrenaline was
continueds Anaesthetised (pentobarbitone or chlernlose)
end spinel cate behaved in the same way, The gontrol

golution csused no significant effect,

29 Blood Pressure of the Spinal Cat,

In spin~l cets, he blomd‘presaur@ of which was .
usually about 130 wum. Hg., rescinrnamine csused no fall in
the blood pressure level even afier several hours. The
characteristic effects of acetylcholine, histamine,
adrensline and norsdrenaline on the blood pressure were

not modified by rescinnamine, °

3¢ lzolated Perfused Rabbit and @ itten Hearts,

H0 differonces were noted in the results obtained
when the experiuents were earried out with elther rabbhit orx

kitten hearts. Terfusion of 1.0 pie per nl, of

controetions /
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Figure 11* Cat* (a) Pentobarbitone and (b)
chlopalose anaesthesia* Blood pressure record
from the common carotid artexy* Drugs

administered intravenously*

At Ad, infusion of adrenaline 0*10 mg# per ml* at

the rate of 1*0 ml* per minute*
(a) At C, Control solution*
At ByOHeacinnarain® 1*0 mg* per kg*
At Eg# " 4*0 mg* per kg.
At Sal,Saline 4 mlx*

(b) At R# Reacinnamine 2.0 mg. perkg*



;l?igg.r_]g___l_Z_’f Gat* (a) Ghloralose anaesthesia, <b)
pentobai'bitone anaesthesia and (c) spinal animal
Blood pressure record from the eoiiuton carotid

artery* Drugs administered intravenously*

At Ha, infusion of noradrenaline 0*10 mg* per ml

at the rate of 1*: ml* per ujinute*

(@) At R, itescinnamine 2*0 mg* per kg*
At S, infusion of noradrenaline stopped*
(b) At E, Kescinnaiidne 2*0 mg* per kg*

At S, infusion of noradrenaline stopped*

(c) At R, Kescinnamine 2*0 mg* per kg*
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contrsetions of the heert (Fige 13, 1e53 )¢  The decrerae
in the rate snd amplitude wne gradual end became evident
within & few minutes after the start of the perfusion of
the rescinnenine sclution., The heert outflow was slso
decreased, The rescinnanine effect wee not reversible,
snd the decreaged rote and smplitude did not increase after
wvithdrawsl of the drug (Fig. 1%b, pe53 )s The control
soluiion equivalent o 1eC pge per nle of rescinnamine had
guelitetively sinmiler, but quantitetively much w&ak&r

effecte upon the heart.

‘Tha incressed rate znd amplitude of eontraetion
produced by adreualinc, 0.50 pge, or norxadrenaline, 0,50 ug.,
were not altered by rescinnanine, 25 to 90 pg. (Figelda,p.54).
The elffect of mcetylecholine (D.05 uge) wes slso unaffected
by prior injection of 25 to 50 pge reseinmnanine (Pig.l4b,p.54).
¥hen rescinnamine wes injectad at this doge level through
the perfusion cannula, there was an immediste decresse in
the amplitude which recovered within a few minutes but did
not return to the original level, The heart rate snd

heart outflow were not significantly altered.

4. Isolated Guines  ig Puricles.

When rescinnawine in coneentrations 2.0, 4,0 or 8,0

Ze per ml, was added to the bath, there wes an immedinte
reduction /
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Figure 13% Isolated. rabbit heart. lumbers above
the recording - upper row heart rote in beats per

minute, lower row cardiac outflow in ml* per minute*

(@) At K, perfusion with reecinnamln® 1*0 pg* per ml*
(b) At E# perfusion with rescinnamine 1*0 pg* per ml*

At 1L, reacinnomine replaced by Locke’s solution.



gi. —iro 14* Isolated kitten heart*
(a) Humbere above the recording refer to the number of

beats per minute? upper row norml beat, saddle

row after administration of adrenaline end

noradrenaline and lower row after sthin:tatration

of reeci»xmmine 4
At Ad, adrenaline 0*3 ug*
At Ha, noradrenaline OS
At lip reaoinnamine 2$ £g*

At E'é" rescinnamine 50 no»

(b) Htebere above the recording refer to the number of

beats per minute*

At A, acetylcholine 0*05 p

At K, rescinna iine 30 ig*



reduction of the rate and amplitude of the contraetions,
After waohing,the rste »nd s2mplitude returned to their

orizinal levels (Fige. 15a,p. 56),

kescinnamine (2,0 1o 8.0 uge per mle) did not show
antagonism or potentiation to the increased rate and
amplitude produced by porsdrenaline (0,02 pge per ml.) or
adrennline (0,02 pge per nl,) {F15.15b aﬁd.c, De 56),

The conirol gsolution had no signifiean% effeot,

Se Strips of llorge Carotid ‘rieries,

Reseinnenmine in the dose rsnge of 2,0 to 40,0 pga. per
ml. relaxed sustnined cuntractions of esrtery stripe induced
by adrenaline (1.0 tc 2.0 pge per uls.), noradrenaline
(1.0 to 2.7 pge ner ul.), 5 = hydroxytryptenine (C.10 to
050 pge per nmle), reotylenoline (0.02 to Vel puge per ml,)
or histenine (1.0 t0 240 uge pexr mls)e The degree of
relaxntion depended upon the magnitude of the dose of
rescinmamine ugeds The results of some of thoese
expoeriments are chown in Fig.l6, pe. 57« The control
solution produced no observable effects, Leseinnamine
in doses of from 2.0 t0 40,0 pge pexr ml, had little or no

direct effect upon the srtery strip.

Prior /
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190 192 188

Figure 15»

Isolated guinea pig auricles.

Nuribore

above the recordinga refer to the nunber of beats

> fdnute *
(@) At B #
At 1ige
At W#
(b) At Ba#
At 14,
(c) At A,
At
At E2,

At W,

reeoiniiS/aine

«

wash out.
noradrenaline
reacinnanine
edremline

reeclnnamin®©

«

waofo out.

?*0 A * per oI,

4,0 » «

0,04 fig* per ml*

2.0 " "

0,04 WU per

P,0 « ool

8,0 " *

*

1*

«

56»



Figure IS.

(a)

(b)

(a)

(¢)

At
At
At

At
At

At
At
At
At

At

Isolated strips of horse carotid artery*

Aeh,
C.

Aoh.

E#
HT#

t*

K#

acetylcholine

control solution

acetylcholine
reacimmmine

5-hydroxy-
tryptamine

rescinnamlne
adrenaline
r*scinnamine
noradrenaline

rescinnr dne

0.02 H& per

° 0 ug. per

40.0 = ”»

0.10 US. per
50 =« i
2.0 per

200 W

2.0 %gf per

20.0 n u

ml.

ml.
H

ml.
»

ml.

»

ml.

57.



~Prior addition of rescinnamine in doses of from
1.0 to 1040 pge per ml. reduced the magnitude of the
contrection induced by adrensline (1.0 to 2.7 ug. per ml,),
noradrenaline (1.0 to 2,0 pge per nl.), 5 - hydroxytryptam=
ine (0,005 t0 0,05 puge per ml,), ncetylcholine (0402 to
0s10 paze per ml,.) or histrmine (0,10 to 0,50 uge per ml,)
(FizelT, De 59), The control aolutian did not show
any sigpnificent eflect upon the contraetions induced by

these GrUgS.

6. Isoleted Perfused Rat Nindgusrters,

in the perfused hindouarters of thekrat, rescimmamine
hag been shown by HeQueen and Blackman® te heve a direct
peripheral vasodilator effeet similar to that caused by

resexypine,

“hen perfused in concentrations of 7410 0 140 wge
per uleysclutions of rescinnemine caused no change in the
rate of outflow, When the concentration wss inoressed to
10.0 pge per ml. there was n graduel deerease in the
outflow appsrently due to constriction oi the blood vessels,
A marked constriotor effecet wans aleo obgerved when
rescinnanine in the dose range of 0,05 to 0,10 me, was
injected through the injection ceonnula, No eantagonisn

was /
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Figure 17* Isolated strips of horse carotid artery¥*

(@) All contractions produced by acetylcholine
0*05 jig* per ml¥* Addition of acetyl-
choline to the bath was preceded 10 minutes
earlier by

at C, control solution, and

at K, reeciimamine 10 jig* per ml*

(b) All contractions produced by 5-hydroxytryotamine
0*30 |tg* per mI# Addition of 5-hydroxytrypt-

amine was preceded 10 minutes earlier by

at E, rescinnaiaine 10 Jjig, per ml*
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wng shown to the vesoconsiriction caused by 0,10 to 0,40
pge adrenaline following injection (0.10 pg.) or
perfusion (1.0 pge. per ml.) of resciimamine., The gontrol
gsolution produced =lmost the same consirictor effect as
the solution of reseinnamine. In this investigation,

it has not therefore been posezible to demonstrrte thaet in
the isolated perfused ret hindquarters rescinnamine has

g8 direct periphernl vasodilator effect.

Te Izclated Guinen Fiz ILleums

In soue preparstions rescinuremine, in doges of from
1.5 to 3.0 ug. per al,, ghowed » direct stimulant effect
wherens in others no direct aestion, even in doses of up to
20 uge per ml., was scev. The atimulent effect was
conpletely inhibited by Je1l pge atropine (Fig.l8, pe6l).

The econtrol sciution showed no direet action.

Contractions of the muines piz ileunm followling the
gddition to the bath of scetylcholine (G;&4 to 0,08 puge
'per nle) or histsnine (O.04 to 0,10 uz. per ml,) were
reduced by 2.0 50 20.0 uge. per ml, of rescinnanine
(?ig.l?, ne62)e The extent of the reduction in the
anplitude of the contrsction appeared to he relnted to the
dose of rescinnamine in the onsme of agetylcholine, but not

in /
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gl:;ure 19* Isolated guinea, pig ileum.

(@) Ail con[tractions produced by acetylcholine
0.08 jAg. per ml* Addition of acetylcholine
to the bath was preceded one minute earlier

oy
at A, rescinnandne 5 per ml.
at B, w 10 pg, per ml#
at C, n 20pg* per ml*

(h) All contractions produced by histamine 0.10
pP,9* per ml* Addition of histamine to the
bath was preceded one minute earlier by

at A# resoinnamine 8 |Ag. per ml¥*
at BsS w 4 p.g* per ml*
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in the ¢sase of histamine. 1Reoovery of the contractions

to the control height was usually complete, although the
tisze required for the hisitanine-induced contraction to
recover was the more prolonged (Fiz.l9b, pe.62).

In the case of histamine the maxiwun inhibition was alwaye
produced some time after the addition of rescinnanmine -
generally after two to four additions of histamine
(¥igel9b),. in the case of acebylcholine, the
contraction induced inmedistely after addition of
rescinnanine showed the maxinun inghibition (Fig.19a. p.62)-

The control solution heod no inhibitory effect.

8. Inolated Habbit Duodenum,

Two to four pg. per ml, of rescinnamine had ne
effect upon the sponteneous activity of the rabdit
duodenum, but there wss ususlly a reduction in the normel
tone as recorded by a £21) in the level of the recording
lever (Pig.20b, pe.64 ) The contreol solution hsd no
effect,

Contrnctions of the ducdenun following addition to
the bath of scetylcholivie (0,004 to 0.04 3. por ml,) snd

the reduction in tone produced by (.05 to 1.7 pge per ml,
of /




Yimre 20*

(a) At
At
(b) At
At

Isolated rabbit duodenum*

A, acetylcholine

K, rescirmamine

A}adrenaline

B, reecinnamine

0*004 pg* per al»

1*0 *g* per ml*

0*)5 ME* per ml*

2*0  J&* per ml*
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of adrensline were unaffected by doses of rescinnamine

within the range of 1.0 t0 4.0 pze per mle (Pige20, pe64).

9. Isolated Prog Reetus Abdominis Muscle,

In somﬁ experiments rescinnsmine in doses of from
5.0 to 50 pg., per ml. had a direct stimulant effect upon
the rectus muscle (Pig.21, Pe66 e Immediately after the
addition of renciunsnine to the bhath there was a slow
contractursl response, ' The magnitude of the contracture
varied from test to test, even when the esme dose was used,

(E‘ig 021 ) .

The contracture wag not reduced by prior addition te
the bath of atropine (1.0 to 10.0 pge per wl,) or
tubocurarine (5.0 t0 1040 pge per mls)e The control
golution had no direet stimulant effect.

Vhen rescinramine did not cause a contracture, it
ghowed antagonism to acetylcholine-induced contractions of
the rectus, Following 50 pge per mls of rescinnamine,
the amgnitude of the zcetylcholine~induced contrsmetions was
reduced by about 30 per cent, but doses of less than 30
e per mle had no simificant effect (¥Fiz.22b, pebT).

Yhen rescinnamine (10 1o 2C uz. per =l.) was allowed te

remein /




ffigure 21~

(a)

At

At

At

At

At

At

Isolated frog rectus abdominis nuocle*

reBcinnaTfdne 50 |ig« per Hi*
control solution

wash out,

re-oinnanine 15 \&g, per ml*
control solution

w sh out*



ffisure 22. 1Isolated frog rectus abdominis muscle*

(a) bnlabelled contractions produced by acetyl-
choline .15 m» ¢ per ml*

At C, control solution
At W, wash out

At K, reseinnamine 20 p.g. per ml.

(b) All contractions produced by acefcylcholine
0.10 VIgp per ml.

At arescinnamin® 10 prg. per ml#
At Eg, " 20 ng* per ml.

At n 50 (ig. per ml.
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remain in contact with the rectus for longer periods, a
marked inhibition of the mcetylcholine~induced contraoction
wag obsorved (Fig.2%a, p.67).

10, HNietitsting Membrsne of the fnsestlhietised Cat.

Rescinnamine in doses of from 1.0 to 2,0 nge per kg,
showed no direct effects upon the nictitating membrane of
the snaesthetised cnt, Thers was no immedinte effect
upon the magnitude of contractions due to indirect
tetsnigation of the cervie~l sympathetie, but about thirty
minutes after an injectlon of 2.0 myrs per kge 8
significant reduction of the amplitude was observed, After
about three hours had elapsed, the magnitude of the
contraction was reduced to about 30 per cent of the original
(Fige23, Pe69)e




*ure 23* Cat. Pentobarbitone anaesthesia.

( ontraetio 3 of nictitating mtbrane elicited nt
intervals of three 1linutes by preganglionic
stimulation at a frequency of 1,000 i.ipulses per
minute, 10 wvolts, raise width 1 msec* for 10

seconds*

At A, rescinmnine 0*5 mg* per kg* intravenously*

At B, rescinnamine 2.0 mg. per kg. intravenously.
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CHrPTER IV

DISCUS3ION

Eescimnamine causes an immediate but short-lived,
sharp f=211 in ihe bloocd pressure liecvel of the anacsthetiesed
cat (Flie5 ,Pedl e There is alsc some reduction in
the level of the blood pressure at the end of thres or four
hours and this mizght be considered 40 indiente a
hypoteraive actions Un %he other hand, fhara'is almost
always a reduction in the blood pressure level of the
aunaesthetised o~t aiter thres or four hours on the
operating ﬁable, and control experisents indicate that
rescinnamine has apparently very little hypotensive effect
upon the normotensive cat. Cranheimwgi.ggégg have,
howsever, clalued that resclananine has a definite hypom

teneive action on nermotensive dogse

Rescinnamine abolishes or reduces hypertension due te
adrenaline or uoradrenaline in snaesthetlsed and epinel
eats, but ganglion bloeking agents and reserpine incresse
the hypertension causzed by injected sdrenaline or
ggg@dreﬂalinez. Heseclnnaaine does not allter or may
glizhtly inhibit the pressor responses due to adrenaline
or norsdrenaline in the ent, but in the dog 1t hes been

raported 1o potentlate the presaor response o adrenalinnl.

The /




T2

The magnitude of the precsor regponse which ia due
to stimulation of the pressoreceptors, and which fellows
bilateral occlusion of the carotid arteries, is reduced
gignificantly following resclinnamine, i% hes been
concluded hy’ﬁeymmn33 that drugs which czuase the
museular walls of the carotid sinuas to contract inoreasse
their intrineic tension and decrease their distensibility,
thus causing stisulation o? the recepiorzs at the endings
of the earotid sinus nerves, This stimulation reflexly
induces a £211 in the systemic arterisl blood pressure
end decreases ihie hypertension normally produced by a
decresse of the blood pressure in the carotid sinue,
Druge which relay the arterial walls of the corotid sinus
and inerease their distensibility induce a reflex rise
of systemice arterisl blood pressure, Stimulation of
chemoreceptors by inhalation of a low-oxygen mixture also
produces a reflex rise of blood prensure In catas These
reflex pressor responses, as well as those produced by
faredigation of the centr-l end of the cut vasus snd the
splenchnic nerves and by occlusion of the abiominal esorta,
may heve the s2w@ nechsnism of actlon, i.e. liberation
of adrenaline =znd nerrdrenaline from the nerve endings
of the adrener;ic ﬁerves4, the refiex being medisted

through /
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through higher centres in the breine, The faect that
adrenergic blockdng agenta snd psanglion blocking agents
depress theme reflex pres=zor responses supports this

view, Although the peripheral sympathetic ncrvous

system is conaidered to represent the final atep
responsible for the rise of blood pressure which is
brought about by these reflexes” and nersdrenaline is the
trananitter set free from the sdrerergle nerve andinga4,
the diZferences in the composition of the adrensl
medullary secretion after stiulation of differvent
afferent nerves and of presso=- and chemereceptors, are
2lgo of importecce in causing the blood pressure to rise 2, 6.
In eats it haoe Veen shown that when these nressor reflexes
are brought inio play, about twowthirds of the medullary
secretion is normally neradrensline, As has already
been indieated, resecinuening antagonises the preesor
responges elicited by faradizetion of the aplanchnie
nérves and by bilateral ocolusion of the cerotid arteries
and abdominnl &orta, and it sbolishss the pressor
reaponges due to faradisation of the cut erd of the afferent
vagus end hypoxia, Antegenism to these pressor reflexes
indleetes that rescinncmine may act by intexferdng with
syupathetic activity in the central nervous aystem, because

it /
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it shows no antagonism to the peripherasl effects of circulating
adrennline or noredrensaline. Resclnnamine roy also exert
its hypotenaive effect by a specifie depressant action
upon the sympathetic ganzlia, and the observation that 1%
markedly reduces the responses of the nictitating membrane
to stimulation of the preganglionic sympathetic fibres
lends support to this view, In the'dog, rescinnamnine
has been reported to cnusme yeversal of the pressor
reaponse to hypoxia, diminution of the pressor response

to bilateral esrotid occlusion snd blockade or reversal

of the blood pressure rise elicited by feradization of the
afferent vagual. Bein ! s using reserpine, has observed
gimilar effects in cels mmaesthetised wiith dialurethenep
but in controst to rescimnanmine, reserpine Goes not cause
inhibition of the pressor regponse cazused by siimulation
of the afferent splanchnic nerves. Dein congidered thet
reserpine acted upon the central nervous system and had

a direot effect upon the gympathetic autonomie centres in
the brain which were respongible for the regulation of

the blood pressure.

Depression of the vhythaic asetivity of preparations
of isoulated cardiac muscle was observed following the use

of /
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of reseinnamine, The rrie rnd noplitude of the
contractions of the isolrnted kitten and radbbit hezrt were
decrensed and the cardiasc outflow was reduced, TIn these
prenarations, the asite of motion of resclrinuine nppenrs
to be directly unon the osrdise —uscles On the other
hand, reseinnauine dees not seem to alter the characterw
ietic actiona of c¢-rdiotenie drurs such ss adrenaline,
noragrenaline etc. on the isolated henrt, Reseimmemnine
eruned depression of the sponteneocus activity of the
isolnted auricles but 4id not alter the stinmulant effecte

of sdreasline or noredrensline,

Ho vasodiletor sflfect was observed in the isolrfed
rot hindquarters srepnrotion following periusion of
veseinnamine, efueen ond Ulackoen 8,'h0wever, obaerved
vagodilatation in the perfused rat hiﬁdquartera in which
vapomotor ftone hed been inecreased by the infusion of
noradrenaline. In the isolated rat hindquarters
preparation, it is perhsps to be expected that lintle, if
anyneursgenic vogoular tone should remein and that, in
these eircunstances, little or no vasodilator effect would

be expected.

In experinents perfored usling lsolated strips of

norge /
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horse carotld artery, rescinnamnine showed little direot
relaxant effect but coused relaxution of contrseturea of
artery strips elicifed Ly adrensline, noradrensline,
Senydroxytryptemine, histenine or acelylcholine., Prior
addition of rescianamine to the bath also antagonised the

effects of these sitinmulant drugs.

In the isolated guinea pls ileun, rescinnanine
depressed the sgtimulant 2c¢tione of agetylcholine and
histanines It nlso caused a slow contraction of the f{rog
- rectus abdominis muscle., This effeot was followed by a
reduction in the nagnitude of acatylcholine-induced
eontraction of the rectus usele, i.e. not only hal
rescinnanine a direct stimulant action on the musecle bu%

it antagonised the gtimulant action of scetylcholine,

The isolated tissue preparstions used in this
investigation differ widely in thelr sources, siructure
and properties, Certain charscterigtic featuree of the
action of resclmnacine on isclated muscle preporations
can howaever be demonstrated, These are, its genernl
depressmub ¢ffects on the nwusoular activity produced by
other stinulant druge ond the nonespecific nature of

thege depresseont effects.

1t /



TTe

It is not possible to suggest one single
mechanisa of action which can sccount for all of the
eifects of rescinneamine oharrved in the intret sninal
and in isolated tissue prepsrations, +hile rescinnane
ine undoubtedly h:'s sowe eifects upon the central
nervous system, it apperrs from the study of itas effecte
wpon isolaled tissue prepsrations that it may elso
have definite peripherel sites of actions 4rny of the
peripheral effects of rescinnemine 8y, herover, be
explained if it iz assuwec thet rescinnmaine scte by
dapreaéiﬁg the ability of smocth curdisc smd skeletrl
muscle to contract, The site or sites of this action

within the cclls cannotv ss yet be defined,

From experisents on intact sanimals snd on isolrted
tisnues, it ie difficult to ssress the clinicel value
of a drug. In the sneesthetised normotensive
cat rescinnamine cruses little or no fall in the blood
presaure level exéept for a short-lived, sharp initinl fol1,
Phwrwacologicﬂl studies with this eplkrloid were -2rde by

1

Cronhein et ealia™ who, however, found it to nomsess ~11 of

the typical pronerties /
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properties of reserpine and of the aleseroxylon fraction

of Louwolfis serpentina as messured on the normotensive

anaesthetised doge. ~ Thia is in agreement with the

clinical findings obtained by Hershberger and his co-
workers? and by Smirk end idenueent® who reported rescinname
ine to have similsr hypotensive effects to reserpine in

Man . Thet rescinnamine markedly reduces adrennline and
noradrenaline hypertension in aneesthetised cats may have
some significsnce in its use 28 a hypotensive drug in

man. Lemieux snd his colleeguesll, on the other hend, did
not a ree with the cliniecal results obtained by the previous
inveatigatcrsg'lo followin; orsl administrationAOf
rescinnauine, although they ocbserved a significant lowering

of blood pressure in mon following its intramusculsr

adninistration.
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CEAPTER V

5 UMMARY,

Rescinnamine has been used in the treatment of
hypertension and is clained to be an effective

hypotensive agent in man.

The ghafmacalegical properties of rescinnsmine have
been studied in experimentsl animals and there appears to
be little or no difference between the properties of
yeecinnamine and reserpine, | |

In Chapter II of this section, varioua experimental
procedures using intact sninale snd isolated tissue
preparations in the study of the pharmacolosionl properties

of reseinnamine are deseribed,

In Chapter III, the results of themsc gtudies are
desoribed. In the normotensive anaesthetised eat;
rescinmamine csused little or ne fall in the level of the
bloocd pressures It depressed or abolished the pressor
responses sllcited by (a) faradizstion of the central end
of the cut vagus, (b) faradization of the splanchnic
nerves, (c) bilatersl occlusion of the enrotid arteries,
(&) compression of the abdominzl aorta and by (e) hypoxia.

Hypertension in ausesthetised or spinsl cats due to the
infusion /
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infusion of adrenaline or noradrenaline was reduced by an
injection of rescinnsmine, but the pressor effects of
pingle 1njeétiena of adrenaline or norsdrenaline were

either unaltered or slightly depressed.

Althoush its aoction is delayed, rescinnamine has been

shown t0 possess some genglion blocking aetivity.

Rescinnanmine depressed the activity of preparations
of imolated cardiac muscle. In isolated vascular (horse
earotid artery) end intestinal (guinea pig ileum) smooth
muscle, rescinnamine reduced the naznitude of druge

induced contractions,

In preparaticos of the igolated frog rectus abdominis
muscle, although rescinnamine had some direct stimulant

effect, acetylcholine~induced contrsctions were inhibited.

in Chaptexr IV, the results obtained in the present
study as well ag those of other workers are discussed.
The poseibility of a significant peripheral componeni in
the effects of rescimmaxine in huusn hypertension is also
discusaed. | it ig concluded that while the drug has a
definite aotion upon the central nervous system - which
probably contributes largely to its antihypertensive
effeat /



effect in man - peripherally induced relaxation of the
vasoulay smooth muscle may also play a pert.

83.







LHYROLUCTION

The oldest known neuromuscular blocking agents are
those grouped together ss the cursre elksloids. The
term "Cursre™ is 2 wide one and includes many types of
South Americsn arrow poison, Cursre hss a long snd
romantic history which has been well described in a
couprehensive review by %cIntyr@l vho has discussed the
botanicsl sources, nomenclature snd chenical
identificrtion ete. uir vslter Raleigh? in hie
“Eigcovery of Guiana"™, published in 1595, mentiona the
arrbw poisons of the South Americen Indirsns, and the
first eye witness account of the preper-~tion of cursre
was given by Numboldt? who believed that curare wos
prepared by the notiives of British juirna from various

species of Strychnos.

Prior to the important contribution of Gill4 in
aupplying a sufficient smount of the suthentic drug

which had been prepared frow Chondrodendron tomentosum,

different speclnens of curare were not of uniform
chemicsl congtitution or pharmncologicel activity. The
side effects which were sroduced by sny :iven sample of
curare were also very veriable, The only consistent
chgervotion ves thet the drug produced 2 parelysis of

skeletal /
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skeletal uuscle. Yet snother major obstacle was the
fact thet the sources of the different cursres had not
been satisfactorily identified., Some semblance of

order wrs created by Boehn? who showed that there were
three kinds of cursre which were commonly svailable,
These could be cls=sszified upon the basis of the
containers in which they were stored, trsnsported end
epperred on the uazrket, These weres tube curare,
eontained and uarketed in beamboo tubes, pot cursre,

found in earthenwere jars snd calabash cursre, found in
gourds, This system of clsssificrtion has =wany obvious
limitations #nd is no longer couuonly used since

purified preparations of consztant composition and poteney
are now available for experiuental investigation and
¢linical use, Alkaloidel extrscts are indeed seldom now
eamployed, having been replzced by tubocurarine - a pure

erystalline slksaloid,

The main raw uaterial for the preparation of the:
various curares which were used by the Houth Americen
Indians was either the bark of one of the sany species
of the genus Strychnos (most frequently, Strychnos toxi-

fera), or of Chondrodendron tomentosum, but wany other plants

appesr /
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appear to have been used,

Although Doussingault and Roulin6 prepared an
extract from cursre in 1827, the lirst systematic
apgroach to the problem of the isolation of the alkaloids
of curare was made by Eoehms. Boehm isolsted ¢ertain
quaternery beses e¢szlled cursrines from the varieties
of curare which were then aveilidle, TPoehm named the
products obtalined from oerlsbash curere, the curarines,
those extracted irom pot curare, the protocurarines, and
the extraets oif itube curare, ihe tubocursrines. He also
icoleted froan pot and tube currre tertiary boses with
we:k neurouuscular blocking activity which he ealled
surines. 1The cheaistry of tube snd pol curare was later
investigated by wiﬂg?. In 1933 mG;ntyre obtained the
firet clinicolly aseiul, standardized cursre preparation

from Chondrodendron tomentosum. Subsequently

orystalline tubocurarine (Figs 24 , pe87, (previously
isolated froa tube cursre by King! in 1335) was prepared
from the same plent by ¥intersteiner smd Dutcher®,
Dimethyltubocurarine (i#ige 24 ,pe87), a clinically useful
deriveiive of tubocursrine, wrs also prepsred by Kin57

end by wintersteiner rud Dutcher®,

¢rlabash /
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Celsbesh curare was. studied by %ieland rnd his

3 to 12 » by Karrer and Schmidla, by Schmid and

assocliates
sarrerlt o 17, by wagertSs1Y and by ﬁarshgo 0Of the
nunerous alkaloids isolated from czlabash curare, one

of the most interesting ims C=toxiferine-I (Fig. 24,p. 87).
it ie thought to be the most potent of all the neuro-
muscular blocking agents, yet it containa only one

queternsry nitrogen atom, (=toxiferine-I was also

isolated from the bark of Strychnos toxifera by King7 and
21

studied by Peton and brerry®™ wio found that this compound
gshowed less vari tion of activity from specles to species
than any of the neuromuscular blocking sgents which had

been investigated up to this tise.

Another type of neuromusculer blocking agent which
occurg naturslly is @eerythroidine, an alkasloid which was
isolated by Folkers and uajorzg from the seeds of

Erythrina gmericane. Dihydro-p-~exrythroidine which was

prepared from p-erythroidine by Folkers and Major23 elso
possesses neuromuscular blocking ectivity »nd is about
gix tizes c8 potent ss PB-erythroidine. in contrast to
tubocurarine #nd the other alksloids of cursre, both of
these cogpounds s21e tertisry smines and contsin no

quaternazry /
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gquaternary nitrogen atoms,

Although Fumboldt and Bonplend?4 as long ago as
‘1821 had carried out on the frog nerve-muscle
preparntion what were probably the ftirst experiments
with curare, the carlicst scientifically designed
experinent to demonetrate the neuromuscular blocking
activity of cursre was th:t described and carried out by
Claude Dernard?2,26 in 1850, In his clessic experiment,
Bernard showed thst curare peralysed its vietimes by
blocking the transmission of the impulse from nerve to
BUSCle o One leg of a decapitated frog wes tightly
ligatured and an extract of curare injected intra-
peritoneelly, This technique ensured thet the injected
drag did not enter the circulation of the ligatured limb,
although the rest of the aninel way effected, When the
nerve wae stinulated above the ligeture, the ligatured
limb contrected and it was concluded that the drug did
not affect the unerve itself., vhen the ooposite limb was
stimulated in a giszilar way it did not contfact, but if
an electric shock or a snall quantity of acid was applied
directly to the auscle, then this contracted in a normal
feshion, Ternard concluded th=t the drug had no

direct /
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direct ecction on the nerve or muscle and must therefore

act upon the neuromuscular junction.

The history of the wodern clinicel ussge of curare
may be said to date from the s tudies of est2 | who, in
1932, euployed in the treatment of patients with tetanus
and certein spastic disorders a2 highly purified fraetion
prepared from crude curare. In 1940, Tennett28
introduced the drug as an adjuvent to the leptagzol shock
treatument of psychistric disorders, =nd in 1948 Griffith
and Johnaonzg reported the results of the first clinicsl
trial of curere asc a asuscular relaxant in gzenerasl
anaesthesia, In their pioneer studies, 4riffith and

Johnson®? administered cursre in the fora of Intocostrin,

Chondrodendrcen tonentosum,

In addition to the purified natursl form of cursre,
tubocurarine, we possess to-~dey a large number of
synthetic nuscle relaxante some of which sre used in
clinienl mediecine, Thege are nure chemicrle of known
composltion snd their pharwscological effects can be
messured with & high de.ree of precision, “ince their

effects are readily predictable, they sre widely used in

surgery /
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gurgery to cause muscular relaxation by blocking the
transmission of lmpulses from the motor nerve to the
nuscle =»nd thereby permitting the use of smeller doses
of volatile and other sznoesthetics with s very desirsble
reduction in the sssoclated undesirable toxic side
effects and in post-operative morbidity 2nd mortality.
The muscle relsxants are eapecially valusble in
sbdominal pelvic nAnd thorscic surgery, 2nd in various
orthopoedic procedures. They hove been used to
facilitate leryngoscopy, bronchoscopy and ocesophagoscopye
They are ~lso useful in sone nervoug disorders which
cause spastic psralysis,ond in controlling v-mrious
convulsive states including those induced by electro

shock therapye.

The isolation snd cherscterisation of tubocurarine
from tube curare by King7 in 1935 gave a renewed impetus
to the 1lnvestigstion of the mode of action of neuro-
musculsr blocking agenta, Deale »nd his co-workers3o
showed that when & motor nerve wag stimuleted, a nerve
impulse wss initiated zand that when this reached the
nerve endings it brought about the releese of acetyl=-
choline at the neuromuscular junction. Cowan3l

demonstrnted /
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demonstrated thot the scetylcholine libersted by the
motoyr nerve impulse in response to nerve stimulation
depolsrized the end-plate and the notentisl difference
produced by this cepolarization (called the end-plate
potential by kccles znd ais co«wurkersEz) wra responsible
for the initiation of the prop=sgated muscle sction
potential which produced the muscular contrnsction.
Although certain »gpects of the wechenism of neuromusculsar
trgnsaission nre still controversial, it is now generslly
gccepted that both electric:l phenomens and the acetyle
choline-acetylcholine easternge system ploy important

roles in neuromusculzr transmission33’34. According to
the "chemico-clectriesl" theory of FeldbergBS, the
depolarizetion of the end-plate is c-used by the
gcetyleholine secreted at the terminel nenbrene which
diffuges throuzh the sub-neural spsee to rench the poste
Junctional mexbrane. In contrast to this, ﬁmahmanaohn’s
in his "electro-chenical theory* clrins that the current
genersted at the teraminsl membrane renches the post=-
Junetional membrzne by Jjuasping the "few microns-wide®
sub-neursl sprce end then liberstes ecetylcholine which
is responsible for the devolarizetion of the end-plate,

For convenience, the sequence of events in neuromuscular

transaission /
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transmission may be summarised as follows: (1) the
propagated nerve impulse couses the liberation of
acetylcholine at the region of the end-plate, (2) escetyl-
choline is adsorhed on to cholinergic reccptors on the
post-junctional membrsne, (3) the eni-pleste is pertly or
completely depolarizad with consequent generntion of the
end-plate potential, (4) the end-plate potenti=l reaches
a critical level and the sauscle asction potentinl ie
initisted, (%) acctylcholine is hydrolysed by acetyl=
cholinesterase to acetic zcid and choline (it 1s possible
that end-plate depolarigation and enzyme hydrolysis
occurs simultaneously), (6) the end-plate becones
repolariged, (7) muscular contrasction occurs towards the
end of the phase of repolarization, (8) the choline
acetylsse system forns acetylcholine by 2 synthetie
process from choline and socetzte ions. (This is a
pimplificetion of what is certsinly a2 complex biochemiocel

processsé)

#Much of the work on the physiology of neuromuscular
trananission was done with the help of muscle relaxantg.
The work of Burns ond his co-warker937, Burng and Paton38,
Paton nnd Zaim1839 and others gave a considerable amount

of /
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information on the mechanism of action of the neuro-
masculsr blocking agents. A neuromuscular blocking
agent may be definad as a druyg which interferes with the
transamission of the nerve inpulse throush the
neuromugculer junction Lo the muscle fibres without
modifying econduction in the nerve, and without affecting
twitch tension in responge to direct stimulotion.
Although coapounds other than quaternary munonium
derivatives, ¢.g . tertiary amines®2e” 7 gre slso cepable
of blocking neurovmusculer trenswission, the clinically
useful neuroumusculsr blocking sgents are all quaternary
beses which produce neurosuscular block by inhibiting
either the depolarization or the repolarization phases
of neuromuscular transmission. Attenpts have been made
by & nuaber c¢f investigstors to cleesify the cuaternary
neuromuscular blocking agents. The method of
classificstion proposed by ‘eton znd Zaimissg distinguishses
three types of neuromuscular block: (1) competitive
block, (2) depolerization block snd (3) mixed or inter-
mediate block. Competitive block is caused by drugs
which produce their effects by competing with acetyl-
choline at the end-plate region. The end-plate

potential is progressively reduced to & level below that

of /



of the normal threshold vslue until impulse propagation
ceases and muscle contraction is abolished. A large
nuamber of synthetic or naturslly occurring substences
of thie type sre known. Tubocurarine is generelly
considered to be the typicsl representetive of this

group since it is by far the most thoroughly studied.

Depvolarizetion block may be contrested with that
czused by competition »v virtue of the fact thsat
depolarizing drugss produce a perszistent depolarisation
of the end-plate., Thig cruses on electriesrl
inexcitability at the end-plate region which is euffiic-
ient to prevent the generstion of end-plate potentiels
which are of a magnitude adequate to cruse excitation
of the adjacent muscle membrone, O the basis of its
actions on memmolisn (ent), evinn (chick) and amphibiesn
(£rug) muscle, decsmmethonium may be taken sg being the
most typical representative of the group of druge whioch
produce block by depolarizetion. tnd-plate depolariz-
ation crused by decsmethonium =nd other depelarising
drugs 1is aaeaciated with an initial phsase of excitation
or increased excitebility, It is during this phase
that sponteneous faseciculation of the muscle and

potentistion /
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potentiation of twitch height with repetitive firing
to single nerve impulses are seens As depolarigetion
persists, the phase of incressed excitability soon

pasases over into one of inexcitability.

The propertiea of drugs producing mixed or intere
mediate types of neuromusculsr block are different from
the two types describved. then tridecanethonium which
is a higher nember of the wethonium serles 1s injected
into chicks, a contractural response is seen but there
plowly ensues a nixed type of paralysis in which the
legs are contracted and the head and neck are flaccid,
Finally there zppears a typicanl generanlised flaceid
paralysis, In the eat successive injections of
tridecanethonium lead to an increasing refractoriness,
to parslysis of the tiblalis ruscle and to an ineressing
gensitivity of the soleus muscle to neuromuscular block,
‘Thus decamethonium=like activity is replaced by a
tubocurarine~like effect, In the =2lkyl trimethyl ammonium
series studied by Dallemegne and Philippot4¥s4l, the lower
menbers have predominantly decamethoniumelike properties
and cause depolarization ol the end-plate, whereas the

higher members have a mixed conpetitive~depolarizing

type /



type of effect, Similer results have been obtained
with & series of choline esters of sdipic acia?2?43
in which the methyl groups cn the ehoiine nitrogen
atons were successively replrced by ethyl groups.
Adipylcholinre itself ie s depolarizing sgent and this
is s8till true when one methyl group is replaced by an
ethyl group. %ith three ethyl substituents on each
nitrogen atom it hecomes tubocurarine-like in ite
properties and antagonises the neuromuscular blocking
activities of the parent compound, The diethyl methyl
derivetive is intermedizte in its properties, so that
it can, for instsnce, produce a contracture of avian
mugele and also terainate a siniler contrecture whioh
hsas been elicited by . dministration of the parent
substance., The block produced by this type of drug

is not typical of either competitive block or of the
depolarizing block, and is described as a mixed or
intermediate block.

The olassification sugzested by Bovet 53‘g315f4
grouped decamethonium, suxamethonium and related
substences under the heading “leptocurares"jy compounds
related to tubocurarine and gallamine were described as

“pachycurares®, In proposing the use of this system
of /



of classification, Bovet and his collergues suggested
that those neuroamuscular blockimgvagents with long,

thin molecules should be called leptocursres, The
leptocuréras 2ll possessed aecnmathanigm~1ike
properties, whereas those drugs with fat or thick
molecules (termed pachycurares) resemhled tubocursrine,
This ie not slways true. HNicotine which has a thieck
molecule, and might be described ss a pachycursre,
causes neuromusculay block in the ecat by‘&epolarigatioa
of the muscle., Tridecsmethonium which has a structure
which would lead to its being classified as a8 leptoe
curare behaves phormacelogleally, in some respects, like
tubocurarine « a pachycurare - in that when injected
into chicke it does not cruse the typical spastie
paralysis obtained with decamethonium, but produces an
effect reseubling that caused by tubocurarine, Another
objection to Lovet's system of clsssification is that

it is & rather exclusive one, and implies that there are two
discrete types of compound with two quite different modes
of actions As has been shown this is certainly not the
case, liore recently, Foldes%> has divided the neurow
mugcular blocking agents into (1) nonedepolarizing

and /
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and (2) depolarizing agents. This system of
classificetion possesses sowe advantages, snd it offers
e systea into which most of the aveilsble experimental
findings cen be fitted, but it is difficult to allot

%0 either group certalin substences which have been
shown to heve soae properties in coumwon with decamethon-
iunm, others im cowzon with tubocursyine and still others
not shared by either tubocurarine or decsmethonium,

3, 6 = bis {Z-diethyl-suminopropoxy) pyridszine bis -
wethiodide studied by Gesler and HOppe46 posuesses these
anomalous properties and wore closely resenblea the
compound dipropamine investigeied by winter and Lehman47.

These two eompeounus are showa in Figure 25, page 100.

sach cloesification way pomsess certain merits of
ite own but the classification sugzested by Paton and
7aimis appears to be nmore suitable for the purpose of
discussing the varioua types of neurormuscular blocking
agenta which are guaternary emmonium derivetives, VWhen
tubocurarine and othcr substonces having = sinmilar
mechanism of action are closzed am competitive, and
decamnethonium snd other gubstances with 2 similar type

of action arc described =g depolsrizing neuromuscular

blocking /
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Figure 25, The structursl formulse of

A. 3,6,~bis(3-diethyl-sminopropoxy)
pyridagzine bis-methiodide and

B. Dipromsmine,
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blocking agents, a nuuber of subatances which cause
neuroausculor bloeck, but in o mrnner different from thst
caused by either tubocursrine or deconethonium yet
shoring certein sroperties in cormion with these
conpounds, ™y be conveniently clrssed as drugs with en
intermediate type of action, The coapetitive and
depolarizing tynes of neuroausculnr blocking nzent have
properties which anpesr t0 be chrrreteristic of the
members of e~ch rroup; but the comnpounds which belong
to the intermedinte clsss c¢annot be rigidly
differentisted from the members of either of these two
former groups. Comnoundsg which ~re deseribed rs
being interm:dicte in type m~y heve certnsin nroperties
in common with tubocursrine, others in coxmon with
decmethoniun: goire nreoerties may be unique and
h=ve nothing in conzon with either of these comnpounds.
In the case of both the competitive and the depolariz-
ing type of neuromnuscular hlocking mectivity, it may be
gessuned thet the meibere of both classes compete with
eoetylcholine for cholinergic receptors at the end-plnte
and are capable of oreventing the saccess cf acetyl-
choline to these receptors, psrtly because of their
greatzr stebility snd prrily becsuse of their grester
affinity for these receptorse. After being

sasorbed /
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adsorbed on to the cholinergic receptors the nembera of
the two groups behsve in a different manner. Thias
behaviour may be described as followss After
adsorption on to the cholinergic receptors, the activity
of the competitivie type of neuronuscular blocking agent
is limited to the prevention of the access of acetyle
choline to these receptors. The configuration of the
receptor remains unchangedj there is no depolarisation,
nor is there any chenge in the resting potential of the
end~plate and consequently no muscular contraction can
be initiated. This type of neuromuscular blocking
agent exhibits a uniform behaviour and causes flaccid
mscular parslysie in all of the mammalian, avian and

anphibien species investligated.

Neuromuscular blockinz agents which act by depolare
ization cause a typical depolarization block in birds,
axnphibians and in certain manmals {(cats ond man)’a.
These agents couse depolarization of the end-~plate in
é slnilar menner to acetylcholine but,in contrast to
acetylcholine, the depolarizstion peréiate, spreads to
the parts of the nmuscle fibre adjacent tc the end-plate
and makes the muscle fibre insensitive to subsequent
stinmulation. /
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gtimalation. In certzsin other gpecies of mammals
however, except perhaps for = brief period of depoler-
ization, the block produced by these agents shows the

typicrl characteristics of coupetitive block.

The difference in the sctivity of the two groups
of neuroauscular blocking agents can be explained by
the hypothesis*“ th~t the type of block produced by
these compounds depends primarily unson the chenical
structure of the sgent, »nd secondzrily upon the
properties of the cholinergic receptors. The chemicsl
structure of the competitive tyne of neuromusculsr
blocking agent is such that, under physiological
circunstences, they will not change the configuration
of the receptors =nd will sroduce o competitive block
in all species., The block produced by the depolarige
ing blocking rzents depends on the properties of the
receptors in the post junctional membrsne of the species
involved, In some apecies where the configuretion of
the receptors can be changed easily, relastively small
doses produce =z depolnrization block,. In other species
where the receptors are more resistont to chsnges of
configurstion, small doses of depolarizing drug

produce /
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produce ne neurosuscular block at all and large dosss

cauae a competitive type of neuromuscular blooks

The majﬂr differences in the two types ef neuro~

'muacular blocking agents are described in Table
jpage 105,
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Comperison of Competitive and Depolesrizing
Mugcle Relaxants

Competitive Depolarizing
type of type of muscle
muscle relaxant
relaxant
l, Initisl excitatory effect None Transient
- on striated muscle fesceiculation
i.c. excitation
20, Effects of administering rdditive Antagonistic
different competitive
muscle relaxsnts
3, Effects of sdministering Antagonistid Additive

4.

5e

6.

T.

different depolarizing
‘muscle relaxants

Indirect tetaniz=tion of
the partisally blocked
muscle

EBffect of ether
anaesthesia

Bffect of
(a) Previous tetanization
of the motor nerve

(b) Potzssium

(e) Anticholinesterzses

(d) Edrophonium

Effect of current spplied
to the end-plate region.

(a) Anodal Current

(b) Cathodal Current

Poorly sus-
tained
contraction

Increased
effect

Antagonism

Antagoniem

Antagonism

Antagonism

Intensifies
paralysis

Lessena
paralysis

Well sustained
contraction

Ne effect or
antagonism

No effect

No effect

Little effecty
occasionally
feeble potentiat-
ion or sntagonism

o effect or
potentiation

Lessens paralysis

Intenasifies -
paralysis.
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The first atteupts at the production of synthetie
muscle relaxants were the syntheses by Crua-Lrown and
Frazer?? in 1869 of the quaternary derivatives of strychnine
end brucine, methylstrychnine and methylbrucine, Crum-IErown
end Frezer repeated Bernard’'s experiaents and showed that
these quaternary derivatives of strychnine and brucine had
ceriain properties snalagous to thouse of natursl curere,
It was recognised later that this type of action wes a

characteristic of sany quaternary aminﬁssa, and that somne

tertiary asmonium coapounds such as atilbamidine5l

, quinine,
nicotine snd p-erythroidine had sinilsr properties, Weony
well known drugs including atropine, quinine, strychnine etc.
show & merked incresse in neuromuscular blocking pctency when
their nitrozen atons rre quaterniged, vhile the neuromusculsr
blocking activity of p-erythroidine and dihydro-~p-erythroidine
,13 actusally abolished by auaternization of the nitrogen atom’2,
Other atoms nay be substituted for nitrogeny thue neuro-
musculer blocking aetivity has been reported esrong sulphoniun,

phosphonium, arsonium, stibonium gnd iocdinium compoundesz.

Partly becruse of the relative difficulty in getting

supplies of Chondrodeadron tomentosum »nd pnrtly bocause of

the incidence of untoward side effects’ 24 wnich occesionelly

sccompanied /
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acconpanied thé use of tubocursrine, a systematic seerch for
synthetic neurowmusculsr blocking agents wece started by
geversl independent groups of investigstors. The main
objeet of this was to obt:zin synthetlc coupounds with » mnore
selective zetion on the neuromusculsr Jjunction. The errly
attenpts by Heat55 to utilize in man the curarizing action
of trimethyl hexyl smmonium iodide, and that of trimethyle-

octylammonium iodide by Burman>®©

» were not successful because
the actions of these compounds were not sufficiently

selective,

Heny of the recent ~dvances in the history of synthetlo
neuromnuscular blocking agents are due lsrgely to the work
of Bovet and his co-workers who, after a considerntion of
the chemicel structure of tubocurarine, attempted the
Qynthesis of quinoline and isoguinoline derivatives with

curasrizing action.

In 1946 Bovet and his colleagues® 70 described the
preparation and neuromuscular blocking activity of
8l -~ 811 - diquinolyloxy - 1,5 = pentane, di-iodoethylate
(3381 H.P.)(F1g.26,p.08), This compound was the first
synthetic coupound which had significent curarizing sctivity
in mammals and which had a potency and selectivity comparable
with /
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E ® ]I j @)
SN @Enj
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. «CHy-CHs-CHy.CH2. O
CZHSOCH2C2C2C2C2 CoHs

A.  3381RP

O . CHp.CHy.CH,. CHy.CH3.0

N NS 1€
) e
CH, ct-}ct—b CH, CH; CHy
B. 3565 RP

O . CHyp.CHy. NO(C2H5)3 ©

O.CHy.CHy. NQ(C2H5)3 1°
0. CHp.CHy. N¥(CoHe), 1°

C. Gallamine Triethiodide

Figure 26, The structural formulae of 3381 R.P.,
3565 K.P, and gallamine, (3697 R.P.).
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with that of the naturally occurring alkaloid. Thet

even siapler compounds which lacked the guinoline or iso-
quinoline nucleus could exhibit cursrizing esctivity was
shown in 1947 by lovet =nd his comworkers® 1499 when they
synthesised ana tested a series c¢f bis quaternary
derivatives in the zromnstic 2mine series; the most
interesting meuber of this series wns the bis-(dimethyl
amino 2, 2 -« phenoxy) - 1, 5 pentane diiodonethylste
(3565 L.P.) (Fize26, p.l08)e In cert:in species and in
certain prepsretions, this compound was equzl to or even
greater in neuroausculsr blocking activity then tubooursar-
ine. In the sane yenr, a series of ethers of
B-hydroxyethyltricthylrunoniun were prepered and exnmined
by iovet gﬁ_g&i@?g’se. Tri-(p=-triethylamoniunethoxy) -
1,2,3-bengene triiodide (Goallamine) (Fig.26, p.l08), the
most potent weunber of this series, showed both in
experinentnl aninals ond in cliniecsl trials certnin
promising features. The undesirable side effects which
occasionally follow the use of tubocursrine were absent.
when the potency of this compound was estimsted by the
r:bbit head drop testﬁl, it wns shown to hove an activity
of about one fourth of that of tubocurarine., 1Its use in

ansesthesiclogy /
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aneesthesiology was first reported by Huguenard62

and lster by iushin =znd his aseociat8563. Gallamine
appears to act in the same way és tubocurarine in that

the neuronmusculer block is antzgonised by neostigmineeS
and edrophonium®4,65, and the neuromuscular blocking effect
is potentianted by ether anaesthesia®®, fThe durstion of
action of galleanine is significantly shorter than that of
equipotent doses of tubocurarine, and cumulative effects
result from the repeated administration of this drug.
Shortly after the publicztion by Iovet snd his co-workers
of the results of these studies on the pharmacology of
gallanine, norlov rnd Ingﬁs&ég and ’aton and Zaimis70'71’72
simultaneouely but . ndcpendently reported on the
neuromuscular blocking activity of decsmethonium, the most
active member of the polymethvlene bis trimethylammonium
peries (Fig.27, p.ill). It was from the meubers of this
series of coupounds that drugs which were appreciably more
potent than tubocurarine were obtained®8 to 72
Decamethonium was found to be about ten times as potent as
tubocurarine in causing neuromuscular block in the tibislis
muscle~-scintic nerve preparation of the cat, Lserine and
neostignine had no effect on decsuwethoniun block bvut

tubocursrine /
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CH3 xe 19 o/ CH3

CH3—N CHz-CHz~CHz-CHy~CHy-CHy-CHo-CHy CHy~CHy- N—CH3
N

CH3 CH3

A. Decamethonium lodide

e e

CH_,,\ oC! o o a®, CH

CH3=N= CHz CHz- O ~C~CHy-CHs C-O—CHp-CHy-N—CHz
/ AN

CH3 CHy

B. Suxamethonium Chloride

o The structural formulse of decamethonium

and suxamethonium.
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tubocurarine had sn antagonistic effect72. Decemethonium
vas first used in clinical anasesthesia by Orgene 33'251373
in 1949, It is a satisfactory agent for the production
of muscular relsxstion for moderstely short surgicsl

operations but has latierly becn uged very little.

The dimethyl ether of tubocurarine was prepared by King7
in 1935 2nd the pharmacologicnl propertiee of this compound
were described by Collier and his co-workers (4 in 1948,

In this conpound the two hydroxy-sroupe in the tubocurarine
molecule were repl-ced by methoxy=zroups (Fig.24,pe87)e
Dimethyltubocurarine wrs found to be abeut three times as

potent as tubocursrine in man75

and to possess pharmacolog-
ieel properties sinilar to thosme of tubocursrine, except
thet the histamine liberating and gonzlion blocking action
of this compound were less marked76’77. Bimethylé
tubocurerine was eveluated clinicelly by Stoelting snd

his co-workers78'79 in 1948,

The neuromuscular blocking aetivity of suxamethonium,
which wey be looked upon as bis acetylcholine (Fig.27,p.lll),
was discovered independenlly in 1949 by Fovet gi.g;igéﬁ and
by.PhillipsBl. Its neuromuscul-r blocking sctivity was

overlooked /
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overlooked by Hunt and Taveau>? (vho investigated this
compound in 1906), because their experimentsl technique
involved the use of cursre to imunobilise the

experisentzl aniarls. Althoush suxanethonium is a

potent neurowusculsr blocking agent it hre a short duration
of sction, This was believed to be because the molecule
of suxamethoniu§ was slmost completely hydrolyzed in the
organism by plesma cholinesterase, iHydrolysis first

tock place in two stages: Ifirst, feirly rapidly, to form

succinylmonocholine and cholineB> to 85,

and secondly,
much more slowly, to form sucecinie acid #né choline.

The paralysing efifect of euxemethoniun wes found not to be
antogonised by neostigmine or edrophonium snd was sctually
intensified and prolonged by theze two snticursre agents.
The phrrmecologiczl propertics of suxesethonium were also
studied by Castillo and de “eerS0 ang by de Teer and his
colieagu8987, and the first clinicel trisls were reported

by Drucke gﬁ,aliags

| 0
» Theslef2Sd and Hayrhofer snd Hasefurtha::?.
In relaxant doses, (provided that adequate cerbon dioxide
removal ie ensured) suxemethonium only affects neuromuscular

tranamissiongl.

Another interesting compound, benzoquinonium (Fig.28,

p.114). /
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A. Benzoquinomium Chloride
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CH3-O O~CH3
CHj H3C ¢ : .
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CH3-O N—(CHg)m—h—N O-CH3 | e a
CH3 (@] O"CH3

B Laudexium [odide

Figure 28, The structural formulae of bengo-
quinonium and laudexium.
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pell4), which h2d a high degree of neuromuscular blocking

92 but

activity was syntheslsed by Cevallito et alias
priuarily ee part of a programme of study of agents with
entibacteriel zctivity. It wag investig-ted
phermaoologicelly by Hopp993'94 in 1950. This compound
was found to be five times more potent than tubocurarine
vhen tested by mesns of the rsbbit head drop method, but -
in man it was only slightly more potent, while itas
duration of sction wes intermediste between thnt of
tubocurarine 2nd decamethoniunm, Benzoquinonium reduced
the etfectiveness of a subsequent injecticn of
daoamethoniumgz, and the muscul:sr relaxation caused by
this drug was potentiated by ether rnaesthesia® end was
not preceded by initial stimulation., In these respects.
it resembled tubocursrine but on the other hand ite
neuronugsculsxr blocking activity wes only pertislly and

irregularly antagonised by neostigmin396

eand was actually
intensified by edrophoniume The first elinical trial of
"this drug ss a muscle relaxent in sneesthetised patients
was reported by.Arrowcodgs. Berides its neuromusculsr
blocking action, benzoquinonium stimulated the vagus
canusing a marked increase in salivery and bronchisl

secretion, snd a tendency to brndycardiagﬁ'97.
Laudexium /
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Laudexium (Fig.28,pe114), another clinically useful
neurcmuscular blocking agent, wrs synthesised by Taylor
and Co0llier98,99 qurins an investigstion of a series of
decanethylene bis ~ 1:2:3:4 ~ telrahydro="—methyl
isoquinolinium salte. Ite pheracecologienl properties
were studied by Collier »nd ‘ncauleyi® in 1952, This
compound weg first used in clinic:l angesthesie by Bodman

et alialol

L

in 1952, In the rrbbit and the cat,

laudexium was wore potenty and in the rat snd the nouse

it wes less potent thrn tubocursrine. %hen tested on the
scistic nerve-~tibizlis muscle preparation of the cat, its
¢uration of action wee cbout 50 per cent longer than that
of tubocurzrine, deuronuscular block weg sntagonised by

192 .na nmarkedly potentiated by ether anaestheai%ﬂ3

neostignine
and its cuwaulative effect wse greater than thst of tuboocur-

arine.

A new series of aliphatic trigquaternsry ammonium
compounds (¥ig.29,p.117), in which the number of carbon atoms
between the quatermary nitrogen centres varied from five to
nine, were prepared snd examined for pharmacological
activity by Kensler gﬁq§1;g104 in 19%4, Two tynes of
activity were observed, nmuely, the production of

neuromuscular blockade »nd the inhibition of vagsl slowing
of /
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Figure 29. The structural formulae of

A, 5-(4-diethylzminobutyl)-l,9-bis diethyl eamino-
nonane triethobromide (R = C’2H5, Ny =Ky = N3 = 4)
and

Be Tetrskis-(dimethyl aminomethyl)-methsne tetra-
methobromide (SKF 2091),
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of the hesrt. The most potent conpound among this series
was found to be 5 - (4~diethylsminobutyl) - 1,9 - bis
diethyleminononane triethobromide (444E, Fig.29,A, p.117)
where R = C H5 end n,= n,= n 5= 4) which hnd about 40 per
cent of the activity of gallsﬂine when tested by the rsbbit
head drop test, Its mode of neuromusculsr blocking action
wag similer to thot of gnllamine and tubocursrine in that
in the kitten phrenic nerve~disphrezgm preparstion ite
paralysing effects vere santeagonised by edrophonium, gnd

it w:s found toc entagonise the stimulant notions of

acetylcholine on the iscleted frog rectus sbdoninis muscle,

when it wss found thet big and tris quaternsry
derivatives possegsed potent neuromnusculsr blocking
getivity, 1t wze not unnsturasl to expect = search to be
made for compounde containing even nore qusternsry nitrogen
atomns, Tetrakig - (diuethyleainomethyl) ~ methene tetra
methobromide (SXF 2091), the most potent of the series of
tetraquaternary aumonium esliphatie methoniun compounds,
was excmined by KXensler et ﬂ]lﬂ%gs The structural
forrula of thig co=nound is ghown in Eig.29,p.117. In the
kitten phrenic nerve~dinphragn prevsration this compound
showed neurorugculer blocking ectivity of o tr:e which

resesbled that of decrmethoniun ronther than that of
tubocurarine /
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tubocurarine in that (a) the bdlock wag not sntogonised

by neostigmine or edrophonium, (b) it nreduced

contreeture of the imolnted rectue ebdominie muscle of the
frog snd (¢) injection into the chicken nroduced a spastio

not & flsccid peralysie.

Alithough tubocurarine, gallamine, suxamethonium and
2 numnber of other muscle re:sxsnts sre beiug widely’used in
clinicnl prazctice and sre in genersl satisfactory, all of
them sre =t timee pullty of causing untoward side effects.
Histamine liberation and ganglion blocking ectivity arve
shown by tubocurarine, an inhibitory effect upon the cardiae
vagus is shown by gellamine snd o lack of suiteble
antidotes is » major disedventage in the use of decsmethone
ium end suxemethonium. ‘“he se~rch for the idezl auscle
relexant ¢an by no mesns be cousidered concluded end active
investigetions sre siill being esrried on in this field.
The grestest need is, without doubt, for s short seting
relaxant which scte by competition with scetylcholine
because,although suxzuethonium is ususlly satisfactory for
short surgiccl procedures, it causes initisl stimulstion of
the skeletzl muscles, a2nd occessionsl rerorts of prolonged

or, e
apuoea have appesred in the literature,t-¥» 107

A/




A series of aliphatic atrsight chein polymethylene
ethoniunm compounds having three =2nd four quaternsry centres
(Fign.%5,31 and 32, psges 171, 122 ond 1°3), which were
syuthesised by LZdwards and Stenlnk51080199, hsve been
investi;oted for neuroasusculsr blocking nctivity. These
compounds heve more than two qusternary centres and they
are all ethonium derivatives. ihis work hes been carried
cut for the following reasons, It was hoped to demonstrate
in this series not only neuromuscular blocking activity but
alsc gan:lion blocking, snd in consequence hypotensive,
activity. wanizlion block is not crused by any of the
compounds which have been investigsted, but their neuromsc-
uler blocking properties were so interesting that it was
thousht well worth while pursuing the study of this sspect.
In some of the irisqueternary coupoundes the nitrogen atom in
the centre bes been replaced by sulphur or by a non=-
ionised sulphone group (Fige 30,{(1) and %1). The methonium
analozue of compound dihexasulshonium (Fig.?1 (1)) was

also available.

The work described in this part of the thesis was
undertaken to investigrte the neuromuscular‘blocking
activity of these coumpounds in different species in order
to correlate the degree and type of muscle relsxant

setivity /
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+ +
(CaHs); N(CH,), SO, (CH2), N (CoHs); . 21

7-Dioxothiatridecanc - |: 13~ dis{tricthyl
ammonium lodide)
{(dihexonc)

+ + + -
(CaHs); N (CHy), N (CHy), N (CoHs)y - 317
CZH5 C2H5

A n-=6, 7:7- Diethyl-7-azoniatridecylene
bis (tricthylammonium) triiodide
(dihexaazonium)

B. 2=8, 9:9-Dicthyl-9-azoniaheptadecylene -
bss (triethylammonium) triiodide
(dioctaazoniuin)

C. n=10, 11: {1-Diethyl-11-azoniaheneicosylenc
bzs (triethylammonium) tritodide
(didecaazonium)

Figure 30,

The structursl formulase of dihexone,

dihexsgezonium, dioctzazonium and didecsazonium,

1

'Le
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+ .t + -
1. @@3Nmm%?@mknmm%.3u
CHjy
7-Methyl-7- thioniatridecylene &zs {tri-
methyl ammonium)triiodide. _
(dihexasulphonium trimethiodide)

+ + + -
2, (CﬁgsN(CHﬁn?Q%@nNQQHaa.m
CoHs

, ©-Ethyl-6-thioniaundecylenebis
(tricthylammonium) triiodide.
(dipentasulphonium)

B. n=6, 7-Ethyl-7-thioniatridecylencdis
(triethylammonium) triiodide.
(dihexasulphonium)

C. n=8, 9-Ethyl-9-thioniaheptadecylene
&zs (triethylammonium) trilodide.
(dioctasulphonium)

D. n=10, 11-Ethyl-I1-thioniaheneicosylene
bis(triethylammonmum)trijodide.
(didecasulphonium).

Figure 31, The structurrl formulme of dihexasulphon-
jum trimethiodide, dipentasulphonium, dihexasulphon-

ium, dioctasulphonium and didecasulphonium,




+ + + + -
(CHs); N (CHz), N (CHz), N (CH2), N (CyHg)y. 4
CoHs CHs CpHs CoHs

A. n=6, 7:7:14:14 - Tetracthyl-7:14 -diazoniacicosy-
Iene &1s (triethylammonium) tetraiodide
(trishexatetrazonium)

" B. @=10, M:11:22:22-Tetraethyl-11:22-diazoma-
dotriacontylene d:s(triethylammonium)
tetraiodide (trisdecatetrazonium)

Figure 32, The structursl formulae of

A, trighexatetmzonium andéd B, trisdecatetrszonium.
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activity with the chemieal structure. The relstionship
of phar:.acologicsl activity to chemicsl etyucture in the
nguroguscular blocking asgents is & couplex subject, An
apparently small alteration in molecular confisuration may
profoundly chtenge the type of action of o coupound and
cnage a larpge szlteration in potencye. Vell known
exemples of this are the changes in the neuromuscular
blocking activity brousht about by the replacement of
methyl by ethyl sroups on the gquaternary nitrogen atoms

of the neuromuasculer blocking agentsllﬁ to 116. The
distance between the gquaternary centres is also reported to
pe one of the :main fazetors upon which the potency and the
mechanisn of action of the neuroanuscular blocking agents
depend®2»TU,72,115 In this investigstion, the
reletionship of phroroacologiesl aectivity to chewmieal
structure of sone we..be:rn of the new series of compounds
hag been studled with reference to (a) the influence of

the length of the polynethylene chaina separating the
guaternary centres, (b) replacement of the centrsl
gquateruary nitrogen atom by a sulphone (30s) group or by

8 quaternary sulphonium group and (¢) the influence of

the number of guaternary ceutres present in the :zolecules.
In sddition, the activity of these compounds on the cardioe
vascular system, on grn;lionic transmission and on

respiration of the c¢nt have been studied /
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studied in some detail and comparisons with tubocurarine

have veen m:de€.

The aeries of compounds investigeted have now been
protected by letters pgtent and one‘oumpeund, dihexa=-
sulphonium, ie undergoing clinieal trial,
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Ao MATERIALSY
e

Throughout this section of the thesis, the names
of certain drugs have been abbrevisted, The liet of
druge uged in this section, together with their

shortened names, is a8 follows:

(1) Acetylcholine chleride i1s desecribed se acetylcholine.

(2) Atropine sulnhate . " " atropine.
(3) (+)~Tubocurarine
chloride " . ?*  tubocurarine.
(4) (~)=Adrenaline
hydrochloride o " * adrenaline,
(5) (=)«lioradrennline
bitartrate w " " noredrenaline.
(6) Himtaunine acid »
phosphate " o ¥ histnamine,
(7) 5-llydroxytryptemine
¢reatinine sulphate " » ®  S-hydroxy-
tryptamine,
(8) Hexamethonlum bromide " " * hexamethonium,
(9) becaethoniuwn iodide » » *  decamethonium.
(10) Heostigmine methyl
sulphate w * " neostigmine,
(11) Edrophonium chloride o o "  edrophonium,
(12) Eserine salicylate » " ®  eserine,
(13) Potzssium chloride ® . * potaseium,
(14) sodium pentobarvitone » . * pentobarbitone.

(15) /




(15)
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Ether aneesthetic is described ss ether.

The compounds investizated in this section of the

thesis, together with their shortened names, sre shown

below.. Their structurel forwulse sre shown in

Figures 30, 31 and 32, pages 121, 122 and 123,

1.

2e

3e

4.

5

6.

TeT=Dicthyl=T-szoniatridecylencbis(triethylemnmonium)
triiocdide is described ss dihexasgonium. (Fig.30,2A,)

939=Die thylegeazonisheptrdeeylenebis(triethylammonium)
triiodide is described ss dioctaazonium. (Fig.30,2B.)

1131l1-Diethylellezgonisheneicosylenebis(triethyl-
ammonium) triiodide ig described =s didecsazonium,
(Pige 30, 2C,)

717114 s14~"etreetnyl-T114-diazoniaeicosylensbis (tri-
ethylamnoniua) tetralodide is described as
irishexetetrasoniume (Figs 32, A,)

11311322 1 22-Tetraethyl=11122~diagonicdotriacontylene-
bis(triethylemuonium) tetrsiodide is described as

trigdecatetrazonium. (Fig. 32, B,.)

T=\ethyl=Twthioniatridecylenebig(trimethylammonium)
triiodide is described ms dihexasulphonium
trimethiodide. /




6.

Te

8.

Je

10,
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/trimethiodide. (Fige 31, (1).)

6-Ethyl-6-thioninundecylenebie (triethylanmonium)
trilodide is described as dipentasulphoniume

(E‘ig.‘ 31, gﬁtﬁ)

TwEthyle7=thioniatrideoylenebis (triethylamnonium)
triiodide is desoribed as dihexasulphonium,
(Fige 31, 2R.)

9-lithyl-9=-thioniaheptadecylenebis (triethylammonium)
triiodide is demcribed np diocteasulphonium,.

11-Ethyl-ll~thionisheneicosylenebis(triethylammonium)
trilodide is described =5 didecssulphonium,
(Figo 31. 2D, )

T-Dioxothiatridecasne-lil3-bis(triethylammonium)
iodide is described as dihexone, (Fiz. 30,(1).)

All the compounds asentioned in this secotion sre

aliphatic stralisht chain polymethylene derivatives, Tris~

hexatetrazoniun and trisdecstetrazonium each have four

quaternary nitrogen atoms whereas the others (excepting

dihexone) esch hLuve three q-aternary centres. The

quaternary /
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quaternary cenires in each compound are weperated by
relymethylene chaine of verying lengths (Figs. 30, 31 and
32 n=35, 6, 8 or 10). Dihexone is similar in
gtructure to dihexa:sonium and dihexasulphonium except that
the central § or § aton hae been replaced by a nonquaternary
sulphone (nSOg) ET0Up o This compound is therefore a
bisquaternary derivative, All the compounds described are
ethonium derivatives with ihe excepition of dihexasulphonium
trimethiodide which is the methyl analogue of dihexassulphone

ium and ie & methonium derivative. All the compounds

deseribed are freely soluble in water.

The composition eud methods of preparstion of sll
physioclogical ssline golutions used in this investigation
are to be found in Appendix I (pages 334 and 336).

The conventional sbbreviations of the metrie system

for volunes and weights are used throughout this thesise.
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1, Cat Gssirocnemius fluscle-~Seciatic Nerve Preoaration,

11100 o

Cats of elther sex, weighing between 2.0 and 5.0 kg,
were anacathetleed by meang of arn intraperitoneal injeetion
of sodium pentobarbitone. The commercisl solution
containing 60 mge per mls of smodium pentobarbitone
(Nembutal-Abbott) was employeds A dose of 60 mg. per kg.
wap usually adeguate for the pre&uction'of surgieal

anaesthesia within 10 $o 15 minutes.

Having enaesthetised the cat, the externsl Jugular
vein snd the traches were cammulated in o mannor similar to
that descyribed on pages 11 and 12 of this thesis. Having
completed the cannuletion of the treches and the external
Jugular vein, the 1t lcg wae prepesred for indirect
gtinulation of the gasirocnenius wmuscle yis the selatic
nerve., The gestrocnemiue muscle wrs partially dissected
free from the surrounding tissues, =nd the achilles tendon
sovered at a point near to ites insertion into the calceneus.
A ptrong linen thread wes tied around the free end of the
tendon, The leg wsngs held with its long sxis perpendiocularx

to /
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to the upersting teble and fixed rigidly by means of two
clamps, one at the knee joint end the other at the ankle
(Pige33, pelib)s . The thread tiecd to the achilles tendon
was led over pulleys and atlioched to a myograph lever, the
writing point of which was ndjusted so aa %0 record the
contractions of the nuscle ﬁpan.a moving smoked surfnce,
By‘maana of an incision usde throush the skin covering the
lateral aspect of the thigh, the sciatlc nerve vwas exposed
between the hausiring wuuscles, It woa then grurshed
proxinally bvetween the jaws of & pair of artery forceps,
and a pair of shielded ylatinum eieetrudés were placed
around the nerve distal to this point. ‘he nerve was
stimulated weins single shocks by means of a Dobble 'elnnes
square wave pgererntor at a frequency of 4 to 8 per minute,
at 10 to 20 velis, the pulee widih being 2.0 to 2,0 meseo,
In any one experinent frequency, voltage =und pulse width
were irept consiaaty bub in sone experivents the mnuscle was
also tetaniged indireetly by ueing a freguency of 1,500
impulses per minute:r znd in others the muscle wae also
stimulated directly at 40 volts after it had become
unresponsive Lo indirect stimuletion. The tension placed
upon the mugcle varied hetween 0.2 and 049 k¥g., snd in any

one experiment tension was kept constant. The tension
pivduced /
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Figure 33e Method of recording contractions of the
gastrocnemius muscle of the cat in response to

indirect stimulation wvia the sciatic nerve.
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produced by the eontraction of the muscle in response to
eleetrical.gtimulation varied from experiment to
experiment but usually rewained between 0,6 %0 0.8 kg,
The druge used were administered in the form of solutions
in noraal saline, Injection was made into the rubber
cornncction between the jugular vein canmula and the
burette. The solution of the drug was washed by meens

of 4 ml. of saline,

2, The Rabbit Heed Drop ldethod.

1 in 1941 but

This method was introduced by Holaday
the procedure wes first described in detail by Varmey et
gé;&?. ‘The procedure followed in the experimenta to be
described is & modification of that described,by;jurney.et
311&340 G
METHCD .

Rabbite of either sex, weighing between 1.5 and 3.0
kge,mere used. Nine rabbits were used for each druge. The
rabbits were placed into individual wooden bleeding boxes
in such a way that the head protruded through the opening
at the front of the box (I'iged4,psldd. The animals were
allowed to sit quletly in the cages for some time before

the experiment was atarted, In 8ll cases rabbits which
had /
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Figure 34~* Rrbbit Heed Drop Test*
I and II, Dbefore injection of drug.

Il and IV, ©pfter injection of drug*
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hed not nreviously been used for experimentel purposes

were employed. The drugs under test, and tubocurarine and
decemethonium, were diluted with norral sesline to give
solutions with & finnl drug concentration of 0,75 mge. per
ml, This wag injected throush & mearzlnsl ear vein, The
injection was made by means of 2 Palmer's slow infusion
spparatus at a constant rate of 1.4 ml. per minute using a
50 ml, 2ll glases ayringé connected by means of rubber
tubing to a "Mo,12" Record fitting hypodermic needle. The
needle was ingserted into one of the nargine! eer veins and
was held in plsce by meosns of a bulldog clip fixed jJust
peripherally to the pecint of puncture. A strip of sdhesive
tape wes used to fix the rubber tubing firmly to the ear.
The piston of the syringe was lubricated by wezns of liquid
paraffin before use, s0 as to ensure smooth running; After
making sure that 211 the air bubblea hed been expelled from
the eyringe snd the rubber tubing, the needle wos inserted
into the vein, the resiing of the syringe was roted and the
apparstus immedimtely switched one. The rabbit remained
quiet until & few minutes before the end-point wre resched,
when there was ususlly a brief period of restleseness,

Soon after this point wsse renched, the rabbit's hend began
to £211 but the unizel wes still able to raise it voluntarily,
Infusion /
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Infusion was stopped as goon ng the muscles of the neck
were fully relaxed snd itoneless, and the animal could no
longer ralse ite hesd in tasponse to & light tap on the
muggle . At this moment the rendinag of {the syringe wes
again noted, The difference beiween the two readings

| gave the volume of solution injected, The dose required
for head drop wss calculated and expressed in uge PEY Xge
of body weight (See Table 3, ps226)s The antagonism of
neostigaine tc the effects of the drugs injected, as well
as tc the effects of tubocursrine and decanmetlionium, was
also investigated, azain using groups of nine rabbita. For
thig purpose, a come of C,1 mge. per kge. of neocstigmine was
injected subcutanecusly into the rabbit 15 minutes before
the intravenous infuesion was started,. The rotio e« head
drop doge for the neostizmine-trcated animels / heed drop
doge Tor the untrested aninsls - wag determined. If this
value was grester than unity, this was interpreied as
evidence of neostigmine antsgonism and if less than unity,
ag evidence of pctentiatiom.hy necgtizmine of the

neuroauscular blocking effects of the compounds under test.

Je Duperiments upon Hice,

Estimation of the Approximate edian Parelysing Dose (PD50)
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Solutions of druge were injected intraperitoneelly
into mice of either gex, weighing between 20 and 30 g.
Groups of 10 mice were injected at different dose levels,
and were placed on a fine-mesh wire screen inclined at sn
engle of 50° to the horisontals ‘This method wase
originally used by Thomson® for the azsay of insulin in
mice, Those mice,which developed a typical skeletal
mascle paralysis and abruptly slid oif the screen within a
half~hour pericd after drug injection, were considered to
show & pogitive re=zction, The dose at which 5 out of 10
injected wice glid off the screen was considered to be the
gpproximate wedian parslysing dose (PD 50)s Thim wae

expressed in mg. per kye of the body weight.

46 Experinents upon Chicks,

Four to eight day old chicks were used in these experiments.
Drugs in sclubion in noriel saline were injected intrae-
peritoneally into groups of six chicks for each compound
(10 to 40 mg. per k:.),and the nature end mode of onset of
the paralysis which developed was cbserved.

5. Experiments using the Isocleted Rat Phrenic llerve-
Tiaphrepm Preparation.

ADTHOD
The /
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The procedure adopted was essentially that deacribed
by BMflbringd.  Adult yaie of oither sex were killed by s
blow on the hesd, the throats cut and the blood allowed to
drsin oute The rat weg then l»id on ite back upon a
cork-covered disseeting beoard to which it wee pinneds The
gkin over the chest weo removed wnd the thorsx opened
slonz the rizht side of the sternums The frontul part of
the ri ht thoracio well wes removed. The nediastinum
behind the siernum wes severed, and a cut was nade jJust
ghove the Tront»1 insertion of ithe diaphrorm. Caro wes
taken not ¢0 dsnmage the vhrenic nerve which is sometimes
agttached to the ribvs, The fronial part of the left
thorrele well wos then removed ent the phronie nerve exposed,
Both lobes of the left lung were ro oved, and the left
phrenic nerve c¢orefully freed fror fat and other tissuess
the utmost care wea teken not to injure it, The left
gbdominel muscles wore cut slong; the costsl margin,
Holding the last xib with a pair of forceps, a segment of
diaphrosm was then dissecied oute Two convercing outs were
made throush the ribs btowmrds the tendinous part of the
dinphragm, snd peprallel to the direction of ite suscle fibres,
The cutls woere mede about 5§ nme t0 the vight "nd 5 m, to the
left of the point where the purenic nerve entered the
dinphragme /
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diaphra e The sirip of disphram waw dissected out
beyond ite tendinous part with about 5 cme of phrenic nerve
attached to ite The final pre.aration was fan-shaped,
bein; 2 :me vide at the fendinocus end and about 20 wm, wide
gt the gostel argin. The costal margln of the diaphragm
segrent was fized to @ Je-shasped glase rod by uzeans of
platinum wireg, snd a thread was tied sround the tendinous
end. The preparatlion wes then set up in s 100 ml, organ
bath (F17435,p«154) conteining double glucose Tyrode's
golution. The J-plece held the coetal wargin of the
segnent in position at the boutom of the organ bath, while
the threzad tled at the tendinous end was fixed to a light
isotonic heart lever writiang upon a groked drum surface,
Tyrode's solution,containing double the ususl amount of
glucose, wap aupplied bto the baith frou a reservoir vig the
heating collss. The terperature of the bath wes maintained
thermostatically at 29i»055°ﬂa A sintered glass
distribution tube wes fixed &t the bottom of the bath to
provide & vigorous supply of oxygen with which the bath
fluld was acrsted in a form ol fine bubbless A thread was
now tiedé to ithe cut end of the phrenic uerve and, by means
of a fine needle, about one cme of the phreuic nerve wae
drawn into a Tluid eleetroﬁe“. The {fluid electirode

vontaining /
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E]‘_Starlinq Heart
) Lever :

..Fresh
Tyrode's
Solution

Lzads to

Fluid electrode-1-" |5

Phrenic nerve-—~{"" |

Diaphragm-—--1--- 5

_Heater

100ml organ---*
bath

J' Piece with ] 7 m
platinum wire 7 ” Y

Sintered Glass lWatc Pre-heating
bubbler bottle

Figure 35, Diasgram of the =spperstus used for

recording contractions of the kitten or reot

diaphragm produced by electrical stimulstion

of the phrenic nerve,
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containing the nerve weos filled with double glucose
Tyrode's solution and the hole at the bottom of the
electrode wes sealed off with soft parsffin, By this
arranzement, the fluid surrounding the nerve at the point
of gtimulation was nol in electrical contact with the
f£luid surrounding the muscle in the bath, The nerve was
left suffieiently slack to sllow for any movement ¢aused
by the contraction of the diaphrazm, Single aquare wave
impulses were spplied to the nerve by means of a Dobbie
delnnes' square wave generator at a frequency of 6 to 10
per ainute, at 8 to 12 volts, the pulse width being 0.5
to 2.0 msecs. In my one experiment frequency, voltage

and width were kept constante.

Drugs (in solution in double glucoge Tyrode's
golution) were added to the beth by mesns of a 1 ml.
tuberculin syringe; The drug was allowed to act for three
minutes after which the Tyrode's solution in the bath was
chanzed. Between the addition of one dose of the drug
and the sdiition of the next, ihere was en interval of
about 15 minuﬁes during which the Tyrode's solution was

changed several tiues.

West® ohserved that the preparrtion gave a constant

response /
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response of good wagnitude for 2 longer period, if the
temparature of the bath was lowered from 37°C to 20°C.

He also found that the rate of recovery of the muscle
after the addition of e dose of tubucursrine wrs greatly
accelerated by =dding potassium chloride to the bath after
. theAtubecurarine had been washed out, In the present

- series of experiients, it wes observed that lowering the
bath temperature from 37°C to 29°C ﬁithout addition of
potassium chloride grve a satisfeetory recovery, and that
the magnitude of the muscle contraction was maintained in

& sstisfactory manner,.

CheﬁT s Woing the phrenic nerve-~diaphraszgm preparetion
for the assay of cursre-like subatances, allowed the
solution of tubocurcrine to act for 3 minutes, In the
experinents described in this section, this feature of
Chou's technique was adopted becsuse it was thought that
1 the drug wes ellowed to act upon the tissue for long
enough to produce its waxiael effect, then so much time
would be needed@ to wasgh the drug off the recentors thot
few comparisons could be made upon one prensration,

Ge Experiments eonrricd out on the Hititen Phreni¢e Nervee
Diaphraga Preparation,

Detaile ol ihe relstive potency of curere-like

coapounds /
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conpounds and tubocurarine on the phrenic nerve diephregm
preparation of different species of aninals were
published by WienB who found that the triethyliodide of
tri (diethyleminocethoxy) = 1 = 2 = 3 benzene wes equnl in
potency to tﬁbocurnrine on the disphragm of the rabbit,
hed one~fifth of fhe potency of tubocurarine on the
diaphragm of the kitten, but poesessed less thsn one-
hundredth of the potency of tubocurarine on the diaphragm
of the rat, the wide species variations of potency
among neuromuscular blocking agents is one of the striking
features of this group of compounds.g It wes therefore
decided to observe the eifects of these compounds upon
sinilar preparations obtained froﬁ different species of
aninale With this object in view, it was decided to use
the kitten phrenic nerve~diaphragm preparation as well as

that teken frowm the rat,

METHOD .
The dispection and method of assembly of the
preparation wae similar to that deacribed for the rat

phrenic nerve diaphragm preparation (see p.152).

Kittens of either mex, weighing between 209 and 400 g,
were used. The muscle was stlnulrted indirectly vis the
phrenic nerve Ly gqusre weve Looulucg from o Lonbhis elnnes

stiwlator, /
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stinmlator (10 volts, 8 per minute, pulse width 1.0 to

30 m@ﬂ'ﬂb)c

It was found that this preparsiion wss as satisfactory
as the ret phrenic nerve diaphragpn preparation, slthough
Bﬂlbring4 observed that even with single shocks given at
the slow rate of 5 per minute, the musele twitches slowly
declined in megnitude, It wes found, however, in this
Investigation that nuscle twitch heisht was uniform and
the recovery after tubocursrine end other neuromuscular
blocking agents was sstisfretory for many hours, even when

the rate of stiwulstion wes as much as 10 per nminute,

Te Experivents using the Isolated Frog Rectus
Abdominia Huscle,

METHOD o

The prepar-tion way set up as described in page 33
of this thesiss. Acetylcholine and decamethonium were
dissolved in frog Ringer's solution to give the concentrat-
ion required and added to the bath by means of a tuberculin

sayringe fltted with a sultable rocord fititing needle,

In all experizents at lengt two uniform submaxinal
contractions to the soue dose of either ncetylcholine or

dec¢riue thonium woere obionined before the effects of any of
the /
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the drugs under ilavestigetion woere gtudied, The. tine
interval between eaeh'éoae of acetylcholine wos six
ninutesy the resulting contrzetione were recorded for
ninety seconds, In the enge of decsmethonium, sufficient
tine (about thirty minutes) wes sllowed for the ruscle

to regain its original length after the contraction, and
the contracticns were recorded for periods of two to

three ninutes. In erch case the drug being investigated
was pdded one minute before the =ddition of aceitylcholine
or decamethonium, The muscle wns waghed with fresh frog
Ringer's solution between each dose of scetylcholine or
decanethonium, Refore the next addition oif the drug
under test, sufficient tine was allowed for the muscle to
reguin ite original length. Several additicns to the bath
of ccetylicholine or deceaethoniun were needed for complete
recoverys, Jhe length of {time taken depended upon the
size ol the dose of the drug added to the bath, The
eoncentr..tionag of stimulant drugs used to produce
contractions of the =muscle were from 0,10 to 0420 ug. per
mle of acetylcholine, and from 1.5 to 2.5 uge per ml, of
decamethonium,. The =zpparastus uged for these experiments

is shown in Figure 4,pege 35,

{3 - /’l
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8, Experinents on the Plood Pressure of the
Annesthetised Cet,

MuTHOD »

Gaté of either sex, weirhing between ?.O}and 345 kg,
wére uaed; Induction of ecnaesthesin, dissection and
aggermbling of the prepsration sre descerited on pages 1l‘to 13
ef this thesis, The blood pressurs was recorded'from
the comsmon cnrotid artery, snd druge were sdministered via

the external Jusular vein,

Qe Exnevyiaents on ths Liectiteting Jembrane of the
Anaesthetised Cat,

MELHOD

Cats of either sex, weilghing between 2,0 and 3.5 kg,
were used. The est wes svgesthetised by means of an
intraperitoneal injection of 60 mg. per kge sodium
peniobarvitone (see pegell,). The preparation was then
get up in a2 nanner similar to that degeribed on page 36
of this thegis., ihe contrsetion of the nictitsting
menbrene wag elicited by stiwulation of the cervieal
gynpathetic by wenrus of square lmpulses @t a frequency of
800 to 1,200 per ainute, 10 to 12 volts, pulse width 0,5
to 1.5 msecs In any ome experizent frequaency of

gtinulation, volto e snd osuloce width were constont, The
nerve /
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nerve won stimulsted at % ainute intervals for periods

of 15 to 20 seconds at a tiue, Having obiained standard
reproducible responges of the nictiteting membrane by
gtimulating the nerve trunk, drugs were injected into the
externel jugulaf vein one minute before the next period
of stizulation. The next injeetion of drug was not made
until the contractiong of the nictiteting mernbrane had
regained their original height.

10, Bxperinents on the Heapiration of the Ansesthetised
Cate

HMETHOU

In these ewperiments heelthy cats of elther sgex,
weighing frow le5 0 2.5 kge, were used. Anmesthesia was
induced by 00 wzge per e of sodiunm pentovarbitone injected
intraperitonenlliy. the external jusuler vein snd the
téachaa were cannulated In a way similer to that deseribed
in pages 11 and 12. Respiratory movements were recorded dy
mgeng of & thread sewn into the skin of the epigastriux.
This was led over pulleys and aibtached to s recording
laver having a frontal writing point. After ovtaining
e standard yecord of the respirastory movesenis for & pveriod
of aboul fifteen minuicg, the drug solubion was infused

into the external jugulesr veln at a counstint rate of N.8

a1l " /
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nle per minute from a Palmer's slow infusion ap aratus.
The druz was in solution in normal ssline and in all
caseg the strensth of solution was 0.2 m, per nl. The
infusion wes stopped &a soon ans apontaneous respiration
cexsed, and the volune of the solutlon which had been
injected noted, The ecat was then placed under
artificisl respirstion,

11, Ixperisents on Isolasited Perfused Rabbit and
Kitten Hearts,

METHOD

The preparstion was set up in a manner similar to
that described on page 20 of thig thesis,. Drugs
dissolved in Locke's golution were injeeted into the rubdber
tubing atteched to the soriic cemmuls by weans of a one
nl, tuberculin syringe fitted with a "number 20" record
fitting needles The heart rate wns counted by
inspection, :nd the outflow was messured by colleeting the
pexrfusate for s period of one minute, st five minute
intervals, after each injection of the drug. In some
experinenis, the outilow wus messured by meens of Gaddum's
outflow recorder.

12, Experisents carried out szing the Isolated Rabbit
Duodenun,

Jj.i”)i.ﬁﬁ ] -
“he /
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The experimemntnl procedure was similar to that
deseribed on page 32 of this thesis, The drug, in
solution in Locke's solution, was added to the bath by
means of & tuberculin oyringe and the effect ohamerved for
ninety secondes. A% the end of this period the fluid
in the bath was replaced geverszl times by running in

fresh Locke's solution,

13. Experiments carried out Using the Tsolated
Guiren Pipg Tleum.

MTHOD,

The experimental procedure wasg similar to that
described on paze 29 of this thesis. The gtimulant drug
used was acetylcholine which was added at three minute
inpérvale and left in contact with the tissue for thirty
secondss The drug under teat was added to the bath by
hand one minute before the next automatic inflow of
acetyieholina. The contractions were allowed to return

to a constant level before the next addition of the drug

under inveastigation.

l4. ixperisents on the rerfused Lat Hindguariters.

FETHOD o
The expericentsal procedure wes gimilsar to that

¢escribved /
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described on page 20 of this theeis, Drugs dissolved

in ilocke's solution were injected into the injection

" eannule by meens of e tuberculin syringe Titted with

a "number 20% recoxd fitting hypodermic needle.

15, Txperizents upon iice.

Determination of the Approximate Median
Lethal Dose,

UBTHOD . |

In these experinents drugs were administered by
intreperitone-l injection inte groups of ten mice, each
mouse welizshing between 20 and 30 z. The weighits of the
individual members of esch group were approximately equal
to & variation of not wore than % 0,5 ge - The dose at
which five out of ten mice died within half-an~hour wae
taken as the medisn lethal dose (LD 50) for that
particular group of mice, and was expressed in terms of
rge por kze 6f the body weight,
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RESULTS .

1, Cat Gastrocnemius Muscle-~Scilatic Nerve Preparation,

(A) NHeuromuscular blocking sctivity, All of the

compounds which were tested reduced the twitch height of
the gastrocnexmius muscle in response to indirect
gtimulition yis the scistic nerve., There w:s incomplete,
or complete, neuronuscular block depending upon the dose

adninistereds The block wess completely reversible.

The compounds dipentssulphonium, éihexssulvhonium,
dihexaszonium, didecasulphonium and didecsagonium coused
about 50 per cent reduction of the anplitude of the muécle
~ twitch when doses from U.15 to 04?0 mie per k. were
injected, vhereas 0.30 to 0.35 mz,. per kge. was needed to
osuse complete neuromuscul:r block, The domes needed to
produce these effects were couparable in magnitude with the
deaeavef tubocurarine required to produce similar effects

on twitch height.

The compounds dihexzsulphonium trimethiodide, diocte=
sulphonium, dlioctaazonium, dihexone and trisdecatetragzonium
were less potent then tubocurarine, #nd in order to produce

equivalent effects doses, which were from between two to

eizght /
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eight times grester than those of tubocursrine, were
needed, Trishex:tetrazonium was about three times more
potent then tubocursrine and about 0,10 mg, per kg. was

needed to cause coaplete block,

‘he durstion of neuromuscular block depended upon the
magnitude of the dose injected as well as upon the number
of doses which hnd been administered. The bigger the
dose, the more prolonged was the duration of effect.
Neuromuscular block was more prolonged following the second
injection of the same dose than it was following the first
dose,  Block caused by the third and gimiler dose was

of longer duration thsn that following the second dose.

Then neuronusculsr bloek foilowing adwministration of
apy one of the compounds, dipentssulohoniunm, dihexasulphonium
trimethiodide, dihexasulphoniumn, dihexsagonium, diocctsw
sulphonium, dioctaszonium end trishexatetrazonium, was just
gomplete the durantion of block wae about 30 minutes, The
maxizum degree of neurosusculsr block wae usually reached
within 1 to 2 minutes following the injection. In this
respect all of the compounds referred to behaved in a
gimilar way, The type of effect observed resembled that
produced by an equipotent dose of tubocurarine. Dihexone

showed /
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ghowed similar properties but the duration of effeet was
a2 little longer. Figures %6, 37 and 38 (pages 169,170 and
171) illustrated the type of neuromusculer block eaused by

gone 0f these coupouncs.

The duration of block cmused by didecasulphonium,
didecoagonium and irisdecatetragonium was different from
that produced by tubocursrine, If a dose wrs selected so
as to produce =n apyroximately 80 per cent block, about one
and a half hours were needed for complete recovery,
Pollowing s subsequent =nd similar dose of the same drug
(given ~fter conplote recovery), the duration of bloock was
mach more prolongzed,. These three cowpounds appenred to
possess from two to four times the durmtion of effeot of
tubocurarine siven in an eocuinotent dose. The onset of
neuromnuscular block ¢ umed by these compounds wss gradual
and the maximum dezree of block was usually not reasched
until.aheut 10 winutes after the adminlstration of the drug
(Fize 38, b and o).

Potentiastion of twitch hei ht was only observed after
injection of dldecasgonium (Filg. 38,c)s Potentiation of
twiteh heigbt after didecaazonium was accompanied by
generaliged fasciculatory movements of the skeletal muscles,

“1though /
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Figure 36* Cat gastrocnemiue-sciatic preparation*

Pentobarbitone anaesthesia# Indirect stimulat-
ion via sciatic nerve. Contraction downwards#

Drugs administered intravenously.

(@) At A, trishexatetrazoniuni 0.05 mg# perkg.
(b) At B, tubocurarine 0.15 mg# per kg.
(c) At C# dioctaazonium 0.30 ragff per kg.

(d) At £, dihexone 1.50 mg+ per kg#
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Figure 37. Cat gastrocnemiua-oelatic preparation#
Fentobarbitone anaesthesia# Indirect stimulate
ion via scilatic nerve* Contraction downwardsi#
Drugs administered intravenously#

(@) At A, dihexé&sulphonium O#15 mg# per kag#
At B, dipontesulphonium 0*15 mg* per kg#
(b) At C, dihexasulphonium 0.50 mg# per kgt
At 1), dipentasulphonium 0#50 mg. per kg#



n 082

9999414

FjUflire 38% Cat gé&strocnemius-sciatic preparation*
Pentobarbitone anaesthesia* Indirect stimulat-
ion via scilatic nerve. Contraction downwards.
Drugs administered intravenously.

(@) At A, tubocurarin® 0.25 mg*per kg.
(b) At B, dideeasulphonium 0.30 mg. per kg.

(c) At C, didecaassonium 0.25 mg. per kg*
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Aivhough there was no inereasse in twitoch height, a similar
fasciculatory response was observed following injection of
didecssulphonium and trisdecetetragonium. As 2 rule,
muscular faseciculations were intermittent in nature and
ap-enred in a few groups of -uscles at a time, Vhen
bigger duses were used, the nuscul.r movements observed
were very vigorouse dugcular fasciculation was never
observed following administreiion of any of the other
compounds ¢ The gastrocnemius muscle responded to direct
electrieal stimulation during the pericd of interription of
nerve~impulse transmission. in each osse the amplitude

of the muscle conitrpction fo:lowing direet siinulation
during complete neuromuscular blockade wnos less than that
obtained following direet stimulstion before injeotion of
the drug. This inolc:tes some uegree of direct depressant
action upon the auscle which is also cbserved when
tubocuravine is used. A typicel exaumple of this kind of
effect is shown in ¥Figure %9, page 173« The anplitude of
the muscle contraction on direct stimulation after complete
neurozuscular block was from 20 to 40 per cent of the
control height following didecesulphonium znd irisdecatetre=-
zonium, while in the c¢:se of the other compounds the
amplitude veried from 30 to 80 per cent of the value obtained

before /
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Cat gaetrocnemius-sciatic preparation.

Pentobarbitone anaesthesia*

via sciatic nerve*

Contraction downwards *

intravenously#
At p# direct stimulation
At 23 indirect stimulation
At C, dipentasulphonium
At g# edrophonium
At C# dihexasulphonium
At edrophonium
At 3, dihexaazonium
At edrophonium
At (# trishexatetrazonium

At

edrophonium

(@)

Indirect stimulation

B

otgo

Oe O

0.20
0.20
0.06
0.50

Drugs administered

mg. per
mg. per
mg. per
. per
mg ® per
mg. per
mg. per
per

Direct stimulation at 40 volts*

kg

kg
kg

kg
kg
kg

173
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before injection of the drug.

Subsequent doses of the pame drug given after complete
recovery appecsred to produce zn incressed effects This
effect wes demonstrated in the ert gmstrocnemius musclew
sciatic nerve preparation, and ie shown in Flgure 40,
pagel75 4« - A similor effect wasm seen wheﬁ tubocursrine
wes used, (Fig.40,3.) In this figure, if part b is
eonsidered, it can be seen that the first doge of
0.30 mge per kge of diocctaazonium reduced the twitch height
by about 15 per cent snd the srepzration required 8 minutes
for recoverys the mecond and similar dose sdministered
10 minutes after the firet dcae resulted in a depression of
about 40 per cent and needed 16 minutes for recoverys The
effeef ef third injection of = similar doase of»dioota~
azonium csused the twitch helght to bLe depresszed by about
90 pex cent snd required shout 30 minules for complete
TECOVETry. the effect of the fourth duss can be seen not
to differ significently from thet of the third dose. That
further cumulstion was not ftoking place surrested thet the
neriod of 30 minutes between injections rllowed a sufficient
amount of the drug to be clitinsted 4o brlencethe effects of
 any dose subsequently civen. All the compounds behaved in
2 slmllar fashion with the exception of didecssulphonium,

didecsazonium /
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Figure 40* Cat gsstrocnemlus-sciatic preparation*

Pentobarbitone anaesthesia* Indirect stimulation via
sciatic nerve* Contraction downwards* Drugs
administered intravenously*

(a) At A, tubocurarin®© 0*075 mg* per kg*
(b) At A9 dioctaazoniura 0*30 iag* per kg*
There was an interval of 40 minutes between (i) and (ii)*
(c) At A# dihexaezonium 0*20 mg* per kg*

There was an Interval of 25 minute® between (i) and (ii)*
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didecaasoniun and irisdecatetraszonium, which showed less

tendency to produce cumulative effecis,

(B) Pffect of Indircet Tetenizotion of the | 'sriially
Llocked scle,

If the muscles parily blocked by tubocursrine are
tetanized indirectly the tenaion rspidly waneal'g.
Previous tetsnizction decreases the intensity oi the
neuronuscular block piciuced by tubteursrine or by other
drugs heving & siwiley mechornism of sctianlvz. In
contrust to this, tetunisation does not affect the intensity
of a neuromusculsr block cuused by decsmethonium or other
depolarizing sgents, snd the tetanue is well maintained in
eat suscles in which »2srtierl nesurcisuaculsar bloek hes beanx

prﬂaucedl'3’4'

Then the cospounde under test were used, the effects
obaerved were of two distinet types, Some behaved in a
similér way to tubocursrine, while others had properties in
common with decanethoniunme The compounds dipentasulphoniun,
dihexasulphonium trimethiodide, dihexasulphonium, dehexa=
azonium, dinexone, dioctaazonium, didecasulshonium and
trishexatetragonium were of the former groun and the
compounds, diocctwsulphonium, didecszezonium and trisdeca~
tetragonium were of the latter, It was observed that the
tetanic /
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tetanic response uf a noraal muscle was well sustained, i.e.
the tension did not wane, In Figures 41, 42 and 43,
(pages 178,179 and 180) the results of a typical experiment
are shown, FPigures 41 and 42 show the poorly sustained
responses of the muaclé, tetanized indirectly vis the
pcintic nerve, when pnrtly blocked by dioctaazonium (Pig.4l,a),
didecasulphonium (Figz. 41,b), dihexaszonium (Fig. 41,0),
dihexasulphonium (Fige. 41,e), trishexatetrazonium (Fig.42,b),
dipentasulphonium (¥igz.42,¢) or by dihexone (Fig., 42,d).
These effects ore compsred with those seen in the muscle
partly blocked by tubocursrine (¥Fig. 42,a), decamethonium
(Fig. 42,e), and of untrested muscle (¥Fiz. 41,d)e TFisure
4% ghows well susteined tension of the tetrnized muscle
partly blocked by dioctasulphonium (Fig. 43%,a), trisdeca-
tetragonium (Fig. 43,b), didecsagonium (Fig. 43,0) and
decamethonium (Fig. 43%,e) which are compsred with the well
sustained tension of normal muscle (Pig. 43,4) during
indirect tetanization, Indirect totanization during
neuremuacula? block coused by didecangonium, itrisdecatetra-
gonium snd didecasulphonium, has no influence on the degree
of block and is shown in perts b, ¢, »2nd 4 of Figure 44
(page 181). n contrest to these observntions, the

mnuscle twitch amplitude during neuromuscular block following

the use of dipentasulphonium, dihexasulphonium trimethiodide,

dihexasulphonium /
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ffi‘ure 41* Cat gaotroonemlus-aciatio preparation#
Pentobarbitone anaesthesia## Contraction downwards#
Drugs administered intravenously#

At 2, indirect tetanisation via sciatic nerve* during

(@) partial block following diocta&aontum 0#2Q mgi# per kg.

®) * didecasulphonium G.20 mg# per kgi#
(c) * * * dihexaaaonium 0#06 mg* per kgi
©) * " * dihexasulphonium O0#10 mg# per kgi

(d) no drug administered#



Figure 42» Oat gastrocnemiuB-sciatio preparation.
Pentobarbitone anaesthesia. Contraction downwards.

Drugs administered intravenously.

At £, indirect tetanization of the gastrocnemius
(1500 impulses per minute) via the sciatic
nerve during partial block by

(a) tubocurarlne 0 .05 mgeper kg.
(b) trishexatetrasonium 0.02 iag. per kg.
(c) dipentasulphonium 0*05 mg. ner kg.
(d) dihexone 1.0 mg. per kg.
(e) dec”methonium 0.02 mg. per kg.



Piffure 45* Cat gastrocnemius~sciatic preparation*

Pentobarbitone anaesthesia* Contractions downwards.
Drugs administered intravenously*

At T, indirect tetanisation wvia sciatic nerve (1500
impulses per minute) during partial block by

(a) dioctaeulphoniuia (b) trisdeoatetrazoniua
(c) didecaasonium (e) decnmethonium

and untreated muscle (d).
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Figure 44+ Oat gastroenemiue-sciatic preparation.

Pentobarbitone anaesthesia. Contraction downwards.

Drugs administered intravenously.

At T# indirect tetanization of the gastrocnemius

(1500
nerve
(@)

®)

(c)

(d)

impulses per minute) wvia the sciatic

during partialblock by

dioctaazoniu® 0.10mg. per kg*
did©caasonium 0.10 " " M
trisdecatetrazon-

iua 0.10 " ”

dideeasulphonium 0*20 =* * *



dihexasulphonium, dihexaezonium, dihexone, dioctasulphonium,
dioccteazonium and trishexatetrazonium 1s temporarily
increased (decursrigation) by indirect tetanization, This
is shown in part *a' of Figure 44 (page 181), which
1llustrates & typienl exsomple of this type of effect.
Although the tension of the tetanized muscle is fairly well
mainteined during block by dioctasulphonium, indirect
tetanization produces some degree of temporary decurarige

ation (Fig. _4-3,(&), P0180>o

(C) The Effect of tubocurarine, The effect of the

different competitive neuromuscular blocking agents ise
additive5 and that of depolarizing agents antogonistic to
the block produced by them in the cat muscle-nerve
pr@parationﬁ'Y. In sttempting to elucidrte the mechanism
of =ction of mew cowpounds with neuromuscular blocking
gotivity, these facts sre very important snd it was there-
fore éaei&ed to investignte whether the effects of the

drugs being studied were additive with or antagonistic to
tubocurarine. If these druge have the some mechanism of
action as tubocursrine, then the neuromusculer blocking
effects of any one of them would be expected to summate with
that of tubocurarine., To investigste this point, s dose of

one of the new compounds and a dose of tubocurarine were

selected /
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- selected to produce, when given slone, a measurable but

not intense neuromusculsr depression of comparsble degree.
¥When the doae of eny one of the compounds dipentasulphonium,
dihexasulphoniun trimethicdide, dihexasulphonium, dihexa-
agonium, dihexone, dioctssulphonium, dioctaszonium and
Irishexatetrazonium was followed by 2 selected dose of
tubocurarine given at the point of msximel effect of the
former agents, the extent oif neurosausculsr block wee
further incressed, The seme end result oceurrcd when the
order of administrstion of the two drugs wes reversed,
Figzure 45, (page 184 ), shows typical effects observed in
this perticuler type of experiment. In thie figure, the
dose of dinexceulohonium (H .06 rz. per ko.) and the dose of
tubocurarine (.06 nge per kue) were selected to produce a
neuromusculsr block of sbout 3 per cent (perts I and IX

of Pige 45)e  +hen the dose of dihexssulphonium waes
followed by a dose of tubocurarine at tie point of maximal
depression, the degree of neuroamuscular block was inoreased
te about 60 per cent (part 1II of Fige 45)s Approximately
the sane aud{reault occurred when the order of sdministrate
ion of dihexasulphonlium s2nd tubocurarine was reversed

(port IV of Fige 45). The etfect of two consecutive
injections of eithexr dihexasulphoniun or tubocurarine wes

in /




Figure 45* Oat gastrocnemius made-sciatic nerve
prepare'sion* Fentobarbitone anaesthesia* Indirect
stimulation via sciatic nerve¥* Contraction down-
wards* Drug® administered intravenously*

At Af 'dihexasulphonium 0%*06 mg* per kg*
At B# tuboeursrine 0*06 mg* per kg*
At Cfi edrophonium GHE>0 ng* per kg*
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in no way different fron the aixed responses {(parts V and

VI of 7ise 45)e This effect wee typical of thoase

observed with dipentasulphonium, dihexssulphonium triueth-
iodide, dinexssulphenium, dlhexmezonium, dihexone, dioccta=-
sulphonium, diccisazonium and irishexstetrazonium, all of
whioh had additive effects with tubocurarine os well =a

with one another., The effeets of didecasulphonium, dideca-
agoniun and trisdecstetrazonium, when given in sequence with
tubocurarine woxe different. Thieg is 1llustrsted in
Figures 46 ond 47, paes 186 and 187, In part b of Figure
46, = dose of didecssulshoulua (V.50 nge per ko.) ané a

dose of tubccurrrine (U.2% wge per ks.) were gelected to
produce incowplets but measurable neurorusculsar bloeking
effectas “hen the douse of didecssulphonium had produced
its wsaximum depressent effect, it was folloved dy the dose
of tubocurayine snd the extent of the neuromuscular block
was further increased. On the other hand when the dose
of tubocurarine wes followed by the dose of didesasulphonium,
at the peint/ef maximel depression ceused by tubocurarine
the twitch helgsht was lucrensed instemd of being further
depressed (rige. 47, part a), an offect which would not be
expecoted il bolh druus powsessed the sawe aochauniem of
actiune. videcasgunium sad lriadecstetrazoniun behaved in

a/




Figure 46¢ Cat gastrocnemius-sciatic preparation*
Pentobarbitone anaesthesia* Indirect stimulation
via sciatic nervee Contraction downwards. Drugs
administered intravenously*

(@) At k Xrisdeoatetraé&onlum 0*50 rag. per kg*

at B¢ trisdecatetrasoniua 0*75mg. per kg*
At O, tubocurarin® 0*20 mg* per kg*
(b) At kgdldecasulphonium 0.50 s=g. per kg*
At Bf tubocurarin® 0.25 tag* per kg.
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Figure 47. Gat gastrocnemius-seiatic preparation.
Dentobsrbitone anaesthesia. Indirect stimulation
via sciatic nerve. Contraction downwards.

Drugs administered intravenously.

(@) At A# tubocurarine 0.15 mg* perkg.
At B, dideeaajé&onium 0.50 mg. perkg.
At C, tubocurarin®© 0.10 mg. perkg.
At D# didecé&sulphoniura 0.30 mg. perkg.
(b) At B# tubocurarin® 0.1? mg. perkg.

At F, triadecntetmEonium 0,70 mg. perkg.
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a similar wey o didecasulphonium {Figs, 46 and 47).

¢hen the gome experiment was done usirg didecssulphoniunm,
didecaszonium or trisdecatetrazonium with decamethonium,
the effect observed wes an ~dditive one lrrespective of
whether the dose of éeenmethanium‘emﬁloy@d vwies Followed,
or sreceded by the doze of dideceasulphonium, didecsazonium
or trigdecatetrazonium (Fipe. 60 and €2, nages 213 anmd 217
These drugs hed mtuslly cdditive effects, This feature
of the sotions of didecnsulphonium, didecaszonium and
trigsdecatetrazoniun 1s shared with decamethonium rather

thrn with tudbocurarive.

(D) Effect of ether snaesthesia., Ither snaesthesia

has been reported to incresse the efifects of competitive
neﬁramuacular blocking agents3’8 s Wheress the neurcmusoulsy
block csused by depolarizing agents is either unaffected

or antagonimed by this agentg. This point was investigated
with rmspeet to esch member of the group of compounds

1isted in pages 141 and 142 « A dose was seleoted which
produced a reasursble neuromuscular block (ebout 20 to S0
per cent)e [he sane dose was repected in the preeence of
ether anmesthesia. Imnedintely after injection of the
drug, ether vapour was administered for a period of ten

minutes to the pentobarbitone-~snaegsthetised cat from a
bottle /
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bottle connected to the srtificirl regpirstion pumpe The
degree of inhibition of the musele twiteh by the same dose
of the druz injected befors ond during ether anregthesia
wags compared, The effects of =211 the compounds,except
didecasulchoniun, didecnszoniun snd trisdecnatetragoniun,
were potentisted and vnrolonged by ether ansesthesia, The
effect of didecssulphonium was glightly potentiated by
ether an&eﬁthesia.; T™e effects of ether anaesthesis upon
the effecta of didecaszonium end irisdecatetrazonium eould
not be investigried due te the very prolonged effect of
these cowpounde and incouplete recoverye Some typicel
tracings obtsined from these experinents are shown in

Fimares 48 snd 43, »sges 190 and 191,

{E) Studies on druz antagoniem. The neuromuscular

block produced by tubocurarine or other substances having

the szwe mechonism ol action ia antagonised by depolarising

11 12,13
»

&ruga7’9’1&, anticholinesterases™, edrophonium

14 15

adrenaline and potesgium ions™”, Anticholinesterases

-

inorease the neuromusculsr blocking activity of depolarising

agentsletl7. Edrophonium has either no effect on or

potentiates & devolarigation bloeklg’ls.

Neostigmine,
egerine, edrorhonium, decrwethonivm, ~drensline =and
potassium chloride were used for the studies on drug

antagonisus /




Figure 48» Cat gastroenemius-eciatie px'eparation*
Pentobarbitone anaesthesia# Indirect stimulation
via sciatic nerve* Contraction downwards*

Drugs administered intravenously*
(@) At A, trishexatetrasonium 0*05 nig* per kg*
At WS trianexatetrasonium 0.03 rag* er kg*
with ether anaes-
thesia.

26 minutes elapsed between (i) and (ii) and

90 minutes between (ii) and (ili).

(b) At AS dihexaazonium 0*06 mg# per kg*
At B, dihexaazoniun 0*%06 tag* per kgt
with ether anaes-
thesiax*

10 minutes elapsed between (i) and (ii)*



jfteure, .49# Cat gastrocnemiuff-aciatic preparation*
Pentobarbitone anaesthesia* Indirect stimulation
Tt& sciatic nerve* Contraction downwards*

Dru s administered intravenously*

(«) At A# dioctaaaonium 0 *0? mg* per kg*

-At Bf¥ diocinagonium 0.07mg. per kg. with
ether anaesthesia*

130 minutes elapsed between (:i) and (ii).
(d) At Ag dioctesulpkcmium 0*20 ng. per kg*

At Bg dloetasulphonium 0*20 mg* per kg* with
ether anaesthesia*

30 minutes ©Olapsed between (i) and (ii)

and 80 minutes between (ii) end (iii).

191 »
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antasonisme which are described in this seotion. The
antagonists were injected into the cat at the point of
maximal neurcmusculer block or at the point where recovery
was beglnning. The extent of the recovery crused by the
antagonist was cowmpared with thet of the control, The
effects of the antagonists are described separately.,

(1) Edrophoniums

Partial oxr complete neuromuscular bloek produced by
dipentasulphonium, dihexesulphonium trimethiodide,
dihexssulphonium, dihexaazonium, dioctamgonium snd tris-
hexatetrazonium was repidly and completely reversed by the
intravenous injection of edrcphoniun in & dose range of
0420 t0 140 my» zer kge (Figsa 57 and 51, przes 193 and 194).
After a suitable dose of edrophonium, the ruscle twitch
rapidly geined ite originsl height (sometimes within less
then one ninute), This effect was sinmiler to that
observed when tubocurarine wos used (Fig.51,b)e The
effect of edrophonium appeared to be short-lived becnuse,

if after complete recovery of the twitch height following
edrophonium o second snd siailar dose of the drug wes
gilven inside a period of sbout ten minutes, the neuro=
mugcular block was of epproxinately similsr intensity to
that obteoined before edrovhonium was administered, This

effect /
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Figure 50%* Cat gastrocnemius-sciatic preparation*
Pentobarbitone anaesthesia* Indirect stimulation
via sciatic nerve* Contraction downwards*

Drugs administered intravenously*

(@) At A, dipentasulphonium 0*50 mg. per kg*
At B, edrophonium 0.30 mg* per kg*
(b) At Af diootaazonium 0*20 mg* per kg.
At B, edrophonium 0.50 mg. per kg.

At C, edrophonium 1*0 mg. per kg.
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Fixture 51# Cat gastrocnemius-eeiatic preparation#
Pentobarbitone anaesthesia# Indirect stimulation via
sciatic nerve# Contraction downwards# Drugs

administered intravenously#

(a) At A#trishexatetragonium 0#07 mg# per kg.

At B#edrophonium 0#70 mg# per kg#
(b) At A, tuboeurarine O#10 tagit per kg#
At B#edrophonium 0*50 mg# per kg#
(c) At A| dihexaassonium 0.40 mg# per kg#

At Btedrophonium 0*40 mg# per kg#
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effect is also obgerved vhen tubocurariﬁe is used to
cauge neuromusculsr blocke A typicsl experiment is shown

in part 'a' of Figure 52 (page 196).

The effect of edrophonium on the neuromuscular blook
caused by dihexone snd dioetasulphonium was not so
striking =s thet seen when the other cowpounds wore used.
There wss antazonism but bilsger doses (l.0 to 2,0 mgs per
kge) were needed, snd the recovery vwas gradusl and
incomplete. The antegonistic effect of edrophonium on
the neuromusculsr bluck c-uged by dloctesulphonium and
dihexone has been shown in ¥Figure 53 (page 197).
Didecesulphoniun, didecaagzonium znd trisdecstetragonium
on the other hand hiad entirely diflerent effecta.
Heuromusgcular block cqused by didecssulphonium wes either
unaifected or slichtly reduced by edrophonium in the dose
ranze 0f 0.5 t0 2,0 mie PCP Ko The effect of dideca~
agonium end irigdecatetrazoniun was nctually potentiated
vhen 0.5 to 2.0 nmgs per kg of edrophonium wrs injected at
the point of maximal depressicn. These effects are

illustrated in FPigure 54 (page 198).

{(ii) Heostismines

The amntegonistic effect shown by neostigmine to the

aguronuscular /
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Figure 52. Cat gastrocnemius-nsciatic preparation.
Pentobarbitone anaesthesia. Indirect stimulation via
sciatic nerve. Contraction downwards. 2>rugs

administered intravenously.
(a) At A andat 0$ trishexatetragonium 0.10 mg. perkg.
At B¥* edrophonium 0.5 mg. perkg.

(b) At A and at 05 dihexasulphonium0.50 mg. perkg.
At B# neostigmine .06 mg. per kg.



Figure 53.

Pentobarbitone anaesthesia#

via sciatic nerve*

Cat gastrocne®ttts«*eciatto preparationi

Drugs administered intravenously*

(a) At
At
At

(b) At
At

At

A#
B*
G*
Ax
B#
0%

diocteeulphonium
edrophonium
edrophonium
dihexone
edrophonium

edrophonium

0*30
1*0
0#73
1#50
0.50
0.75

Indirect stimulation

Contraction downwards#

mg. per kg
mg* per kg
mg# per kg.
mg# per kg.
mg. per kg.
mg# per kg.

197.
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Figure 54* Cat gastrocnemius-sciatic preparation.
Pentobarbitone anaesthesia. Indirect stimulation
via sciatic nerve. Contraction downwards.

Drugs administered intravenously*

(a) At A# didecaasonlum 0.20 mg# per kg
At B# edrophonium 0.08 mgi# per kg

(b) At A# triadscatetraaonium 0*20 mg# per kg
At B, edrophonium 1.0 mg# per kg

(c) At A4, dldeoasulphonium 0*30 mg# per kg

At B# edrophonium 0.50 mg. per kg
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neuromusculsar block caused by diiferent types of muscle
relaxants is one of the wmajor differentiating faetors in
the determination of their mechanie:n of action, Neostige
mine antagonises the block enuzed by the competitive type
of neuromusculsar blocking agentll’lg’gl, vhile it has &
potentinting effect unon the effocts of the depolarizing
drugaga. The effect of this drug on the neuronuscular .
bluck crused by the compounds was studied by injeeting
neostismine at the point of maximnl neuromuscular

depression and the recovery of the twitch height was

compared with that of the control.

Frartial or complete neurciusecular block csused by
dihexssulphonivm trive thiodide, dipentasvlphonium,
dihexasulphoniug, dihexaazonium and ggighex&tetrizonium
was completely antagsonised by neosgtigmine slthough the
proceas of sntsgonism was not 8o repid as that geen
following edyrophonium, Teoatismine wee injected in a dose
range of 0,05 to 0,10 mye per kge and an effective
antazonism to the charscteristic effects of these four
cowpouwiKis was obgerved, The muscle twitch began to
ineresse in amplitude within about 17 to 15 seconds after
intravenous administrotion of neostlgmine at the point of
maxiasum depression of the twitch height,. The twitch

regained /
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regained its original hei ht in about 2 to § minutes
depending upon the mnagnitude of the dogse of neostigmine
employed. Tke aﬁﬁeganistic'effects of neoetignine to
the neuromuscular block crused by trishexatetrazoniun,
dihexaazgnium and dihexasulyhonium are shown in parte b,
e and 4 of Figure 55, page 201, in which the effeet of
neostignine upon the block caused by tubocurarine is also
shown (Fig. 55,8).

Didecasulphonium, didecaezonium and trisdecatetrazon-
iun had different properties in this respect. 0,05 to
0450 e ver ke neosticmine did not show nny antagonism to
the neuroauscular blocking effects of didecrazonium and
trigdecatetragonium whether the block was partial or
ecuplete. Theze twc compounds share this property with
decomethonium, Neostlioulne at dose levels of 3.05 teo
0«50 mge per ke showed elther no effeet or slisht

entagonism to didecasulphonium (Fig. 56,a, p.202),

Necostigmine in sinilsr doses reversed the neuromuscular
block caused by dihexcne, dioctssulphonium and diocta-
azonium, but the reversal was not so complete as that
bbaerved in the cases of dipentasulphonium, dihexssulphonium,
dihexmazonium sud irishexatetrazoniums Thie is shown in

yigure 56, /




ffisgure 55*

(a)

(b)

(c)

(d)

Cat gastroenendus~sciatic preparation*

Pentobarbitone anaesthesia*

Tin sciatic nerve¥*

Indirect stimulation

Drugs administered intravenously¥*

At A9
At B#

At A#

At B#
At A#
At B#
At A,
At B,

tubocurarine

neostigmine
trishexatetragonium

neostigmine
dihexaazonium
neostigmine
dihexasulphonium

neostigmine

0.20 mg.
Oe IO mg*
0.05 mg.
Oc (0 mg¥*
0.20 mg.
0*05 mg*
0.50 mg.
0.06 mg.

Contraction downwards*

per

per
per

per
per
per
per

per

201.
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Figure 56. Oat gastraenexnius~soiatic preparation#
Pentobarbitone anaesthesia. Indirect stimulation
via sciatic nerve. Contraction downward®.

Drugs administered intravenously.

(@) At A# didecasulphonium 0*50 mg. per kg.
At B# neostigmine 0.075 mg. per kog<

(b) AtA, dioctasulphonium 0.30 mg. perkg.
AtB* neostigmine 0.10 mg. per kg.

(0) AtA* diootaaaonium 0.15 mg. per kg.

AtBt neostigmine 0.10 mg. per kg.
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Figuve 56, b and ce ven with a dose of neostigmine as
large as 0,50 ng. per k., the recovery of the muscle
twitch amplitude depressed by dihexcna, dioctrsulphoniun
or dioctaesonium wes only slight coupired with 100 per
cent recovery when G,05 to 0,10 mze per k:i. neostizmine
was injected at the point of mexiasl block caused by
dihexasulphoniug, dihexrsagonium, trishexatetrazonium ox

tubocurarine (Fige 55, pe201).

The antagonism shown by neosti:smine is a falrly
prolonged one and its ef{fects persisted for about 30
minutes or more, =ms shown by the observation that a seccond
doge of dipentasulphoniun, dihexasulphonium, dihexaszonium
or trishexatetrazonium given within a thirty ninute
interval produced very little eifect (Fige 52, part b,

page 196),.

(iii) Eserines

The eiiect of eserine on the neuromusculsr dlock
caused by the compounds investigeted was essentially
siallar to that observed with neostigmine but was lese
markeds Lffective and prolonged antagonism to the
neuromuscular block caused by dipentasulphonium, dihexs-
sulphonium trimethiodide, dihexasulphonium, dihexasgonium
and /
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and trishexatetrazonium wss shown by eserine in the dose
range of 0,50 t0 140 nge pex kge Pigure S7 (pe205)
chowa # typilosl exa:ple of eserine sntagonis: to the effeet

of thene drugze.

Eserine caused only a glight reversal of the neuro=
muscular bloek produced by dihexone, dioctasulphonium
end diocltaazoniua, even when the doge of eserine given was

8 great am 2.0 mge por kg

Feuromuscular block caused by didecasulphonium,
didecasgonium snd {riscdecetetrasonium was not affected by

gserine in}the dose range 0f 1.0 to 2.0 mge per kg

(iv) Decametboniums
seeamethonlum ig & Typieal depolarizing neuromuscular
blocking agents he eficct of decamethonium is additive
with those ggents having & similar mechanism of antions,
while i{ entogonises the effects of tubocurarine or other

competiiive neuronuscular blocking agente?.

Paton @nd Eaimiazg obgorved that the injection of a
gmall dose of tubocursrine rendered decsmethonium less
affective 23 a neuromugcular blocking agent in the cat,
This observetion has been confirued by Macfarlane et alia’>

in /




Figure 57* Oat gastrocnemius-seiatic preparation*

Pentobarbitone anaesthesia* Indirect stimulation
via sciatic nerve* Contraction downwards*

Drugs administered intravenously.

(a) At A, dipentasulphonium 0*20 mg* per kg*
At B# eserlne 0*50 mg. per kg*
(b) At A, dihexasulphonium 0.25 mg* per kg*

At B¥* ©serin® 0*75 mg* per kg*
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in marne. Paton and Zaimis® alse found that when
decanethonium was glven beiore tubocurasrine it did not
greatly modify the neuromusculsr blocking nctivity of the
alikaloid, Bepierre“4, however, obszrved = reciprocal
antagonism between gallomine, = commetitive neuroamuscular
blocking sagent, end decawsthonlum, Hutter and Pascoe®
showed thst suliiable doses of decsmethonium were able to
regtore neuromuscular transmission after i}t had been
blocked by tubocursrine. The reverse nhenomenon, namely
the sntagonistic effect of tubocursyrie to the neuromagculasry
hlock produced by deermothonium, weg obeerved by
Dalle%mgne.mnd Philipyotgﬁ. In 2ll coses the chservations

were made ueing cats zs the experinenial ani-wls,.

lecamethoniun antagonisn to the effects of the new
compounds which have been iivestigrited wns studied on the
cat's nerve-ruscle prepsrstion, in sn attempt to gain more
informetion about their wechenism of action, The neture
of the investisations snd the results sre deseribed under
the following different heade:
{(a) Zffects of decamethonium adsdnisiered following a
dose of one of the new corpounds.

(b) Effects of the new cowound sdminigtered following
a dose of decamethonium,

(e) /
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(¢c) Effects of decamethonium given at the point of
maximal neuromuscular depression caused by the
new compound,

(&) iffects of the new compound given at the point
of maxim=al neuromusculer deprassion caused by
deganethoniume

(a) The previcus injection of a small dose of dipents-
sulphonium, dihexasulphonium triqethiodide, dihexasulphonium,
dihexsazonium, dihexone, dioctesulphonium, dioctsezonium
or trishexatetragonium modified the effects of later
adninistration ot decarweihonium, L doge of 0,02 to 0,03
e per ke dec acthoniwn, when ;. iven nlone, nroduced
approximately TU to 90 per cent neurovuscular block, A
pecond and siallar dose of decancthonium, given after
complete recovery froa the neuromuscular block caused by a
amall dose of any one of the new compounds, produced either
no depression oi the twitch height or only a slight
depressions A sizilar effect was observed by Paton and

7ainis?? and toppelV

who showed that a dose of decsmethonium,
which when iven alone uroduced neuromugcular block, wase
without effect in eat and dor nerve-muscle preparantions
which had just recovered from the effects of a emesll dose

of tubocursrine. A tynieal experinent is shown in Figure
58, part 'a' (pase 208)s At A, the first Jose of

decemethoniun /
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.gigre.. 58* Cat gastrocnemus-eciatie preparation*
Pentobarbitone anaesthesia* Indirect stimulation
via the sciatic nerve* Contraction downwards*

Drugs administered intravenously*

(a) At A, decamethoniua 0*02 mg* per kg*
At B, trishexatetrasonium 0*04 mg* per kg*
(b) At A, dihexaeulphoniua 0*50 mg* per kg.
At B, decamethonium 0*06 mg* per kg*

At BS O©Oserine 0.50 mg* per kg*
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decamethonium, 0.02 uge per ki., reducea the twitch height
by ebout 70 per cent where:s the second and same dose of
decamethoniun at A, given after o dose of trishexatetragson-

ium (0.04 mge ver koo), doea not reduce the twitch height,

The efiecet of decanethonium given sfter » dose of
didecssulphoniua, didecaazonium or irisdecstetrazoniun was
different, The effect of 8 gecond ond similar dose of
decamethoniun, given after s small peralysing dose of one
of the compounds, wss sbout the sase as that caused by

the first dose,

(b) The previous adninistration of a paralysing dose of
deczmethonium did not grestly nodify the neuromuscular
- blocking prorerties of z2ny of the new compoundes. This
effect was expected when didecrsulphonium, didecaagoniun
or trigdecatetrazonium was given after decsmethonium, as
the eficet of decamethonium itself wes not modified by
the prior administr-tion of -ny one of these three
compounds. ‘he observation that the effect of the later
administration of any of the cther compounds following a
paralysing dose of decnmethonium was practicnlly unaltered,
wag rather unexpected but was similar to the effect observed
by Faton and Zeinie?? when they administered a dose of

tubocurarine /
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tubocurarine followingz a previous injection of deoamethonium
in the cat nerve-musele preporations A typical experiment

is shown in Figure 58, part b, ¢ =»nd 4, page 208,

(e) Neurcauscular bloci, pa.tisl or couplete, caused by
dipentasulphonium, dihexasulphonium trimethiodlide, dihexnw
sulphonium, dihexaagonium, dihexone, dioctssulphonium, diocta=
ggonium or trishexatetrazonium wes rapidly and eomplétely
reversed by decsmethonium injected during the block. The
dose of decnmethonium required wag roushly shout onewfourth
of the dose uf the compound used to csuze nrr-lysis. Innmed-
iately after injection of decamcthonium at the point of meximsl
neuromuscular depression, the mascle twiteh begen to incrense
in amplitude snd if the dose wess correctly isirsen, complete
reversal wag effected within ? to 5 ninutes snd the twitch
smplitude renained gteady at the control levels If the dose
of deéamethonium given was vigger, there was a sharp ineresse
of the amplitude of the muscle twitch which innedistely aftere
wards began to decline in amplitude, rapidly causing a
neuromuscula% block which wsa uore intense thsn that caused by
the compoahd iteelf. This secondary block was perhsps due
t0 the effect of deconmcthoniua itself which wreg present in
quantities more than were needed to countersct the effect of the
other drug causing the initi~l neuronuecular depression,

it /



Ef; on the other haud, the dose of deeamethonium chosen

is less than optimasl there is sn increase of twitch heipht,
but complete recovery‘ia not obscrved, Hutter and Pascoe?
found thet decamethonium,in suitable doses,would restore
neuronugcular transmission aiter neuromuscular block
caused by tubocurarine, In Figure 59 (p.212) sn example

of decamethonium anlagonisn is shown,.

The effect of decamethonium gilven during meximal
depression ¢f neuronusculsr tronsmission caused by didecaw
sulphonium, didecaszonium or trisdecatetrazonium was
completely different. Tecamethonium, instesd of decreasing
the block, actually lncreamed ite intensity as if another
dose of the saze drug had heen jivens This effect iam

ghown in Figure 60, page 213,

(d) It has been shown by Dallemagne snd Fhilippotzs
that vhen given in suitable doses tubocurarine can rapidly
and completely reverse a neuromuscular block caused by
decamethonium,. The magnitude of the dose of tubocurarine
needed has been shown to be eritical, and wmust be very

accurately gauged.

To inveatigate this particular point, partiesl or
conplete neuromuscular block was produced by giving e sult-~

able /



figure 59. Cat gastrocnemius-sciatie preparation#

Pentobarbitone anaesthesia. Indirect stimulation
via sciatic nerye. Contraction downwardse

Drugs administered intravenously#

(@) At A# dipentasulphonium 0*50 mg. per kg.
At Bj decamethonium 0.15 mg. per kg.
(b) At Cf dioctasulphonium 0.15 mg. per kg.
At D# decamethonium 0.0? mg. per kg.
(c) At B# dihexone 0.40 mg. per kg.
At P# deeamethonium 0.06 mg. per kg.
(d) At A, tubocurarin* 0.08 mg. per kg.
At B# deoame thonium 0,9 mg. per kg.
(«) At C, trishexatetragcmlua ©O .08 mg. per kg.
At D# decamethonium 0.06 mg. per kg.



Figure 60* Cat gastrocneraius”seiatic preparation*
Pentobarbitone anaesthesia* Indirect stimulation
via sciatic nerve* Contraction downwards*

Drugs administered intravenously*

(a) At A, trifdecatetra»oniua 0*10 mg* per kg,
At B#  decamefhonlum 0*04 mg* per kg.
M At kS didecasulphonium 0*10 mg* per kg
At B#  decamethonium 0*05 mg* per kg
) At A, didecaasonium 0*05 mg* per kg

At Bf decamethonium 0*02 mg* per kg
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suitable dose of decemcthonium, Tuboourarine or one of
the new compounds was injected at the reglon of meximal
neuromuscular depression ccused by decamethonium, snd the
recovery of ithe ruscle twitch height was observed. All
of the compounis tesled, excepiing didecasulphoniun,
didecamsgonium end frisdecatetrazonium, reveraed the block
caused by decometnoeniume  Jne reversal was rapid and
couplete following the acainistration of dipentasulphoniun,
dihexesulphoniun, dihexssulpbonium trimethicdide,
dinexaagonium, dioctansgoniua and frishexetetragonium but
the sntagonism shown by dihexone and dioctzsulphonium was
not very well marked, and complete reversal of the
decamethoniun block was not obteineds A tyniesl experi-

ment is shown in Pioure Gl, page 215.

If the dose of any one of the compounds employed to
diminigh the neuromusoular block caused by decamcthonium
was slightly larger than that actuslly needed, then there
wae an immediste incrense in the intensity of the block
already caused by decamethonium, If the dose was
insufficient, the decomethonium block either remained

unaffectied or there was on incomplete reversal,.

ihe effect of dldecasulphonium, didecangonium or
trisdecatetragonium on the neuromusculer block caused by

decome thoniun /



Figure 61%*

Pentobarbitone anaesthesia*
ylia sciatic nerve¥*

Drugs administered intravenously*

(@)

(b)

(o)

(d)

At A*
At B,

At 0O*
At D*

At A}
At B*

At C*
At Dg

Cat aastrocnemius-seiatlc preparation¥*

decamethonium

tubocurarin®

decame thonium

dihexaaxonium

decaraethonium

trishexatetrMoniua

decamethonium

dihexasulphonium

Indirect stimulation

Contraction downwards¥*

0.025 iflgr P&~ kg.
0*125 mg. per kg.
0.04 Big* per kg.

0.20 mg* per kg*
0.025 mg* per kg
0.10 mg* per kg¥*

0*05 mg. per kg*
0*30 mg* per kg.

215*
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~decemethonium was an additive one, ‘hen any one of these
three compourde were riven (0.5 m-s t0 140 mze pOT ki)

at the peint of maxlvel denression caused by decamethonium,
the nmusole twitch either remnined naffected or was reduced
in marnitude depending upon the magnitude of the dose of
didecasulphonium, didecaazonium or trisdecatetrasonium,
Tecamethonium block vas never antsgonised by these three
comounds . A typienl experinent is shown in Figure 62,
naze 217,

(v) Potassium chlorides

The potresiun ion has been shown 0 antagonise
neuronuscular block crused hy'tubeaur&rinelsbut decamethone
ium block is very little nifected?sT., It wns of interest,
therefore, to investi nte the eflect of potessium chloride
on the neurouusculsr block cruscd by theue new synthetic
compounds, 1t was obmorved that the dlock crused by all
the compounds (excepiing didecssulphonius, dldecsagzonium
end trisdecateirszonium) was reversad by intravencus
injeciion of 15 to 2. e poY ke ¢f pot=ssium chloride,
the reverssl wae usuzliy inconplete and did not persist
(Fige 63, pe218je This effect was similar te that
observed with tubocurarine. Didecasulphonium, dideca-
azopniun and trisdecatetresonium, on the other hand, had
different /
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Fi.mre 62 . Cat gastrocnemius-®ciatic preparation*
Pentobarbitone anaesthesia. Indirect stimulation wvia
sciatic nerve* Contraction downwardse Drugs

administered intravenously*

(a) At A# decamethonium 10.0 |*g. per kg.
At B, dideeasulphonium 0.10 mg. per kg.
At C, tubocurarin®© 0.10 mg. per kg.
(o) At A# dscamethonium 10.0 pg. per kg.

At B# didecaasonium 0.10 mg. per kg.



ffi&ure 63*

Gat gastroenemius-Hsciatie preparation*

Pentobarbitone anaesthesia*

©ci&tie nerve*

administered intravenously*

(a)

0>)

At
At
At
At
At
At

At
At
At
At

At
At

At

trishexatetraaonium
adrenalins
potassion chloride
dihexone

potassium chloride

adrenalins

dloctaasonium
adrenaline
potassium chloride
dihexaazonium

potassium chloride

adrenaline

adrenalin®©

Contraction downwards*

Indirect stimulation via

0*10 mg*
0*05 mg*
200 m*
0*40 mg*

e 20*0 mg*

0 *7.33 *lg*

0*07 mge

0*05 mg*

Drugs

per
per
per
per
par

per

per

per

15.0 wS* per

0*40 mg*
20*0 mg*
0*10 mg*
0*05 mg*

per
per
per

per

kg*
kg*
kg*
kg*
kg*
kg.
kg.
k.g*
kg.
kg.
kg*
kg.
kg.



different effects* Potassium chloride when injected

in doses of from 15 to 20 mg* per kg. had either no effect

on* or caused slight reversal of the neuromuscular block

produced by these compounds (Fig* 64, a and ¢, p.220).

A similar effect was observed when decmnethonium was used

(Fig. 64,D).

(vi) Adrenaline:

fhe decurari®ing effects of adrenaline were first
observed by Panella” and were later investigated by
Camus and ?orak”# Rosenblueth ei® alia*” also showed
antagonistic effects of adrenaline to the neuromuscular
block caused by tubocurnrine in the cat nerve-muscle
preparation* On 1 he other hand, Prton and Zaimis”
observed that adrenaline had no effect upon the block

produced by decrmethoniurn in the sane preparation* As

the

the

effects of adrenaline on the neuromuscular block caused by

tubocurarine and dec’methonium were reported to be different,

it was decided to investigate the effect of adrenaline on

the block caused by the new synthetic compounds (see

pages 189 and 1920

Adrenaline in doses ranging from 0.05 to 0.10 mg. per

kg* caused a rapid but short Ipsting reversal of the block

caused /



fflj-jiiye 64%* Gat gastrocnemius-Hssciatic preparation*
Pentobarbitone anaesthesia# Indirect stimulation
via sciatic nerve* Contraction downward®* Drugs

administered intravenously*

(a) At A, did®casulphonium 0*30 mg* per kg
At 4 potassium chloride 20.0 mg* per kg
<) At AS$ decamethonium 0*05 jag* per kg
At B, potassium chloride 20*0 mg. per kg
(e) At At didecaaaonium 0*20 mg* per kg

At B, potassium chloride 13*0 mg* per kg
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eeased by nil compounds. In some onses the twitch
amplitude became almost normal within a few minutes* Dbut
soon declined again to the level it had attained when the
adrenaline vao injected. Adrenaline had a similar effect
when injected into the cat during neuromuscular blockade
caused by tubocurarine and decrmethonium* although Paton
and Zaimicf* observed that adrenaline was ineffective in
reversing the neuromuscular block caused by dec”methonium.
A typical experiment is shown in Figures 63 and 65* pages
218 and 222.
(rii) TIexamethoniura t

Paton and Znimie* have investigated the antagonism
between hexamethonium and decarsethorium in the cat end
rabbit. They observed that hexamethoniurn not only
showed no antagonism to tubocurarine but actually
potentiated its action to a small extent. When the effects
of hexanethonium upon the neuromuscular blocking activity
of the new series of compounds were investigated* it was
found that dipentasulphonium* dihexasulphoniuin trimeth-
iodide* dihexasulphonium* dihexaassonium* dihexone*
dioctasulphonium, diocteafconium and trishexatotrazonium
had properties similar to those of tubocurarine. while
didecasulphonium* didecaazonium and trlsdecatetrazonimn

had /



49 A

Figure 65. Cat gastrocnemius-aoiatic preparation.
Pentobarbitone anaesthesia. Indirect stimulation
via sciatic nerve. Contraction downwards.

Drugs administered intravenously.

(@) Atk9 decamethonium 0.04 rag. per kg.
At B* adrenaline 0.02 sag. per kg.
(b) AtA9 didecasulphonium 0.50 mg. per kg.

At B# adrenaline 0.07 mg. per kg.
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hnd dQCRsiethonium-lilre properties¥* The neuromuscular
block produced by the compounds of the former groups was
cither unaffected or potentiated by an infravenous
Injection of 2 to 5 mg. per I..;* of hexanethonium. The
compound® in the latter group bed properties different
from those of the first group in this respect. Hcxaneth-
onln i either slightly increased the twitch height of the

partially blocked muscle or hod no affect upon it.

The properties of these compounds on the cat gastro-
cnemius 'made-sciatic nerve preparation are summarised

in Table 2, pages 224 and 225.

2m (A) add) ft Head Prop Test.

The nean herd drop doses etc. of the new compounds
as well as of tubocurarine end decrmethonium are shown in
Tables 5 ana 4, pages 226, 227 and 228. Groups of
9 rabbits were injected in each test. The duration of
head drop caused by dlpentasulphonium* diliexas ilphoniuia*
dihoxasaoniuni, dihexone and trshexatetragoniua varied
from 10 to 15 minutes* and complete recovery from paralysis
usually occurred within 30 minutes. 60 to 90 per cent
of the rabbits used survived the administration of head

drop doses of these 5 compounds* whereas when tubocurarine

was /



A Tabuler Coup risoy

v oof the

YA T L 2,

sulphoniun trimethiodide, Dihexsazonium, Dioctasulphonium, Dioctaszonium, Dideca-

sulphonium, Lidecaazonium, Dinexone, Lrishexatetrazonium and Trisdecatetrazonium with
Tubocursrine and lecamethoniua on the Cat Gastrocnemius-—sciatic preparation.

Sroperties of Dipeatasulphonium, Dihexasulphonium, Dihexa-

224 .

Neuronuscular
blocking
activity

() time of
onset of
maximum
paralysis
(minutes)

Duration
of paral-
ysis
(minutes)

(o)

(¢) Potency
(tubocur-

arine =100)

Preliminary
excitation of
gkeletal nuscle

Effect of tubo-
curarine on
block

Effect on tubo-
curarine block

Tubo- | Dipenta-~| Dihexa- | Dihexa- Dihexa- | liiocta-| Diocta-| Dihex-| Tris- | Decan~ [‘ideca- |Dideca- | Tris-
curar- | sulphon~| sulph- 2ulphone a%20n=- sulph- 220n- one Hexg - ethon- [sulph- J|azoniun deca-
ine ium onium jum tri- ium onium ium Tetra- jum onium tetrg-
nethiod- zonium zonium
ide
1 -3 1 -3 1 -3 1 -3 1l -3 1 -3 l -3 1 -3 1 -311~73 5 =10 5 =10 5 « 10
20 «30 20=30 20«30 15=25 20 «30 | 20 =30 20 «30 | 30=40 20 =30 |15« 25 60 =120 90 =120 90 =120
100 85 95 20 100 %3 50 12 300 1000 100 100 50
none none none none none none none none none twiteh~| fascic-| twitch- fascic-
ing and] ulation| ing and ulation
fascic- fascic~
ulation| ulation
addit~| eddit- addit~ addit- addit- addite addit~| addit~ addit-]| antag- | sddit- addit- additive
ive ive ive ive ive ive ive ive ive onigt- ive ive
ie
do. Ao, do. doa doe do. do. doe. do, do. | antag- | antag- antagon-
onnigt- onigst- istic
ic ic

/continued.,




A5 L5 2 (continued).
Lubow vigentaw| Dinexa~ |Iibexa-~ |Dihex- [lilocte- [Dicoto- [LiheXe ’Trism Iidess= | Trig-
curar- | sulphone-| sulphon- | sulphon- |aezon- |sulshe |Reoniazn | one nexa - azoniug | AeCf
ine iwa iaa jusn tri-=| iuas onium bety~ tetra~
methiofe wonium zoniunm
ide
Effect of deca- ; 'L .
aethoniua on zntag~ | antagon-| antagon~ | antagone | antagon= mmtagoms;bntagan~ anugge- ntagon- addit- | addite | addit- addit-
block onist- istic istic istie istic istic istie onigtic | ietic ive ive ive ive
ic
Bffect on deco- |
mothoniwa block do. GO do. do. 0 do. do,. d0e do. do, d0, 20 do.
Effect on the
block of
(e) ¥eosti. mine | antag- | antagon-| antagon- | antagon- | entogon~| antagon-| antag- |antag- bntezond ne ne ng antsg+ no antag-
onlem ism ism ism isa ism onism |onism ism antage | antrg- | onisn onism
onism onigm
(b) Eserine do. do. d0. do,. Ao, doe. do, dos do. dGe do, d0e doe
(¢) Edrophon- Poteii- Potent- | Pohtentiate|
iun : G0, 40 doe doe doe dos doe d0e do, istion iation ion ‘
(d) Adrensline GO0 GO doe Qo G0, doe G0 do. do. by ot Rt ~NED Lo antosone
opian onisna izm
(e) Potassium do. doe doe G0 Goe do, 10 do, 2o, no no no no sntag=
chloride entage | entag- ente g oniem
onign onism onism
(£) ey eais | 2001t- | scditive| ndditive | sdditive | additive| ndditive | ndditive| edditive additim I'c off- | no #
anaesthesls | ive & & pro= &% PTrO= & Pro= |& prow & Pro= | & pro- | & pro- & pio-|ect or | eifect
yiuicngq longed lonsed longed | longed longed | ionged | longzed |longed | antag~
& . onilan
(g) Indirect antag- | anbagon-| antagon- atapgon-| sntacos e o Eorpr
tetonization | oniem ‘iag dﬁ%éSQn aﬁfggan. antagon- 3@§@%‘ aubop= | entage |antrie | no -3 na no effect
: isnm onign onisn onism |onisa |effect |effect | effect
kesponse of part- pourly poorly poorly | poorly |poorly well poorly | poorly |poorly |well poorly | well well
ly b1?0k¢& nusele Sug= Busuilii-| susLalired | sustalin-l susteln-| sustrin-| susisin-| sustsingus- austrin-| sugiein-| sucteine| sustrined
to indirect toined ed con- contrret-l ed con- |ed cone ed ¢on=- | ed coii~| el con=|tained o con-|éd con-| ed con- | contracte
tetanus con- troetion| ion traction) tyroction| trnetim| treciion| trootion cone trochion| troeticon| troetion] ion
tracibion 1ot on

i

® Gould not be iavesti.nted cue to very nrolonged erffect,




T ABLE 3,

226,

Individual and iMean Head Drop Doses of Dipentasulphoniunm,

Dihexasulphonium, Dihexsazonium, Dioctasulphonium, Diocta«

azonium, Tidecasulphonium, Didecsazonium, Dihexone, Tris-

hexatetrazonium, Trisdecstetrazonium, Decamethonium and

Tubocurarine in the rabbit.

HiAD DROP DOSES (HDD)

26, 0.25,

[ndivid- ilean ¥ s,e, No.Died Potency
Compound Lol (mg.per | (mg.per kg.) MNo.inject-| (fubocur-
ke ) ed arine =
° 100 )

Dipentasul- | 0.43, 0.42, | 0.38 + 0,014 2/9 29
phonium 0,30, 0.37,

0.38, 0040_,

0.35, 0.40,

0437,
Dihexasul- | 0.42, 0.27,| 0.36 % 0,071 3/9 30
phonium 0.38, 0.40,

0.35, 0.40,

0.35, 0.35,

0.30.
Dihexaazon- | 0,57, 0.47,| 0.51 % 0,057 2/9 21
ium 0077, 0060'

0.58, 0.40,

0.38, 0.40,

0.45.
Dioctasulph- 0.26, 0.25,| 0.24 % 0,013 9/9 46
onium 0.22, 0.30,

0.25, 0.30,

0.20, 0.20,

0.23
Dioctaazon-| 0,25, 0.25,] 0.26 £ 0,014 9/9 42
ium 0.28, 0.30,

0.25, 0.25,

Q.




TABLE 3 (continued),

HEAD THO

227«

? DUSLS (RDD )

Compound

Individual

(mge.per kz.)|

‘lean %
(nzeper kge)

SeCoe

Nol.died
Eo.inﬂect~
ed,

Potency
(tubo=-

curarine
= 100)

Didecasul-
phoniun

Didecanz~
oniunm

Dihexone

T hexa-
etrazon-
ium

Trisdeca=
tetrazon-
jum

Decamethon-
ium

Tubocur=
arine

G.13,
0.25,
0.16,
0.20,
0425

0.19,
0.30,
0,30,
0.25'
Qe33,

0.30,
0.38,
0.43,
0.40,
0.40.

0.21,
0.21,
0.20,
0.16,
0.20,

0.25,
0435,
0.32,
0.38,
0454

0,20,
Q¢l7,
0.13’
Cel5,
00180

010,
Cells,
Ol.11,
010,

Del2,

0.29,
0.15,
0.20,
0.23,

0426,
0.30,
0.30,
0.34,

0.40,
0.43’
C.40,
G.36,

0.21,
0.2%,
0.18,
0.12,

0450,
0.5C,
0445

0'40'

0.18’
0.14,
0.15,

0.18,

0409,
0415,
0.12,

Uel?,

0.21 £ 0,023

0.28 % 0,017

0.39 % 0,017

0.19 ¥ 0,014

.40 £ 0,024

0.16 £ 0,008

.11 2 0.01

9/9

9/9

1/9

3/9

9/9

3/9

6/9

52

39

28

58

28

69

100




Head drop

Dihexaazonium,
Bidecan zoniun,

3ulphoniu:n,

TAr LE 4.

iootaaaiphoniun, Ji

.ihexene,

Bioctaazonium,

228.

;—oaea of 7)ipentasuluhoniurn, Nihexasulphoniua,

deca-

Triahexatetrazonium,

Triedecgtetradonium. reermcthonium r.nd Tubocurarin® in

1i1i® Rabbit Before and Aftrr
and the ratios

Compound

Dipenta-
sulphoniura

Dihexasul-
phonium

Mhexaaz on-
ium

Dioctasul-
phonium

Bioctaazon-
ium

Didecaaul-
phonium

Eidecaasofc -
ium

Dihexone

Trishexafceti-

azonium

rrijjdecatetr-

assonium

leer:methon-
ium

Tubocurarine

ctnent with TRsosiigmine

'Idj (';eo™tl,>nrie ;r ated)/ 'T'< (Control).

Been Bead lrop lose (HDI)) o

per kc*) Neostigmine
Control Neostigmine  Batio*

$0«1J 3r* PCI control

k> subcut¥*)
treated*
0*38 + 0.014 0,57 t 0.014 1.50 (?« < 0.01)
0.36 £ 0,071 0.59 - 0.071 1.64 (P*< 0.01}
0.51 t 0,057 0.81 £ 0.057 1.56 0.01)
J

0.24 1 0.013 0.25 - 0.013 1.04 (P= >0.90)
0.26 + 0.014 0.33 + 0.014 1,27 (r=< o0.01i)
0.21 + 0. B3 0.23 £ 0.023 1.30 (P« > 0.05)
0.28 £ 0.017 0.29 t 0.017 1.00
0.39 £ 0,017 0.44 i 0.017 1,12 (P- >0.40)
0.19 1 0.314 0,31 t00141.63 (P«< 0.01)
C,40 £p0240.33 + 0.024 0.82
0.16 £ 0.008 0,15 i 0.003 0.93
0.11 + 0.01 0.30 £ 0.01 2.72 (P=< 0.01)



was used 66 per cent died following a head drop dose
(Table 3 ,pnges 226 =nd 227 ), Denth in each case was

irvrariably due o reapirstory paralysis.

The duratiocn cf paralysis cgused by didecasulphonium,
dideccazonium, dicctasulphonium, dicctaazoniua and
triadecotetyrazonium was more prolonsed then that cuused
by the compourkis of the former group. All of the rabbits
which hzd received hesd drop duses of the compounds of

the lstter sroup died within 10 to 30 minutes (Table 3).

The potency of the new compounds together with that
of ftubocurarine and decsmethonium as estimated by this
test is shown in Pable 3. All of the compounds were
found to be less potent then tubccursrine. Pictures of

the rabbit head drop are shown in Fi_ure 34, nage 148.

2+ (B) Ine Effect of Heosticmine upon the Mssmnitude
of the ilead Drop lose,

If 0a10 mge pexr ke of neostipnine was injected sube
cutanecusly 15 minutes before ihe drug infusion was
started then there weg in sone cases a chance in the
magnitude cf the hend drop dose, “he dcses of dipenta=
sulphonium, dikexcsulphonilun, dilexaczoniun and iyig-
hexatetrazoniun were found %e be ap reeiasbly raised,

whereas /



whereas those of didecaszonium, diociesulphonium and
irisdecatetrazonium remained either unsltered or reduced
(Table 4 ,pe228)e this property of dideczagoniunm,
dioctasulphoniun and irisdecatetrasoniua was shared with
decancihonium and that oi the forser gsroup wes shared wlith
tubocurarines ihe hend drop doses alftsy prior treatment
with neostignine, to_ ether with the ratio, head drop dose
for the neostigaine pretrested rabbiits/head drop dose for

tha untreated rebhbits, are shown in Teble-4.

3« Mouse Tegt.

fedian Paralysing Uose (PDsp).

Five to ten minutes after intraperitoneal injection
into mice, all of the new compounds caused increased
movewent and restlecussnese. These symnplions rppeared at
the maxe time ag syapions of respiratory emberrassment
beceme apparent. “he miece then becase quiet and began
suddenly to loge their sbilily lo retoin thelir position
on the inclined screen and slid abrustly brnckwards off
ite ecovery Irom paralysls wos usunlly complete in 15
to 20 nminutes and the mice hed completely recovered in
30 to 4% minutes. The time of onset of action and the
period required for recovery from parslysis were greater
for didecasulphonium, didecacsonium and itrisdecatetrssz nium,
The /
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the medimn paralysing doses (PDgy) of the compounds
studied are shown in Table 5, page 232, The relative
potency has been detcruilned in terms of tubocurarine = 100
and is shown in the scone tnbie. It wag ohserved

that the compounds dioctasulphoniun and trisdecatetrage
oniun were the nost nutent (2,5 tiwes =ore potent than

tubocurnrine) and dihexeazonium wng the lenst potent.

4 Chick Paralysis Test.

%

It is well known that competitive neurnmascular
blocking azents cruse a flzmecid paralysis in birde,
whereas depolarizing apents cause a typieel spestic parae
1yaia7028. It woe of interest, therefore, to see the

type of paralysis produced in chicks by the new conpounds,.

Pollowing an intreoperitonenl injection of from 10

to 40 mg. per kge of dinentazmanlphonium, dihexszsulphoniun,
dihexaszonium, dioctzsulphoniun, dinctaazonium; dihexone
or trishexstetrazoniun, a typicsl tubocurasrine-like
flaccid perslysis was seon in chicks., Tidecasulphoniun,
didecaazonium, dihexasulphoniun trimethiodide end trisg-
decetetrazoniun, ceused different effects in chiclks.
ridegasulphoniun, didecaszonium and dihexmgulphonium

trimethiodide in the dose range of from 10 to 40 ag. per

kge /
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A Comparison of the Potency and Toxicity of Lipenta-
sulphonium* Bihexasulphonium,

suiphonium,
azonium,

jDioeta&gonium,
Lihexone,

Pihexaagonium,

Didecasulphonium,
rishexatotraaonium and Triadeca-

Liocta-
Lideca-

tetraaoniu?a with Tubocurarine and Beeauiethonium in mice*

Compound

Lipentasul-
phonium

Lihexasul-
phonium

Diliexaaaon-
ium

Bioctasul-
phonium

Lioctaasson-—
ium

Lidecasul-
phonium

Bideeaasson-
ium

Lihexone

Trishexatetrn-
Zonium

Triedocatetra-
sOnium

i)ecaincthonium

Tubocurarine

Approx- Approx- Paral- Median
imate imate ysing Lethal
Median Median Potency Dose
Paralys- Lethal (tubo- ?fedian
ing dose Bose eurarine Paral-
(mg.per kg*) {mg.per kg.) * 100) ysing
Lose.
0.70 .33 / 28 1.9
0.80 .20 25 1.5
X.20 .25 17 1.9
0.08 .40 250 ! 5.0
0.10 .40 200 4.0
0.10 .20 200 2.0
0.16 .18 125 1.15
0.60 .30 33 3.8
0.40 .75 50 1.9
0.08 .10 250 1.25
3.65 .10 5.4 1.12
0.20 .28 100 1.4
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kge produced an initial decamethoniumelike spestio
poaralysis with extension of the legs and retraction of the
hezd, but within 2 few minutes the paralysis became
flaccid in nature. This type of verslysis was observed
in chicks following »n injection of the bisqueternary

methonium compound, tridecsmethonium!,

Irisdecatetragonium at dose levels of from 10 to 20
mge per ke caused a flaccid paralysis, but when the dose
was inoreased t0 30 to 40 ng. per kge an initinl espestic

paralysis was geen which yapidly became flacoid in nature,

Results of these experinents are sumnmariged in

Table 6, page 234,

5 Activity on the Eet Phrenic ‘erve-Diaphregm Preparation

All of the comnpounds itested in the dose range of
Gu0H to 0.2 mze per mle Teduced the twitch height of the
diaphragm csused by indirect stiwulation yia the phrenie
nerve. The effect was rlwasys reversible on washing,
Tubocurarine was =zany times more potent on this
preparation then the most potent of the new compounds,
A typiesl experinent is shown in Vigure 66, vage 235,
Tubocursrine was about 50 to 100 times more potent than

dipentasulphoniua /




TADLE 6

Type of Paralysis in Chioks

234,

Type of parslysis

Compound cbserved,
Dipentasulphoniun Placeid
Tihexasulphonium Flaccid

Dihexasulphoniux
trimethiodide

Dihexaagonium
Tdoetasulphonium
Dibetaasonium
Didecasulphoniunm
Didecaazoniua
Dihexone
Irighexatetrazoniun

Irisdecatetrazoniun

Tubocurarine

Decamethonium

Spastic — flaceid
Flaccid
Flaccid
Plaooid
Spastic — flaceid
Spastie-—>-fiaceid
Flaceld
Flaccid

iFlaacid in smaller dos
Spastic in lerger dose

Flaceid
Spastic




Isolated rat phrenic nerve-diaphrag®

Figure 66*
preparation*
minute W « wash out*
(a) At A tubocurarin®
At B dioctasulphonium
At C dioctaasonium
At B triedecatetrazonium
At K tubocurarine
0») At A tubocurarine
At B trlshexatetrasoniuia
At C dihexasulphoniu®
(0) At A dlhexaasonium
At B dihexaaxonium
At C tubocurarine
At D didooasulphonium

Indirect stimulation via phrenic nerve
at 10 volts* pulse width 1*5 ®secs*# B impulses per

3*0 pg* per ml¥*
100*0 |ig* per ml¥*
100*0 pg* per ml.
100*0 pg* per ml*

2*0 pg. per ml¥*

3*0 p.g* per ml*

100*0 p.g* per
200*0 pg. per
30*0 tig* per
100*0 pg* per

2.0 pg. per
100.0 pg. per

ml*
ml.
ml*
ml.
ml*
ml*

235 ¢
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dipentesulphonium, dihexaazonium, dihexmsulphonium,

didecasulphoniun or didecsagonium, while itrishexateirasw
cuium, risdecatetrazoniun, dioctasulphonium and dioctaw
asgoniun were gbout 30 to 50 tinmems and dihexone about 150

tiomes less potent than tubocurarine.

6o Activity on the Xitten Phrenic Herve-Dimphryasm

Prevaration,

This preparstion was many times more scnsitive to
the neuromuscular blocking acltivity of the coupounde under
investigation than the rat diaphrags prepurniion, 1l
the compounde tested reduced the height of the indirectly
induced twiteh, rmd the eifect was always reversible on
washings There wes neo initial potentistion of twitech
neights  Although dipentesulphonium snd dihexasgonium
were eguipotent and dioctasulphonium and dioctamzonium
were less potent thon tuvocursrine on the c¢at gesirocunene
jue muscle-zciatic serve preparaition, these compounds were
more potent on this prenaration. Doses required %o
reduce the twitch hei;hi of the diaphrasm by 50 per cent
in three minutes varied very nuch Ifrom preparstion to
preparation and were ususlly beltween 04,01 {o Nal ﬁd. per
mle The resulis of some typicsl experisentis are shown
in Figure ©7, page 237 » in sowe experiwwnis complete
block /




Figaro 61.
preparation*

(a)

(b)

()

EIll

Isolated kitten phrenic nerve-diaphragm
Indirect stimulation via phrenic

nerve at 12 volts# pulse width 2*0 mseca*,
impulses per minute *

At
At
At
At

At
At
At

At
At
At

At C

At
At
At
At
At

A * dihexasulphonium

tubocurarine

trishexatetragon!am

dioctasulphonium

tubocurarine

: didecaazonlum

didecasulphonium

tubocurarine
tubocurarine
dihexaasonima
dihexaazoniua
dthexasulphoniua
dihexasuIphonium
dihexasulphonium
dipentasulphonium
dipentasulphonium

w m Wash out*

30

30 |ig
10

15
4
60 Hg
65
20
10

5 pg
5
10 p,
20
10

g
5 |xg

per
per
per
per

per
per
/per
per
per
per
per
per
per
per
per
per

8

ml*
ml e
ml*
ml*

ml*
ml*
ml*
ml*
ml*
ml*
ml*
ml*
ml*
ml.
ml*
ml*

251.
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block was produced ot doge levela of 0,015 to 0,1 ug.

per mls in 5 to 7 minutes. There was complete recovery
of the twiteh height on washinge This type of experiment
ie shown in Figure 68, page 239, The approximate
poteney of the compouads expressed in terms of tubocurar-

ine ig shown in Table 7, page 240,

T« Ihe Frog Rectus Abdominis 'Musecle,

Hone of the new compounds had any direct stimulant
effect on this preparation =% doses of up %0 25 ug. per
mle 211 of them in the dose range of 545 t0 2.5 ug. por
mle Ccauged greded inhibition of contractions induced by
010 to Ce25 pgs per nls of nceiylcholine or 1.5 t0 2.5
wse per wle of decomcthonium (Figse 69 and 70, pages 241
and 242 ), In this respect all of the cémpaunda shownd
properties similar to those of tubocurarine, The potenecy
of these compounds as measured by the degree of inhibition
of acetylcholine induced contractions is shown in Table 8,
page 243.

Antagonism by some of these compounds to acetylcholine
- and decancthonium induced contraotions of the frog rectus
sbdominis muscle is shown in Figuﬁoa Tl and 72, pages 244
and 245,

The /
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4910

Figure 68%* Isolated kitten phrenic nerve-diaphraga
preparation¥* Indirect stimulation via phrenic
nerve at 10 volts, pulse width 1*5 maeos*, 8

impulses per minute*

At A, dihexaasonium 15 pg* per ml*
At B, dipentasulphonium 30 ~g* per ml*

At W#§ wash out¥*



TABLE 17

The relative potencics of dipentasulphoniuan, dihexa-
sulphonium, dihexaazonium, dioctasulphonium, diccta=
agzonium, didecasulphoniua, didecanzonium, dihexone,
trishexatetragonium, trisdecatetragzonium and
Tubocurarine on the kitten phrenic nerve-diaphragnm

prepsration,

Conpound hocuverine = 100
Dipentasulphonium 200
I'ihexasulphonium 100
Dihexaagonium ' 300
Dioctasulphonium 200
Dicetaazoniunm 150
Didecasulphonium | 15
Dideceazonium 15
Dihexone 7
Irighexatetrazonium 300
Trigsdecatetrazonium | ' ™
Tubocurerine . b 200
Decamethonium | %

L S

# could not be compared,

240 'Y




o didecaazonium
e tubocurarine
x dipentasulphonium

100 1

80 |

2 t

Per cent reduction (mm)

O 1 1 1 1

3 2 1 (@] 1
Log dose («g per ml)

[N g

Zigure 63; Isolated frog rectus a’udm miscle.
Relation of log dose of didecmasonium, tubsourarine
and dipentasulphonium (absoissa) to the percentage
reduction (ordinate) of the height of contraction
produced by the same dose of aceiylcholine,




MR,

e didecaazonium
o frmshexatetrazonium

100

[« N
Q
T

N
o
1
Q.

Per cent reduction (mm.)
3

2 1 o [ 2
Log dose (ug per ml)

wit

Eigure 10, Isolated frog rectus sbdominis muscle,
Reletlon of log dose of didecsasonium snd
ixighexatetraseniun (abweisss) to the percentage
reduction (oxdinate) of the height of centrastion
produced by the esme dose of deosmethonium,
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IABLE 8

Couparison of the potency of the compounds, dipenta-
sulphonium, dihexasulphonium, dihexaazzonium, diccia=
sulphonium, dicctaazonium, didecasulphonium, dideca~
azonium, dihexone, trishexatetrszonium, trisdeca=~
tetrasonium, with tubocurarine on the frog rectus
abdominis nuscle.

: Potency in terms of
Compound tuboourarine = 100
Dipentasulphonium 25
Dihexasulphonium 25 ‘
Dihexaazoniun | 50
Diocctasulphoniun 10
Dioctaazonium 20
Didecasulpbonium 10
Didecasgonium 10
Dihexone 2
Irighexatetrazonium 50
Irisdecatetrazonium 20




figure 71%* Isolated frog rectus ab&cminie muscle#

(@) All contractions were due to 0#20 pig# per
ml# acetylcholine acting for 1*5 minutes#
labelled contractions were preceded one
minute earlier by

At A*B and C, didecaaionium 5*10 and 15 pigh per ml*
respectively#

At BtE and tubocurarine 1* 1*5 and O#75 pg*par ml#
respectively#

At fH and I# dideocasulphonium 5$ 5 and 20 pigh per ml*
respectively#

(b) All contractions were due to 0#10 pg« per ml#
acetylcholine acting for 1*9 minutes*
Labelled contractions were preceded one
minute earlier by

At AfB*C and I (dipentasulphonium 5* 2#5# 1 and 0*5 pg* per
ml* respectively*

At DfF and 0* tubocurarine 0*5* 0*25 and 1 pg# per ml¥*
respectively#



ffisure 72% Isolated frog rectus abdominis muscle#

(a) All contractions produced by deeameihonium
2*5 |sgft per ml# acting for 2 minutes# fhe
addition of becamethonium was preceded one

minute earlier by

At A* B and Ct dideeaasonium 10* 5 and 2*5 t*g* per ml*
respectively*
(b) All contractions produced by becamethonium
2*0 pg* per ml* acting for 2 minutes* She
addition of decsmethonium was preceded one
minute earlier by

At A and 2* trishexntetrasonium 2*5 end 1*25 tig* per ml#
respectively#

At B and 0* dioetaazonium 2#5 and 1*25 tig* per ml¥*
respectively#



246,

The neureozuscular blecking potency of these compounds
in different species is compored with that of tubocurarine
and is shown in Table

8., Effects upon the Blood Pressure of the Anseathetised
C&t.

Tubocurarine in doges of C,1 to 1,0 mge per kz. caused
a £811 of blood pressure of varying intensity in
ansesthetised cets ~nd dogs®?, The f£r11 1in blood pressure
which follows sdministration of tubocursrine is probably
due to blockade of tronsmission of sympathetic vesoe
congtrictor impulses at the ganglion synapse, It may
alao be partly due to liberntion of histauine”, 1In
ordexr to investizate whether the new compounds resembled
tubocurarine in this respeet, their effects upon the bdblood
pressure of osnaesthetised cats were studieds HNone of the
onmpounds caused a zisnificant rise or f211 in the hlood
presgssure when administered in doges ranging from 0.5 to
2.0 mzs per kge excepting trisdecatetrazonium which
alweys caused the blood pressure to fall when ziven at
doses of from 0.5 t0 1.0 nge per koe (Pigse 73,0 ond 74,&;
pages 248 and 249 ), A moderste £2l1ll of blood
pressure was observed in one cot fellowing 0.4 mg. per kge
of didecsazoniun (Fig.T4,b)e Tubocursrine (0,5 to 1.0

nge /
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TABLE 9

Comparison of Potency of Dipentasulphonium, Dihexasulphon-
ium, Idhexsgulnhoniun trimethiocdide, Dihexasgonium,
Dioctasulphoniunm, Dioctaazonium, Didecasulphoniua, ''idecge
azonium, i.thexone, Irishexstelragonium and Trisdecaltetrg=
gonium with Tubocurarine taken as 100 in different species.

caAY RAT BAPRIT MOUSE PROG
Compound TGastro~ | hrenic| Phrenic|ilead UTOp| ADPToX~ Kcetyl~
eneniug=| diaph- | Liaph= Doze imate choline
gciatic |ragn ragm median | antage
parsl- | onism,
yoing
) dose
Dipentasule
phoniun 95 200 12 29 28 25
Dihexasule
phonium 95 100 1-2 30 25 25
Dihexaazone
ium 100 300 1-2 21 17 50
Dioctasule~
phonium 33 200 2 46 250 10
Dioctaazon-
ium 50 150 2 42 200 20
Didecasulph~
onium 100 15 1.2 52 200 10
Didecaazone
iunm 100 15 1-2 39 125 10
Dihexone 12 T Oe6 28 33 2
Trighexatetr- _
azonium 300 300 2 58 50 50
Trisdecatetr
azonium 50 - 2 28 250 20
Tubocurzrine 1020 100 100 100 100 100
I’Jecﬂ.rae‘thaniwnI 1600 75 - 69 5ed contracte
ure




Figure 75.

Cat. Pentobarbitone anaesthesia* B
pressure record from common carotid artery.

lood
Brags

administered intravenously and followed by 4 ml.

saline in each case.

(a) At
At
At
At
(b) At
At
At
At
At
At
At
At
At
(c) At
At
At

A#
B#
Us

A#
B#
C,
S,
B#
2o
£4#
F,
Q,
A*
B*
C#

dipentasulphonium
dihexaeulphonium

saline 4 ml.
tubocurarine

adrenaline
aiftexaaionium
diliexaasonium
saline 4 ml.
dioct&aulphonium

tubocurarine

trtshexatetraaonium

didecasulpboniua

dihexone

triadeoatetraaonium
trishemtetragonium

dideocaasonium

o O

N B B O

R R HEHNMNNMNRDN
o o0 © 0O o © o

.0
.0
.0

.50 mg. per kg.
.50 mg. per kg¥
.50 mg. per kg.
tig. per kg.
mg. per kg¥
mg. per kg.
mg. per kg.
mg. per kg.
mg. per kg.
mg* per kg*
mg. per kg.
mg. per kg.
mg. per kg.
mg. per kqg.
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fimre 4. Cat. Pentobarbitone anaesthesia, Blood
pressure reoord taken from the common carotid
artery. Drugs administered intravenously and

followed by 4 ml, saline in each ease.

(a) At kt trisdeoatetrasoniuni 1,0 mg, per kg.

At S# saline 4 ml.
At Bf ©__\ _\ 3\ 1,0 mg, per kg.
At $# tubocurarine 1,0 mg, per kg.

(b) At S# saline 4 ml.

At A, dideocaasonium 0,40 mg, per kg.
At didecasulphonium 0,40 mg, per kg*

243.
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kge) usuelly caused o woell-sarked f£pll of blood pressure

in th2 anaesthetised cat. in some cote there was alight
initi;l £rll followed by a well-merked rise, end in somd
cats & wellenerked rise and then & fall in the blood |
pressure level were seen following the injection of
tubosursrine (Fige 73,b and c¢)e«  These effects of
tubocurarine and the effects of come of the other compounds
on the blood pressure of the ansesthetlsed ¢at are shown

in Figures 73 and T4.

e

In order to study the gonglion blocking sotivity of
the compounds under investigation, their effects were
studled on the response of the nictitating membrene to
stimzlation of the pregenglionic fibres of the cervieal
sympathetics There was a slisht reduction of the height
of contraction of the mnictitating newbrane following the
injection of 0,5 to 1,0 mgs per k.. dosea of compounds,
dipentagulphonium snd ditexsazonium (Fiz. 75, page 251).

Yheraas dihexasulphonius triuethiodide, dihexnasone
iua, dioctesulphonium, ﬁioctaazon&&&, &id&oaaalyhonium,
dihexone, trishexsietrazonium and frisdecatetra-
gonium at doses of up t0 3.0 mre. per kie showed no

activity /




Figure 75, Cat gastrocneiaius-aclatlc preparation.
Pentobarbitone anaesthesia. Contractions of
nictitating membrane elicited at 3 minute intervals
by preganglionic stimulation at a frequency of
1*000 impulses per minute# 10 volts* 0,5 msec, for
15 seconds, Drugs administered Intravenously one

minute before the stimulation.

At A¥* dihexasulphoniura 1,0 mg. per kg.
At B¥* " 0,50 mg. per kg.
At O* dlpentasulphonium 0,50 mg. per kg.

At D¥* tubocurarine 0.50 mg, per kg.
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agtivity, &idecaaxoni#m exhibited 2 stisalant ellect,
Followlng the zdulnistration of didececazonium in the dose
range of 0,25 to 1.0 nge per Kie, there was a
significant contrsctlon of the nlctltatling membrane

nad the effect was 2 long lasting one (Pige 76, pe253)s
In contrast to these compounds, tubocurarine in doses as
low a8 0.2 mze per ke alweys causcd s morked reduaﬁion
of the ewplitude of the conirmetion of the nictitating
membrane . sone typical effectis rre shown in Figures

75, 76 and 77, pages 251, 253 and 254,

10, %he Effect on the iiesgpirut
w

Lote

The continuous intrevenous infusion of the new
compound investigated, as well ag of tubocurarine and
decuumethoniun, always resulted in respiratoiy paralysis
in the pentobarbitone=snpesthetised cst. If adninistrate
ion of the druz was stopped ilnmumedictely upon cesgrtion
of the respirstion, spontaneous respiroiion began again
in a certain proportion of enimals. As a rule,
artificial respiration had o be given until sponteneous
respirstion began agaln, ihie slweys produced complete
recovexrys. The dose required te cause respiratory
parslysis was alweys higher then the dose required %o

cause /




ffigure 76%* Cat# Pentobarbitone anaesthesia#

(a) At Af contractlone of nictitating membrane
elicited by preganglionic stimulation at
12 volts* 1*000 impulses per minute* puls#
width 1*0 msec* for 15seconds#

At B* didecaazonium 0*50 mg# per kg# intra-
venously.

(b) At A* contractions of nictitating membrane
elicited by preganglionic stimulation at
15 volts* 800 Impulses per minute*pulse
width 1*5 msec# for 15seconds#
At B* infusion of dideocaasonium (0*20 mg# per
ml*) at 1die rate of 0*80 ml* per minute for

10 minutes*
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cause gomplete neuromuscular paralysis in the cat nexvee
mugscle preparation. The respiratory peralysirg dose
es well as the potency in termes of tubocurarine taken ae

100 are shown in Teble 10, page 256.

Tubocursrine weg more potent than any.of the compounds
tested, excepiing trighexatetrazonium, This conmpound
was 8lightly more potent in paralysing respiration but was
%3 times as potent as tubocursrine in causing neuromuscular
bloék in the czt. Figure T8, paze 257 shows respiratory
paralysis due to irishexatetrazonium, dioctasulphonium

and didecasgoniune.

11, Experiments on isolated Perfused Rebbit and
Kitten learts.

None of the new compounds in doses of up to 1,0 mgs
had any depressant effect upon this preparation. A
8light increase in the rate and amplitude of the henrt
beat was observed, and the outflow of the heart was |
8lightly increased.

12, ZExperiments Carried Out Using the Isolated
habbit llucdenun,

All the compounds showed stimulant properties on this

preparation in dose reage of 10 %o 20 pz. per mls. This
efiect /




TABLE 10
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Comparison of the Respiratory Parslysing Potency of
Dipentasulphoniun, Dibexasulphoniuag, Dihexaagonium,
Diocctasulphonium, Liocteasoniuam, Lidecsesulphonium,

Didecaazonium, Dihexone,
deeatetrﬂzaﬂiua and Decsnethoniusn with /

indieatia:

she

Paralysing Loses in the Anaesthetimed Cats

?riahexatetrazonium, Trig-
Tuhocurarine
fndividual and Aversge Hespiretory

aedp;r bory ;ﬂx dysing
- | Potenoy
Compound DS s e e e U 2 s SR boow:
(’3}1;;;:0 per kég*jo) (m?;‘;a per kg.) (igeoguigg‘i
Lipentasul=
phoniun 072, 930, 70 DeT6 6%
wihexapule
phonium 1.2{7, 1015_‘ 0e86 1&07 45
Dihexagazonw
ium 1.*:), 11»60. {0496 0.85 55
Diocctasule=
phonium 1.10, 1.0, 0.68 0.93 51
bioctaazon- _
fum 1540. 1:08. 1.25 1*2‘- 58
Didecasule~
phonium 1.23, qu{}’ 1.40 1.19 ‘ﬂ
Didecarnzone
ium {3164, 90603 3048 Q.57 84
Pihexone 1012, 206. 2;0 1.70 28
Irishexatet- .
razonium Oe30, 0.28, 0.48 0435 i
frisdecatet=
razonium L i *
Decamethon- '
ium 0e15, V.12, 0,17 Gelh %320
Tubocurarine | G.40, 0,56, 0,50 048 100

# lio estinate could

be unnde due to vioclent muscular

novenents.




Figure 78. Cat. Pentobarbitone anaesthesia.

Record of respiratory movements of the

epigastrium. Intravenous infusion of drug at

the rate of 0*80 ml* per minute. Concentration

of the drug* 0*20 mg. per ml¥*

(a) At A, infusion of trishexatetrazonium
(b) At A, * ” dioctasulphonium
(c) At Ax* ik ”

didecaazonium.
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effect was effectively sbolished by atropinn‘(0f002 T
0,004 wge per ml.)s In some preparations dihexsasonium,
dihexaauiphonium, dioetasulphonium and diaataasonina}
showed no stimulént effect at these dose levels,
Tubocurarine (10 to 20 pug. per ml.) had no stimalaent
properties in any of the preparations, None of the

¢ ompounds (10 to 20 pg. per ml,) had any observable effeot

on the peristaltic movements of the duodenum. Some of

these results are shown in Figure 79 (page 259).

Dipentasulphonium, dihexasulphonium, dioctssulphonium
and diootamzonium in doses up to 0.2 mz. per ml. had
little or no aﬁimulant effecte upon this preparation.
These coapounds in doses of 0,10 %to 0.20 mg. per ml,.
antagonised the contractions induced by 0.10 to 0.5 pg.per
nle of scetylcholine, Tuboecurarine at similar dose

levels had similar effecta.

Dihexsagonium, dihexone, trishexatetrazonium, didecaw
sulphonium, didecaszonium and irisdecatetrasonium showed
direct etimulant effects at doses of from 0,10 to 0,20
mgZa per nl, The stimulant properties of these compounds

were /
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Figure 79. Isolated rabbit duodenum.

(a) At A, trighexatetrassonlum 10,0 ug. perml.

At B, dihexaazoniua 10,0 ug. perml.
At C, dibexaBulphonium 10.0 ug. parml.
At AS,atropine 0,002 ug. per ml.
(b) At A, dideeaaulphoaium 10.0 ug. perml.
AtB# JSifideeatetraaonlua 20,0 us. perml.
At C, acetylcholine 0,02 ug. per ml.
At I), dldecaaaonium 20.0 ug. per ml.

At AS,atropine 0.004 ug. per ml.
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were blocked by stropine (0,002 pge per ml.)s Although
they ell showed stimulant properties, all of them
antagoniased aeetylcholineninducea contragtions of the
guinea piz ileum when used in doses of 0,10 %o 0,20 |
wge poy ml, Some typiecal resulte nre ghown in Figuiil-
80 (pege 261). o

14e Xsolated Perfused Rot Hindquarterss

Trisdecetetragonium (0,20 %o 1.0 mz,) cauged

constriction of the isclated perfused hlood vessels of
the hindquerters of the rat, Ulher coumpounds in the
dose range of 0425 to 1.0 mg. did not cause any
signifieant alteration in the ouitflow of the perfusion
fluid, Tubocurarine usually couses constrigtion of the
blood vessels in this dose ranges A typieal experiment
is shown in Figure 31 (page 262).

15. Mouse Tewts
Medien Lethal Dose (LDgg)

 The median lethal doses (LDgp) in mice following
intraperitonenl injection of the compuunds investigated,
ag well am of tubocurarine and decamethonium; are shown
in Table 5,p.232, Following an intreperitoneasl injection

of /



Figure 80.

Isolated guinea pig ileum.

(2) Unlabelled contractions caused by acetyl-

(b)

choline 0.02 pg. per ml.

At A, trisdeocatetrasonium 10 pg. per ml*

At AT, atropine

0.03 ftg.per ml.

All contractions caused by acetylcholine
0.2Q Jjig* per ml. Addition of acetylchol-
ine was preceded one minute earlier by*

At A, dihexasulphonium
At B, dihexasulphonium
At 0, dipentasulphonium
At B, dipentasulphonium
At E, dipentasulphonium

0.20
0*10
0.10
0.15
0.20

mg¥*
mg.
mg.
mg¥*
mg.

perml.
perml.
perml.
perml.
perml.



gjgure 81*
tfpetroka indicates vasoconstriction*

(a)

(b)

ft A#
At B,
At o
At

At A,
At B#
At

At 1.

¢ 17 .

Parfujsien if isolated rat hind*uartars *

soeue ff

trisdeeatetragonlum

tubocurarin®
triadeeatc traaonium

tubocurarin®©

dipentasulphonium
tubocurarin®
dihexasulphonium
tubocurarin®

1*0 mg*
1*0 mg*
0*20 mg*
0*50 mg¥*
1*0 mg*
1*0 mg*
1*0 mg*
0*20 mg*

262.
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of a mininel lethsl dose of all the compounds (excepting
didecasulphonium, didecaazonium and lrisdecatetrazonium),
there was a repid developaent of a typiesl flaccid
paralysis., This waa followed by failure of respiration
which wes the apparent couse of death because tha’heart
coniinueé to beet for some time after the respiration

had geased,

With didecasulphonium, didecaazonium snd irisdecaw
tetragonium soxe stlimulant propertles were noticed.
These accompanied the onset of parslysise The mice had
clonic convulgloneg and there was extensor spasm of the

hindlegs before demth,

The ratio of LDgg %o PD5Q as shown in Table 5, p.232
was higheat for dioctasulphonium, whereas that of didecae

azonium was the lowegt.
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CHAPTER IV
b ]

DISCUSSION

The eampouﬁds investigatéd h#ve been shown to
possess neuromusculer blocking setivity when tested upom B
different experimentsl preparstions and intact animalaal
In the et gaetrocne%ias migcle~geiatic nerve
preparation, dipentaeulphonium, dihexasulphonium.
dihexaagonium, dideceagonium and didecasulphonium are
sbout equipotent with tubocursrine. Irishexatetrasonium
ia three times more potent than tubocurdsrine, whereas
dioctamzonium, dioctasulphonium, dihexone and trige
daaﬁtatrazonium are about one half, one third, one eighth
and one half a8 potent as tubocurarine respectively.
Dihexamsulphoniun trimethiodide, the methyl analogue of
dihexasulphonium,is about one fifth as potent as the
perent compound. In ;enersl, the potency of the
Irissulphonium compounds appears to be a little less than
that of the corresponding itrisagonium compounds when
conpared upon cat nerve-nuscle vreparations, although 1%
is of intercst that in the isolated kitten phrenie nervee
diaphragm preparation, dihexsagonium is about three times
as polent as dihexasulphonium. The duration of the
neuromugcular dlock in the cat gastrocnemius muscle

sciatic /
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aciatic nerve preparation, csused by didecssulphonium,
didecsagonium and frisdecatetrazonium - the compound

in which the polymethylene chains separating the
quaterhary‘cenﬁrés each consist of ten units - is from
two to four times as long ag the effect f tubocurarine
glven in equipotent doses. The other compounds appear
fa have approximately the sase durstion of effect em
that seen with equipotent doses of tubocurarine. The
reversibility of the neurcmuscular block csused by the
three compounds in which a decsmethyleng chain hss been
interposed between the quaternary ceanires was very oftem
observed to be incomplete, but that obtained following
the use of the other conmpounds wse, like that following
tubocurerine, completely reversible - even after the

dose had been repeated several times.

The character of the neuromuscular block, produced
by the individusl mem&era of this series of compounds
in the cat, was not uniforn, That the block ceused by
dipentasulphonium, dihexsezonium, dihexesulphonium end
3£§g§ecatetrazonium'ia entirely tubocursrine-like is
shown by the following observationst

(1) Prior to depression of twitch height, there iﬁ .

no /
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no evidence of musculer fesciculetion or of potentiation
of the muscle twitch amplitude,

(2) The block is effectively anitasonised byﬁ

edrophonium, neostigmine, enerine and decompthonium,

(3) Temporary but wellemarked antagonism to the
blookede is shown by adrenaline, potassium chloride and
indireat tetanization of the muscle. | |

(4) The block is intensifled by hexamethonium, ether

and tubocurarine.

(5) The teneion of a tetsnue in the partly blocked

mascle 4ig poorly susteined,

(6) There is no evidence of 2 direct stimulant

effect on the isolsted reetus sbdominis mumele of the

T
s A0

frogz,and antagonism ie shown to aceitylcholine or

decanethenium-indueed coastyactions of the reotus,

(7) A typical flaccid parslysis is seen when thess’

coupounds are injeeted into chicks.

The choaracteristice of the nenromusenlsy block
produced in the ext by dideecssulphonium, didecaszonium and
triadecatetrazonium are different from those described

above /
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above.

(1) Heuremusculer block is slways preceded by |
twitching and musculer fasciculation, and in the case of
didecasgonium there is sn incresse in the twiteh height,

(2) Edrophoniun, neostigmine and eserine do not
antagonise block due to these three compoundsy
edrophonium acturlly intensifies the block caused by

didecsagonium snd trisdecatetrazonium,

(3) Potassium chloride and indirect tetanigation
have no effect upon the intensity of the block,

(4) The block is reversed by hexamethonium and
intengifled by decamethonium,.

(5) The tension of a tetanus is well mmintained
(except in the cnse of didecamsulphonium where the tension
is poorly maintained).

(6) Tubocurarine block is partislly reversed by all

of these compounds,

(7) An initial decamethoniumelike contractural or
spastic parslysie is seen in the chick,

In/
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In the charscteristice outlined above
dideesgulphonium, dideceazonium and trisdecatetrazonium
show typical deccmethoniuu-like depolariging properties,
But in the isclated froy rectus abdominies wuscle, these
three compounda do not show sny direct stimulent effeote
eand all of them antagonise acctylcholine ¢r decamethoniume
induced contrections. ‘hen it can be demonstrsted that
these cémpeuﬁaa poasess 21l of the other typicsl
depolarizing properties, leek of stimulant getivity on
the isolated frog rectus abdominis muscle is rather
difficult to explain, becsapethoniua which causes a
marked nicotine-like contrsecture of the frog rectus
has a much wesker atimulant effect thsn these compounds

on the igolated rabbit duodenum ané guines pig ileunm,

Dioetesulphoniun, diccteazonium snd dihexone have
what sppesnr to be predominantly tubocursrine-like
propertles and nre sinilar to dipentasulphonium,
dihexasulphonium, dihexesazoniun and trishexetetrazonium,
vhose quaternary centres are separsted by polymethylene
chains eech consisti~g of Tive or six units,. On the
other hand, neurozusculesr hlock esused by these compounds
ig not well antagonised by neoatismine znd the tension

of an indirvect ftebtsmnus in %he mwscle, partly blocked

by /
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by dioctauulﬁhoninm, is well susteined « a decamsthoniume
like effect,

Decamethonium and suxamethonium, and tubocurarine
"and gallamine all ceuse neuromuscular block, yet they
bring sbout their effects by mechanisms which appesy

to be of two quite distinct typese Three of these
compounds possese two gquaternary centres, while

gallamine has three. Decamethonium, suxamethonium and
tubocurarine axre =othonium derivetives; gsllamine 4w

an ethonium compound, It hes been suggested that the
distance between the quaternary centres is oriticsl

and should be within the range of 12 to 14 Angstrdm units,
The funection of the sroung on the guaternary nitrogen
atons is less clear. It is tempting to sugsest that
methonium compounds are predoninantly depolarizing end
ethonium compounds have competitive (i.e. tubocursrines
like ) properties,but ‘ubocurarine, s bismethonium compound,
causes neuromuscular block by competition, and some of
the ethonium compounds described in this thesis cause
block by depolarizaztion in the cat, “eversl
investigatoras have atiempted to anslyse what apresrs to
be an important relstionship between the =bility to cause
excitation /
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excitation and the presence of methyl groupinge. The

1 revealed that s

early observations of Burn and Dale
loss of excitstory properties,as well as the sppearance
" of ganglion blocking activity,were aseociate& with the
replacencnt by ethyl groups of the methyl groups of

the tetramethylammonium ion. The effect upon the
mechanisn of action of seversl series of neuromuscular
blocking agents of ethyl substitution on the quaternary
centres,as compared with that of methyl subetitution,
hes been investigated by a number of workers® @ 10,
Riker and WescoeB observed thst replacement by methyl
greupa.of the ethyl zroups in the quaternary nitrogen
centres of gallasine resulted in s loss of potency,

but that this logs did not appesr tu be associcted with
& chenge in the basic mechanism of action. A
significant loss of neuromuscular blocking potency did
not take place until at least two of the ethyl groups
upon each of the queternary nitrogen atoms of gsllemine
had been repleced by methyl groups. Accordingly, the
tris (diethylmethyliuincethoxy~) derivative, when tested
upon the nerve muscle prevaration of the est, cloael& |
regerbled gallamine in its neurocsuscular blocking
activity, wheress the iris (triwethylaninoethoxy-)

derivative /
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derivative had spproxinmately one~fourth of the
neuronuscular blocking potency of gsllemine, ﬁeayitc
the slterations in potency produced by these changes,
8ll of the compounds tested continued to exhibit

(when ;iven in eppropricte doses) reuromusculer blocking
aotivity indietinguishable in type froa that shown by
gallamine, |

In another series of itrigquaternary ammonium
eombounﬁs, Kensler et slia’ reported that the methomium
derivatives were less potent than the ethonium
derivatives, but did not obssrve any chenge from a
uniform tubocururine~like mechanism of neuromusculer
blocking action 10 an effect reseubling decsmethonlum,
The ethonium derivetive of bensoquinonium has been
reported by Hoppe et aliall to be tubocursrine-like in
ite mechanism of action, whereas in the cat the methonium
derivative was found to poaéesa ptriking decamethoniume

1ike propertien.

In the polymethylconebisquaternary ammonium series,
the effects of replacenent of the methyl groups on the
quaternary nitrogen atoms by ethyl groups were studied
on the chlcken nerve rnuscle prepsration by Thesleff znd

Unna7 /



Unna’, end on the rat diaphragm and Tabbit nerve-muscle
preparation by Barlow, Roberis and Raias. These
investigatcy:z observed a reduction of potency as vnii an
& ohengze in mechanisau o action when the nethyl groups
on the quaternary nitrozen atons of decamethonium were

réplaced by sthyl zroups.

In the series of polynethylene EgggguatérnanyM
éovivativae'whieh the author of thig thesie has
investigated, the nethyl snalogue of dihexasulphonium
was tested for neuromuscular blocking activity. Vvhile
dihexasulphonium was found t0 Le equipotent with
tubocursrine on the cat, dihexasulphonium trimethiodide,
the uethonium enalogue, wag only one~fifth as potent as
the parent compound or tubocurerine but the mechanism
of action remeined unslicred, This observaetion,which
aleo shows thet a etriking change csn take place in the
properties of a neurormuscular blocking agzent following
an alteration in the nature of the substituente on the
quaternary nitrogen atome, ie similar to that seen with
gellamine and its wethyl analogue but is contrary to
that observed with the decasethylene bigtrimethyl and
triethyl coupounds (decamethonium ond decaethonium) of
Barlow /
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Barlow and his colleague.

In the polymethylene bisquaternary series studied
by Thesleff aend unna’ and viien et alinla, hexaethonium has
been shown to have weak neuromuscular blocking activity
vhen tented on the chicken pasirvenenius muscle-aciatie
nerve preparation, and on the isolated rabbit parenie
nerve~diaphragm preparation. This compound has only wesk
genglion blocking activityla. “hen the ethyl groups on
the nitrogen atous are replaced by methyl groups, the
neurcmuscular blocking netivity is turther reduced
elthouzh the compound now becomnes a poient genglion blocking
agentlz. The molecules of dihexasulphonium and ‘
dihexasulphonium trimethiodide nmay be considered to be made
up of two hexsethonium mnd two hexamethonium residues
reapectively, which are linked together through a
sulphur atc:, She reduetion in the neuromuscular bloocking
potency of dlhexasulphonium trimethiodide, the methyl
analogue of dihexesulphonium, eppears to be related to that
observed when hexauethonium snd hexsethonjium are compared,
although the absolute lack of ganglion blocking sctivity
shown by dihexssulphonium trimethiodide (see page 250)
is in shorp contrast to the potent ganglion blocking

sotivity /
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activity of hexcumethonium,.

In the polymethylene bisquaternsry emmonium series
the influence on ihe neuromuscular blocking potency of the
length of the polymethylene chain separcting the nitrogen
atoms wes otudied by Farlow rnd Ingl3, Paton :nd Zaimig™sd$,
and Thesleff snd Unna'l ueing the robuit head drop method
egnd the chicken end cat geostrocnemius muscle-gciatie
nerve preparstion, Thease workers observed thet in the
bisquaternary wethonium serlies maximunm potency was
obteined with decemethoniume In the bigtriethylemmonium
series Berlow end ing13 alao obgerved that the sctivity
gradually rose smé wes moximuw in the compound heving
thirteen csroon atone in the polymethylene chaine That
the type of aetivity in the neuromusculer blocking agents
is slso influenced by the length of the polymethylene
chains separsting the quaternary centres was shown by Paton
and Zainisl® in the eot, end by Thesleff ond Unna7 in the
chicken gestrocmenmius wmuscle-gcistic nerve preparation.
They observed thet peniamc*voniuz end hexamethonium had
tubccurﬁrinemlike retivity, while dec sethoniunm coused
neuromusculer hlock by @raducing depolarizotion, A lerge
series of bigsquinoline snd bis isoguinoline derivatives in

which the nitrogen atoms were linked by a decamethylene
chain / |
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chein hag been studied by Collier and Taylorle and Taylor
and Collierl?, A etudy of the effects of altering the
length of the polymethylene chain between the nitrogen

atoms in the &, T-dimethoxy and 6,7,8«trimethoxy

derivatives revealed that in rsbbits snd mice maximum
neuromuscular blocking setivity was obitaired with the deca
snd undecaucthylene nemberst8, These compounds had a
tubocurarine-like meéhaniam.ef actienlg. In the trise
sulphonium compounds, dipentesulphonium snd dihexasulphonium,
in which the guaterzery centres are sepsrated by polymethyl-
ene chaineg of fivevand gix units respeetively, beth the
mechaniasm of scticn snd the potency are the same as those

of tubocurarine in the cates Vhen each of the polymethylene
chains is incresced so =8 to contain eisht unitse (as_in
dioctasulphonium)} the compound etill hes predeminantiy
tubocurarine~like propertiss, but 2 few transitional
properties are seen, On the other hand the potenecy is
diminished thureefold when this compound is comprred with
compounds having five and six methylene units in between
"the two quaterncry centres.  <hen the polymethylene chaina
are furthér ingreased so that esch containe ten units (as in
didecasulphoniun), the potency remaineg unaltcered and is
comparable with thet of cowmpounds having five snd six

membered /
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membered polymethylene chains in between the quaternsry
eentres, but the mechenism of action becomes entirely
different., Neuromuscular block produced by these
compounds in the cet is very similer to that csused by
decamethonium except that the tension of oan indireect
tetamug in the psrtly blocked muscle is poorly maintained
- a pronerty shared with tubocursrine. In the
trisagonium compounds s similer sequence of events takes
place when the polymethylene cheins sepsrating the
quaternary nitrogen atoms are increassed in length. In
dihexaezonium where the polymethylene chaine esch consist
of six unite, both the potency and mode of action are
similar to those of tubocursrine. In dioctaszonium

where the polymethylene chains each consist of eight unite,
the properties are similar %o those of tubocurarine except
that the block is not soc well antagonised by neostigmine,
On the other hand potency is reduced to about half of that
of dihexaagonium. In didecaazonium, where the polymethyl-
ene chains sre increased to contain ten unite in esch, the
neurcmuscular blocking sctivity is decamethonium-like.

The potency, however, rises sgain and this compound is
equipotent with the compounds which have five and six
polymethylene unite sepsrating the qusternary centres.

in /
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In the case of the compounda conteining four
nitrogen stoms similar phenomense cxn be observed when the
polymethylene chain length 1a incressed, gggphexatatraé
gonium hae properties in the cat which =2re similar to
those of tubocurarine, but is about three tiwmes more
potent, This compound hzs polymethylene chains which
consist of eix units in srche Irisdecstetragzonium =
snother tetrazonium compound in which the quaternary nitrogen
atoms sre geperated by polymethylene chsins esch coneisting
of ten units « hes propertics which are entirely different
from those of tubocursrine and in the cszt closely resembles
decemethoniunm, The potency of “his compound ie about one
hal? of that of tubocursrine. This difference in
mechanism of action =nd potency in the iris s2nd tetra-
guaternary compounds appesrs to be due to the alteration in
the length of the polymethylene chains between the nitrogen
atous. Vhereas in the bistriethyl ond bistrimethyl
ammoniun series, the §oﬁency increaaea.frem the compounds
which have five or aix membered polyuethylene cheins to
resch & maximum in the compounds having ten (in the
methonium series) and thirteen (in the ethonium series)

13,1
5 5. in

carbon atoms separating the quaternsry nitrogens
the iris snd felraqualernsry coopounds which have been

investiguted, /
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investigated, it hzs Leen observed that there is a

deereasd® in potency with increase in chein lengthes Thias
is apparently not in agreement with observations made in
either the methonium or ethonium compounds of the
bisquaternary seriesidsl4, Yhe chznge in the mechanism
of eotion which is seen in the trsnsition from the
hexamethylene compound to the decsamcthylene compound in

the itrisquaternary series is similar to that ohservediin
the traasition Trom hexspethonium to decamethonium in

the polymethylene hisauaternary trinsthyl ammoniua earies7.
The apreorance of some transitional properties in
diocetasulphonium and dioctaszonium - which have polymethyle
ene chains of eisht uniis = ig 2 ohenovmenon sinilar te

that observed in hepita- and octamethoniun. In the bige
triethyl amamoniua seriea, however, the mechasnism of action
renains unaltered, Both hexamnethonium and decamethoniunm
pousess tubocurarine-~like properties, 3ince the compounds
studied in this investigation were all ethonium dexivatives,
the {ype of activity was expected to remain unsltered in
much the same way ¢s in the bistriethyl series, and not
to alter in the wsy obamerved in the bistrinethyl series

of HBorlow and Xngl3 and Paton and Zaimisld,

These /
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These properties ¢:n be expleined if it 1s
cegumed that the type of ectivity = decsmethoniumelike,
transitionel or tubocursrine-liike - depends not so much
on cheln length or oﬁ the neture of the substituents on
the queternsry nitrogen atous pe on the firmmess with
whieh the molecules sre sdsorbed on it¢ the receptor
surface., | If depolsriging cctivity i: esssocisted with
very firm edsorption, then coapounis with seversl
‘adsorbing groupa might be sxpected to show decsmethoniume
like activity, while compounds with fewer strongly
edsorbing groups should have tubocursrine-like sctivity.
Even this theory does not explain everything but if a
further assumption is azde that the receptors on the post
syneptic meubrane are of two types, {a) of » strongly
adsorbing type (S) ond (b) of o less strongly adsorbing
type (W), snd that these follow a regular psttern then 1%
is poasible to speculate a litile further. Supposing that
the strongly a&sarbing receptors are about 14 i apart
and that the less strongly adsorbing receptors be about
midwey betweon a group of four of the former arrsnged in

2 pattern s follovatw

&
(14

end /
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and thaet this pettern is reproducible indefinitely at the
end-plate regions A compound like hexamethonium or
hexaethonium might cowbine with one (S) snd one (W),

( (S) =~ (%) ), =not a vefy strong sdsorption snd likely
to be essily reversible, lecauethoniuan on the other hand
should coubine with two (5}, ( (8) - (8) ), snd so be
firaly held to the receptor suxfasce, The deeamethylehe
compound with four guaternsry nltrogen etons would

combine with four (§) receptors, { (5) = (3) = (§) = (8) ).
The hexamethylene compound with four gquaternary nitrogen
atoms should combine with two (5) receptors and two (W) -
receptors, ( (s) = (¥} - (5) - (W) ) and would be more

- wemskly held,

The funetionzal relestionship of tubocurarine to
acetylcholine has feéused attention upon the role played
by the gusternary centres in the neuromuseulsr blooking
agents. tg hes heen mentioned in the introductory
section meny drugs such rs atropine, quinine, strychnine
ete, show s marked inerease in neuromiusculer blocking
ectivity when their nitrogen ntomg sre queterniged, On
the other hend, =m'my nongquaternary (tertirry) smmonium
compounds such es quinine, nicoctine, erythroidine |

derivetives /
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derivetives eto. have neuromuscular bloeking activity,

The occurrence of potent neuromusculer blooking setivity
in tertisry ammonium brses guch re 6~aryt§reidine,
dihydro-p-erythroidine end the éiﬁaﬁpearaﬁee of this
activity in B=erythroidine methiodide = the quaternary
methonium ealt of B-erythroidine - show that although the
presence of quaternsry centrea in the molecule is often
necessary for the neuromuscular hlockinz actiiity, their
presence is not esgsenti-1l in every clrmas of compound.
“hile certain monoquaternsry compounds (such as the
U=toxiferines) can be shown to possess neuromuscular
blocking =ctivity, compounds having two quaternary centree
have aroussd the most interest in the siudy of the
neuroauscular blocking agenha, sease of the important
compounds in this zroup (such es the strsight chein
compounds, quinoline =nd isoquinoline derivatives snd others)
have already been descyribed im the introductory chapter

of this zection of the thesis.

A number of compounds with three snd four quaternary
centres snd having neuromuscular blocking setivity have
been investigated, but sll of the nlinically'ueeful
neurcmuscular blocking agents possess two quaternary centres

(e xcepting /
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(excepting gsllamine which has three). Decame thonium,
suxame thonium, benzoguinonium « sll of which contain two
quaternary nitrogens - sre much more potent than gallamine
which lies three gqueternery nitrogen stoms,  Other
compounds having three and four quaternary centres

(see pages 116 and 117 ) hiave been exnmined only in experie
nentsl anianls aﬁ& found to be much less potent than
tubocurarine. From thege obscrvalions 1t is rather
difficult %0 understend the role of the aetiuel number of
guaternary centres in neuronmusocular blocking potencys On
the othur hend, when the nuaber of quaternery centres in

8 particulsr seriss of coupounds ia incrsased there appears
t0 be a definite relationship between the potency and the
nusber ol guatermawy Sous in the molececules Thus a series
of ethers of P-hydircxyethyltriethyl anmonium, F.2512,
¥.2557 and F.2559 (gollocine) {P1g.82, page 287)

having one, twc énﬁ three gqueoternary centres respectively
were shown by Eﬁlbriﬁg rud $e§iarrggg to possens
neuromuseulay blocking activity in the rat phrenie nervew
Giaphragu prepcretion in the retio of 2: 20: 100, i.e.

in this series there is on incresse in potency with
increase in the nusber of guoternsry centres. Tn the
scries of coapounds wiich hove been ilnvestigated in this
section /




Figure 82#

o W) N €2H53 o (CH2)2£5'2H5"3

o(ch22n (*2*5)3
B. F 2557
o(CH2)2N (*255)3
"0(CH22 N (c285)3 31

O(CH2)2 N (C2H53

c. F 2559 (Gallamine)

The structural formulae of f #2512*
F#2557 and F#2559*
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gection of the theais, the relstionship between the

nunber of quaternary centres and the neuromuscular blocking
potency is not clear, In the hexamethylene nmembers of

the series, dihexone (a bisquaternary derivetive with a .
sulphone (-35)2) group in the centre) is about one~eighth

as potent as tubocursrine in the cat. when the (=50,)
group is replaced by ~ § - Or - i:%, -~ , dihexasulphonium
or dihexaagonium are pieduced respectively, both of which
contain three quaternsry centres and have a potency equel
to that of tubocurcrine in the e¢st. Further, when the
overall chain length is increszed s0 as to intervoss
another quaternary nitrogen atom, trishexatetrazonium is
produced., This cosapound ig three tines as potent rs
tubocurarine in the cat. It has been shown thot in the
compounds dihexone, dihexaszonium snd irishexatetrazoniua
(having two, three snd four quaternary centres respectively),
the ratio of neurosuscular blocking potency is of the order
of 1: 81 24, which is siuilsr to that obeerved in the
compounde F.2512, F.2557 and F.2559 (gellamine)s On the
other hnnd, in the decamethylene meubers of the present
series trisdecatetrazonium - which hass four quaternsry
nitrogen stows « is only one hslf es potent in the cat as
didecaazgonium, a compound with three quaternary nitrogen

centres./
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centres, When the potency does appesr to be related to
the number of quaternary atozs as in the hexamethylene
members of the series, it is rather dilfiocult to explain
why it should not aleo hold true for the deczmethylene

menbers,

The replacement of the centrasl quaternary nitrogen
atom in dihexmagoniun, dicetazzoniun end didecszzonium
by e quaternary sulphur atom smppeers to have some slight
i nfiuence on the neurovmuscular blocking potency of these
compounds In the cat dihexasulphonium appears to dbe
glightly lesw poﬁent than dihexaszoniumg 1t ie moxre potent
in the rebbit and uouse (Leble 9, page 247).
In the octawethylene compounds, the trigsulphonium
derivstive, dioctesulphoniwa, is =lso slightly less potent
in the c¢cat than the irisnitrogen derivetive, dloctrazenium,
but is more potent in the r bbit and mouse (see
Taile ). » Ig sdaition, the wéllnmaintainea tension
of a teterius in the partly blogked uuscle, and the
less well-marked antaconien by necstigmine seen in
dioctnsulphonium may be due to the replacement of the
guaternary nitrogen atoms by quaternary sulphur stoms. In
the case of the decamethylene compounds, the trissulphonium
coapound, didecazulphonium, hes some properties which ensble

it /
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it to be distinguished from the jtrisagzonium compound,
didecaazonium.,  In the first place, following
administratlion of didecasulphonium, there was no‘initial
potentiation vf the twitch height of the gastrocnemius
muscle of the cat in reeponse to indirect stirulation yis
the sciatic nerve, which was usually observed in the caee
of didecaaszonium, Secondly, the tension of a tetanus in
the muscle partly blocked by didecssulphoniui was poorly
sustained, This wes in contrzast to the well-maintained
tensicn of a tetanus cof the pertly blocked nuscle
following administration of didecmazonium. Thirdly, the
neurcmsgcular block caused by didecamsulphonium was either
8lightly reversed or not influenced by the sdministration
of neostigmine or edrophoniun, wheress neostignine had no
effect upon, ond edrvophonium intensified the neuromusculay
block caused by didecaasonium, JFurther, didecasulphon-
ium was equipotent with didecaszonium in the oat,

but elightly more potent in the rebbit and mouse (Table 9,
page 247). These differences in the properties of
ﬁidscaaulphcnium and didecmazonium appear to be due to the
replacement of the central nitrogen stom by = sulphur atom,
because the two.compounds are otherwise structurally
identicals The observed change in potency of the trise
sulphonium /
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Iriseulphonium and trisszonium compounds, although only
slight in different species, is not in entire agreement
with the observation of Velker?d who, using the rabbit
head drop test, found 2 reduction in neuromuscular
bloeking potency by repircing the quaternary nitrogen aton

in decemethonium by & quaternsry sulphonium rtom,

Other factors mey come into play snd it is possible
that the degree of solvetion of the custernsry centres is
important in determining both potency and tyne of effect,
Unfortumtely, no data is yet saveilable but it seewms
poesible thst 2 ertionic group which csrries e large number
of molecules of water is likely to be held less firmly to
the receptor surfsee thron one which hre a small "molvetion

shell”,

From a pharmacological standpoint an ideal drug is
onniwhich exerts a specific effect upon a given organ or
system without producing other effects in other parts of
the body. Many compounds have been described which possees
considerable neuromuaculer blocking potency but, in mest
instances, they lack specificity of action. They mey,
for example, block nerve iampulse trensmission in the

asutononic nervous system either =t the genglia or at the

periphery, /
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periphery, and they asy cause liberation of histamine ox
have a marked depressant effect upon respiration, In
sone inastences these secondzry effectm are of sufficient
intensity to csuge inconvenience in the routine clinical
spplication of the druis. Lack of complete specilieity
of neuromuscular blocking activity among the competitive
type of neuromusculsr blocking ngents is illustrrted by the
faot that tubocursrine possesses noi inconsidersble
ganglion blocking metivity®? topether with the copaoity %o
liberste histsmine?°0%4529,  ohoee properties mre quite
marked in dimethyl tubocursrine, although they are less

26,27

noticeahle then in tubocursrine Although

laudexium shows little clinicel evidence of =ny histemine

28

releage =nd ganglion blockade™ , ite neuromuscular blocking

effect is more prolonged then thet esused by tubocurarinelg'?g,
end neostigmine even in exccssive doses le a less effective

antagnnist3g. Grllamine, slthough lazcking the properties

which csuse release of histenine’l and genglion bloekadeao,

haea the disadventage of cousing sinus techycsrdia due to
ite selectiive atropine~like parasympatholytic ection on the

32,3334

cardisc vagus becemethonium possesses no

significent genglion blecking35 or histumine liberating
activity’? /
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activity35 et therapeutic dose levels, but it cannot be
considered to be an idesl neuromuscular blocking egent due
to its depolarieing actiont” snd the lack of gsuitable
antagoniete or entidotes, Gf the cowpounds investigated
in this section none shows gonglion blocking ectivity as
msaaﬁred by the response of the nictitating mesbrzne of

the cat, ever when given in doses more then five tines
those needed to cruse couplete neuromuscular block.
Lidecaazonium, however, csuses & contrsgtion of the
nictitating mewmbrene., Didecaazonium »nd irisdecatetrszon-
ium ceuse a8 f2ll in the blood nressure level of the
pentobarbitone-snaesthetised c¢»t in a2 similar way to that
observed wvhen tubocursrine is used,. Other conpounds have
no significent effects upon the blood presaurs,even when
doses many tlaes more than thoase needed to produce complete
parelysie in the cat's nerve-muscle prensration sre used,

A f:il of blood pressure following tubocurarine is believed
to be due to its histemine liberating property =nd a2lso %o

ita inhibitory effoet on sympathetic gonglionic tranemiss-
1on24’25‘36.

Compounde having the following properties appesr to

be suiteble for further inveatigation and clinical trial:

(1) Those /

1
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(1) Those with potent tuboourarine-like neuromuscular
blocking activity.

{2) Those which do not appreeiably raise or lower

the bleood pressure level,
(3) Those which do not slter the heart rate,
(4) Thoso whieh do not cause histamine release.

(5) Those with less respiratory psralysing effects

than tubocurarine,

Some of the compounds investigated, namely, dipentasulphone
ium, dihexasulphonium, dihexsagonium and trighexatetrszonium,
the properties of which heve been reported in this thesis
appear to possess, in the cat, certain desirable features,
On the other hsnd, the species variations in potency seen
in the neuromuscular blocking agentsls is a complicating
factor, and their potency in man cennot be assumed from
that obtained by experinents on animsl, Specien
verictions among the competitive neuromuscular blocking
egents is relatively smallexr than that found with
depolariging agents. There is, in addition, a considerable
variation in the sensitivity of verious muscles of the

same species to the aetion of both competitive and

depolarizing /
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depolariging neuroxuscular bloeking agantals.

The considerable apecies varistions in potency
among the new compounds investizated mnd desoribed in this
thesie is shsred with the other neuromusculsr blocking
agents (mee Table O , p.247 ). 0f these compounds,
only dibexasulphoniua hog been studied on dog nerve-muscle
preparstion by Forreuier and his eolleagu3337 who roperﬁed
it to be equipoteni with tubocursrine. Although this
cbservation is similar %o thet found in the aat, recent
clinical trials and trials upon hussn volunteers heve
shown dihexasulphonium 1o be much less potent than
tubogurarine 2, i%, therefere, appeers that the final
angwer with reapect to potency of these coumpounds in man

can only be obtained by cereful evaluation in man himself,
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SUMNARTY

In the ihtroductory chapter of this section of the
thesls, the hiatory; sources, pharmacological properties
and olinical uses of the alkaloids of curzre have been

deseribed,

fhe mechanisus of neuromusenlar block and the
clessification of the naturelly occurring and synthetis

nsuremuscular blocking agents have been bvriefly reviewed,

A sbort sccount of the properties of the eclinicelly

useful neurcmuscular bloecking sgents is alseo given.

The chemiczl structures of & new geries of trige
quaternsrxy esnd tetraquaternsry ethonium compounds, the
propexrties of which have been investigated in this thesis,

are also deseribed,

In Gﬁapter Il of this =zection, the varioua exyaxiusntn
al procedures used in the investizetion of the properties of
these new compounds sre described, These involve the use
of snaesthetised snd conscious enimels,ss well 25 isolated

tissuea.

In Chapter iil of this section, the resulis of an

investigation/
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investigation of the properties of the new irisquaternary

end tetraquaternary compounds are described,

It has been shown that all of the compounds possess
neuromuscular blocking aetivity on the cat, =s well as
on other preperatiouns, fome of them possessg a potency

equal to, or greater than, thet of tubocurarine itself,

“hile some o1 the compounds investigeted shared the
properties of tubocursrine, others showed iypical

decamethonium~like ectivity.

Like other neuromuscular blocking sgents, the
compounds investigated showed wide species varistions in

their activity.

In Chapter IV of this section, the influence of the
length of the polymethylene chain separating the quaternary
atoms, the effect of multiplication of the number of
quaternary centres, énd the effect of substitution of ethyi
groups for methyl groups on these, is discussed. The
effects of these changes and mechanism of action of these
nevw compounds is also discussed and comparisons mede with

other series of compounds.

It has been shown that an inerease in chain length

in /
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in the trisquaternary and tetraquaternary compounds
investigated decreases the potency and alters thelir type
of activity from being tubocurarine-like to being

decamethonium-like.

The only methonium compound investigated, the methyl
‘analcgue of dihexasulphonium, shows less sctivity than the
ethonium analogue, although the type of aetivity'mim
unaltered,
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CHAPTER 2

IHTEGLUCTIVN

The compounds I and II (Fig.83, I end II, p.305)
were synthesised by Jaffreyal durinzg studies on the
congtitution of the ditertiary alkaloid isochondrodendrine
(Fige83,I71)e Thesme compounis arve relste& chemically
%o armepavine? (Fig,.u3, I¥), coclaurine? (Fige83,V),
gggpoclaurine3 (Fi:.83, VI), and magnocursrined (1iz.83,VII),
lsococlaurine and magnocurarine have been reported to
posgess somne curare-like neuromuscular blocking activity.
Coclaurine is inmctive, Compounde I and II are nossible
degradation products of isochondrodendrine whioh is
chemically somewhat similar to tubocurarine (a bis-
quaternary hase), It was thought worthwhile to test
these compounds for curare~like nctivity, and also to
test the corresponding quaternary selis, especially sinoce
magnocurarine, which is a gqueternary bsse, has been
reported to possess some neuromusculsr blocking activity4,
Some comparisons have been made with tuboourarine and with
a berberine~like compound (Fig.83, VIII) which, like

tubocurarine, contains en isoguinoline ring system’,
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E&€g£g~§2a The structural formulae ¢f I, compound I
11, compound II;' 111, iscochondrodendrinegy IV,

pavinejy V, coclaurinegy VI, isococlaurineg
ViI, magnocursrine and Viil, compound VIII,.
ine systenatic cheniesl neuwes of Compounds I, IXI and

VIIl are given on pages 307 and 308
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Drugs used in the investigetion desorided in this
seetion of the thesis, together with thelir shortensd
nemg, were ag followste

(1) Acetyloholine - | ‘ S
chloride in deseribed as moetylcholine

(2) (w)midronaline

hydrachloride J " *  edrenall
(3) (w)=liozndrensline |

hydrochloride i " " : irenaline
(4) (+)=tubocurarine |
(5 Lecasethoniua |

iodide " . *  decamethonium

(6) Histamine acid

phoaphate . . ®*  histemine

(7) S-hydroxytrypte
. amine amaggim

sulphate o * "  S.hydvaxytryptanine
(8) Fhentolanine "  ®  phentolemine

(9) Dibenamine " » %  4ibensmine

(12) Byderzine b w *  hydergine. |

The Jscauinoline compounds investigoted weres
(2) (1)  (2)mle(4tenydroxybensyl)m2-ne thylebemnthoxyele
' ethoxy /
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ethoxy«l t 2 ¢ 3 ¢ 4 « tetrahydro-igoquinoline
(Figs83,1, Pe305)e . This is desorided asg

- Conpound I.

(11) ?he dextrorotatory isomer of Compound I ia

~ described as Compound ID.

(111) The lasevorotatory isomer of Compound Iis
| degoribed as Compound IL,

(iv) The queternary derivative (methochloride) of
Compound I is deseribed as Compound IQ.

(8) (1) (2)«1e(4l -nydroxybenzyl) = 2 = methyl « T =
.~ methoxy = 6 = ethoxy =1 1 2 13 3 & « tetrahydro-
isoquinoline (Figse 83,IX, pe305) is described
as Compound II,

(1i) the lasvorotatory isomer of Compound II is
ﬂ desoribed as Conmpound IIL,.

(111) Yhe quaternary derivative (methoohloride) of
Compound II is described as IIQ,.

(¢) A compound related to tetrahydroworenine , 5 ¢t 6 ¢
15 ¢+ 158 - tetrahydro = 2 ¢ 35 ¢ 10 7 11 -~ tetrahydroxy~
8 - dibenzo -~ (a, g) - pyridocholine hydrochloride
(Piz483,VIII, pe305) /
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is described as Compound VIII.

The tertisry compounds are insoluble in water but
osn be dissolved in dilute hydrechloric acid at about
pH 5. The corresponding quaternary derivatives are
fyeely soluble in watex, "

The composition of the differert physiologieal
saline soluiions used is shown in Table 12, page 3%6,

By EXPLHIMENTAL

s Irog Hegtus Abdominis jluscles

The experimental procedure was gimilar to that
desoribed on page 33 of this thesis. Reproducible
submaxinal Gantrmctisms}ware obtained to acetylcholine
(0410 to 0420 pge per 1l.), and to decamethonium
(2.0 ©0 245 pge per nls) added at five minute intervals
and left in aonxacf with the tissue for 1.5 minutes,
Drugs under investigetion in doses of 12,5 0 250 pwge per
mle were added a half~ziaute before the next addition of
acetylcholine or decswmethoniuam, and left in contact with
the tigesue for two .iinutess The next addition of the
druz was not asde until the rosponse of the nuscle to a

- giaoilar /
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simllar dose of aceiylcholine or decanethonium had
regained its orizinal magnitude,

The sartorius muscle of the frog lies immediately
under the skin covering the ventrel aspect of the thigh,.

Frogs of either mex were decapitated, pithed and
pinned in the supine position upon s dissecting boaxd.
ihe ekin over both thishs wes removed and the rectus
sbdominis muscles cerefully freed at thelr points of
insertion inte the pelvis, Izving thus exposed the upper
tendinous attachments of the gartoriusg muscles, a bdlunt
seeker wra used to free both the proximal and distal
attechuents of the muscle from fthe underlying tissues.
Cotton threads were ftied around both ends of the nusele
 which was then cut free from its attachments to the femur
and the pelviec girdie, A olight {ension was applied to
the muscle by meang of the threads ifled at each end,

At this stegze of the dissection, the nuscle remained
atlached 10 the underlying iissues by viritue of the soft
connective tissues ruaning slong its longitudinal axis.

usiag the blunt dissection technique, the main body of
the /



31l.

the muscle was freed from the underlying muscles in the
leg, except for the bridge of connective tissue in which
runs the thread~lilke ischiad nerve,

The ischiad nerve enters the sartorius muscle
roughly midway between the two tendinous attaehments of
the latter with the femur and pelvie girdle, Having
freed and then tied the ends of the uuscle, the path of
the nerve from the muscle to itz junction with the
gcilatic nerve was traced. At this point, a fine cotten
thread wes tied arcund the nerve which was then very
gently freed from the connective tissue surrounding it.
Yhen the nerve had heen freed, the preparstion was
removed from the les, Uy means of a fine needls attached
%o the thread at its proxinal end, about one eme of the
nerve was drawn throu h a rubber membrane into a Jeghaped
fluid electrode (Fige84,pe312) filled with double
¢#lucose frog Ringer's solution (page336)s Ome end of
the muecle was attached o an oxygen delivexry itube, the
other t0 g Starling-type heart lever fiited s0 as to
record the contraction of the muscle upon 8 snolked
gurface, Ihe coupleted preparation was then lowered
inte & bath (Filge84,p.312) containiag S0 al. of double:
#lucose frog hinger's solution at room tenperature. The

mgcle /



c-Starling Heart Lever

Leads from stimulator—

-Oxygen delivery tube
Thread tied to ischiad

nerve ' Sartorius muscle

Fluid electrode -- Ischiad nerve

Rubber membrane

Frog Ringeris Solution

Fresh Frog Ringeris Solution.

Figure 84s Diagram of the apparatus used for
recording contractions of the frog sartorius

muscle produced by electrical stimulation of

the ischiad nerve.
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misole was stimulated indirectly through its nerve, and
also directly by means of a Dobbie Melnnes square wave
stinulator delivering 12 impulses per minute, The
duration and folﬁa;p of the impulses were 1.0 msec, and
10 to 15 volts reapectively. One terminal of the
stirulator wes connected to an electrode immersed in the
bath fluid, the other to the fluid electrode. It was
found that this preparation could be stimulated
continuously for up to 6 hours without any signs of
fatigue bvecoming evident,

When the twitch hei:ht of the muscle in response to
indirect stimulation was uniform, the drug under
investigation or tubocurarine (in the appropriate dilution
with the frog Finger's golution) was added to the bhath
and the effeots ohserved for a period of three minutes,
The fluid in the bath was then replaced several times by
fresh frog dwinger's solution from the resexvoir,
Sufficient time was allowed for the twitch height of the
mugele to regein ite original megnitude before the next
addition of the cruge In ony one experiment the voltage,

pulse width and frequency of stlrulation were constant.

- %, Rat Phreniec lerve-Disphrssm Preparation,

The /
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The experimentel procedure was similar to that
deseribed on page 152 of this thesiss The bath solution
was gassed with a mixture of 95 per cent oxygen and 5
per cent carbon dioxide., The muscle wes stimulated
indirectly using square pulses at a frequency of 6 per
ninute at 12 voltsy pulse width 1.0 mgec. | Drugs were
added to the bath and kept in contact with the muscle

for three minutes.

4. Isclated Perfused Xitten feart,
The preperastion was sct up in a menner slumilar to

that described on page 2 of this thesie. Druge dissolved
in Locke's solution were injected into the rubber tubing
attached to the aortic cunnulas. The heart rate was
counted by direct visuel observetion, and the outflow was
measured by collectinyg the perfusate for a period of one
minute at five minute intervals efter addition of the

druze

Phe preparation wna set up in & mammer sinilar to
that described on »aze 2% of this thesis. Adbout four om.
of the terminal ileun was suspended in a four ml. bath.
céntaining oxyrenated Tyrode's solution at 31°%¢c,

Reproducible /
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Reproducible submaximal contrzotions were obteined by
adding acetylcholine (0.05 to 0,20 png, per ml.) or
hietemine (0,05 to 0.20 pg. per nl,) at three minute
intervals and leeving them in contsct with the tissue for
ninety seconds. Drugs were added either thirty or

sixty seconds before the next addition of acetylecholine
or histemine., The total time of contaet of drug with

tissue was sixty or ninety seconds,

6. Cat Gaastrocnenius jusecle-~Scistic Nerve
£reparation.

The preparation was set up in a manner similsxr to
that described on page 144 of this thesis., Anaesthesia
was induced by ether and mainteined by 1ntra#anoue
chloralose (80 nmge. per kgo)e Stimulation of the seiatic
nerve was by mesns of square pulses at a frequency of

6 per minute at 12 voltsi pulse width 2.5 msecs.

7. Cat Blood Pressure.

In cats weighing 2.0 t0 3.5 kg. ansesthesia was
induced by ether and masintasined by intrasvenous chloralose
(80 mg. per kg.)es The vreparation was set up in a
menner similsr to that described on page 11 of this thesis,
The blood preasure was recorded from the common carotid
artery, and druge were administered via the cennulated

external /
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externsl jugular vein, In some experiments, spinal

cats were used (see page 17 )e

8. MNouse Test.
Drugs were given by intraperitoneal injection inte
groups of mice weighing from 40 to 50 g. (see also
page 164 of this thesis).
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SHARZTER II1

RESULTS
o

l. Frog Rectus Abdominis iuscle,

All the compounds tested in doses of from 12.5 to
250 pge per ml, showed antagonism to acetylcholine=
induced contractions of the rectus..and a graded effect
was seen (see Figs. 85 and 86, pages 318 and 319).
The potenecy of the compounds, as compared with that of

tubocurerine, is shown in Table 11, page 320.

None of the coupounds tested had any direct
gstimulant effects upon the rectus xnuscle, All of them
antagonised contractions induced by decamethonium, dbut
high doses of the order of GO05 to C,1 mge. per ml, were
needed. The effects were additive with those of

tubocurarine.



Figure 85. Isolated frog rectus abdominis muscle.

(@) At A, B and C Compound VIII 100, 50 and 25
pPg* per ml* respectively.

At £ andK tubocurarine 0.6 and 1*0 pg.

per ml. respectively.

(b) At A andB Compound II 100 and 200 pg.
per ml. respectively*

At C endf tubocurarine 0.4 and 0.25 pg.
per ml. respectively*

(c) AtA* B and 0 Compound I 25, 50 end 37.5 pg.

per ml* respectively.

3109.
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e Compound I
o Compound VI
x Tubocurarine

100 1
\ \
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Per cent reduction (mm)
S
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Log dose (ug perml)
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Pigure 86, Isolated frog rectus abdominis muscle.
Relation of log dose of compoundes I, VII and
tubocurarine (abscisse) to the percentage
reduotion (ordinate) of the height of contrastion
produced by the same dose of ssetylcholine.



The Relative Potencies of CompoundsI, IL, ID, 10, II,

IIL, JIQ end VIII and Tubocurarine on the
Prog Rectus ‘bdominis Juscle

320,

Potency in terms of

Compound Tubocurarine = 100

I 2.0
1L 0,25
ID 0.25
1Q B30

II 0,25

IIL 0.25

11Q 2,0

YIII - 1.0
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Yuscle~Ischisd Nerve Preparstion.

Only Compounds I, II 2nd VIII were tested on this
preparation, These three compounds inhibdited the
response of the suscle to indirect stimulatiom. They
were much less potent than iubccurarine, After
washing, there was couplete recovery of the twitch
height (FPig.87, p.322).

3. Eat Phrenic ‘erve-Diaphraza Preparation,

On this preparstion, the compounds tested had only
very wesk curare-like neuromusecular bloeking activity.
Compounds I and II70, the quatermary 3=2li= of Compounds
I and II, were about 5 {inres aore noitent than the tertiary
bases from which they were prejarsd, “orplete
neuronuscular bleoeck could he sroduced, but hizh doses of
ahout D.75 uge per 2le n2zd to be uazsd, After the resmonse
to indirect stimulatiom hzd fziled, the ausele still
responded t¢ direct sztimul-tiems The tertlary beses werse
about 2570 times less potent (Piz. S8, pes23) amd
Compound ¥II had about one-fortieth of the poteney of
tuboeurarine (Plge 89, p.324 )«

4o /
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Figure 87. Isolated frog sartorius muscle-ischiad
nerve preparation. Contractions due to indixeot
stimulation via the isohiad nerve at 12 volts,

pulse width 0.5 msec., 12 impulses per minute.

At A, Compound II, 62.5 Pg» P®r

At W, Wash out.

322 #



ffisure 884 Isolated rat phrenic nerve-diaphragm
preparation# Contractions due to indirect
stimulation via the phrenic nerve at 12 volts,

pulse width 1 msec*, 6 Impulses per minute*

At A, tubocurarine 2*5pg* per ml¥*
At B, tubocurarine 3*0pg* per ml¥*
At Cf Compound I0*60 mg* per ml*

At 1g fash out¥*



irigure 8% Isolated rat phrenic nerve-diaphragm
preparation* Contractions due to indirect
stimulation via the phrenic nerve at 12 volts,

pulse width 1 msec*, 6 impulses per minute¥*

At A, tubocurarine 5 pg* per ml*

At A*# tubocurarine 10 pg* per ml¥*

At B, Compound II 0*30 mg* per ml*
Compound II 0*25 rag* per ml*

At 1* lash out*
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4, Isolated Perfused Kitten Heart.

10 to 20 pg. of Compound IIL increased the rate
and amplitude of the hearty 27 pg, of Compound IL had
a similer effect. These effects were reversibdle,
Coupounds II end VIII had no effects in doses of up to

0.5 mge

5. Guines Pig Ileum,

 All of the compounds tested inhibited contrections
of the ileum induced by ncetylcholine or histamine, but
doses of the order of 0,15 to 0.3 nz. per ml. were
needed =2nd a graded antr-gonism war net seen, No direct
stinulant or depressant effects upon the ileum were seen.

6. Cat Gastrocnemius luscle-~Sciatic Nerve
Trenars t1oN,

The quaternsry beses (I0 and TI0) at doses of 1 to
2 mg. per kg. dié not depress the response of the muscle
t0 indirect stimulation. Similarly, the tertiary bases
(I, II and VIII) at 1 to 4 mg. per kg. had no
neuromuscular blocking activity. In every cese there wss,
however, some spontaneous muscular twitching following

drug administration.

Te /
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7o Cat Blood Pressure,

Compound I in doses of from 1,0 to 2.0 mg. per kz.
alwzys ceused a biphasie depressor-pressor response,
The f=11 in blood pressure wss mariked but the ensuins rise
wag small. (Fiz.90, p.327)., Cospound ID and IL showed
qualitatively sinil r effects, but both depressor =nd
pressor conponents were less, “hen Compound I wes ziven
after bilatersl mid-cervicsl vegotomy, the depressor
component was lost and only a rise in blood pressure ws=s
seen (Fig.90, p.527), 1In a2 few exveriments Compound
IL caused only a rise in the blood pressure., Compound
IQ (0.5 %0 1.0 mz. per kz.) caused a rise in blood
pregsure (Fig.91, p.528), Compounds II and IIL, at do=e
levels of 1.0 to 2.0 mge per k., caused respectively a
slight rise in bloocd pressure, and sz biphasic denreszor-
pressor effeet. Comwpound IIQ (0.5 to i.@ MZ. MEr kg.)
elso cesused a rise in blbﬂd pressure (Fig.9l, p.323).
Compound VIII (1.0 to 2.0 =g, per.kgs) had no effects on
the blood pressure level, The pressor responses were
not blocked by phentolanine (up to 5 mg. per kz.),
dibenamine (up to 25 mg. per kg.) or hydergine (up to D.4
NZe PEYr KZeo)a These compounds did not antsgonise the
charscteristic effects on the blood pressure of acetyl-
choline /



Figure 90» Cat* Cfoloralose anaesthesia$} Blood
pressure recorded from common carotid artery#
Drugs administered intravenously followed by
4 ml* saline in each case#

At A, Compound I 0.80 mg. per kg.

At V, bilateral mideervioal vagotomy.



W *

Figure O91le Oat* Chlorelose anaesthesia¥* Blood
pressure record from common carotid artery* Drugs

administered intrarenously followed by 4 mle saline
in each case®

At A, noradrenaline 0*20 Yg* per kg*

At B# Compound IQ, 0.20 mg. per kqg.

At G, Compound IIQ, 0*50 mg. per kg*
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" acetylcholine (045 t0 1.0 pge por kge), histamine
(0e5 0 140 pge per kga), adrenaline (1,0 t0 2.0 pge per
kze) or Fehydroxytryptamine {1.0 %o 2.0 pge per kgede

Higher doses when given repeatedly to gneesthetised
cets caused respiration to gtop, and artificial

regpiruntion had to bve iven,

Waen doses cif 10 me per kge 0¥ 00re were given
to ansesthetised or spinal cats at iulervals of one
quarter to one hal{ of an hour, convulsions were caused,.
Convulsant activity was nol shown Iollowing the first
dose, but on repeated administration of each drug
convulsent activity becnme gpperent. This appeared to
be a cumulative effects Convulclons were ureceded by
twitching movements which laier ueeame clonic convulesions,

Tohere were periods of quiet teiween the convulsiona,

8, iouse Teat,

In mice Compounds I, II and VIII showed potent
convulaant activity. These compounds were roughly
equipotent with lcptazols  The mice showed toniceclonis

convulsions with =maxinel hindleg extensor gprnsmn.
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CHAPTER EV

DISCUSSION

The compounds investigated in this section show
little or no neuromuscular blocking zctivity in the oat
gastrocnemius nuscle-scintic nerve preparation, but
they block neurcuuscular trensuission in the isolated rat
diaphragm snd frog sartorius preparstions, although the
potency is very low. Yhe lack of neuromusculsr bloecking
activity in the cet may be & menifestation of the species
variation in sensitivity which is so common in the

neuromuscular blocking agentsl'z.

(This is discussed in
Chapter IV,page 294 of this thesise,) The prepsration
of the quaternsry sslts of Compounds I #nd II increased
their potency on the rot diaphresgm snd frog rectus muscle,
and showed that quaternization of the tertiary beees had
increaszed the neuroxusculsr blocking potency. Compound
II is less potent than Coupound I which would indicate
that transpesition cf the ethoxy and methoxy groupe had

altered goetivity.

A1l the tertiasry bases were convulsants and had
convulsant activity in mice,as well as in anaesthetised
and spinal cets. The quaternery derivatives also

showed /
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showed convulsant activity in snaesthetised and spinal
cats (the convulsant activity of the queternary salts
could not be tested in mice due to insufficient supplies
of the compounda), Prom the ohservation that the spinal
cat had convulsionsg followin;: the adnministration of these
druge, the site ol convulsant sction seema likely to be

the spinel cord.

The chemical relationship between these compounds and
tubocurarine and isochondrodendrine mede it worth while
investigating thexn {or neuromuseular blocking activity.
Some of them ean e lcoked upon as being halved molecules
of tubocurarine., In additicn, they are nonotertiary
or monoquaternary bvases, and it was of interest to see 1if
these had any tubocursrine-lilke activity. On
investigation no neurcwusculsr blocking asctivity was found
in the oat nerveenuscle preparaiion. It seems that inm
these compounds one tertiary nitrogen or cne quaternary
nitrogen is not sufficient to confer neurcmuscular
blocking activity, but these compounds are convulsants

and show some nicotine-like activity.
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CHADPTER ¥

S U IMARY
e

(i)*&~(41«Hydrexybenzyl(aa-methyl-6~methoxywﬂuethn:ydli
21 31 4-tetrahydro-isoquinoline and its dextrorotatory and
laevorotatory isouers and -ethochloride, (;".)a»l~(41-
hydroxybensyl )=2=nethyl=Tenethoxy=becthoxy=1: 21 3t 4=
tetrahydiro~igoquinoline, its laevorotatory isomer and
me thochloride snd a berberine-like compound relsted to
tetrahydroworenine have been tested for curare-like
activitye Litile activity was noted, but on the rat
diaphragm and frog rectus muscle quaternisation of the
racemic compounds increased this. The tertiary bases

poasessed potent convulsent properties,
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APPERDIZ 1

In 2able 12 (p.%36) are siven the formulae of the
physiolosical saline molutions used in the experimental
work describved in this thesis, All the chenmicals used
were of "Analar® quality and only slnes distilled water
wag used, In sone cases agueous stock solutions of
certain salts were prenared to facilitate the rapid
preparation of a galine molution, Tith the exception
of spodium bicarbonate solutlon, these stock solutions could
be used for at leagt two weeks after their preparation,
Sodium bicarbonate stock solution was freshly prepared
every three or four days. (lucose was sdded in the

solid form to esch batch of saline,

Preparation of Soluticns of kescinnamine from the Solid,

The rescinnemine was dissolved in & few drops of
glacial acetic acld anc suiilcient distilled water added
to ;ive a Tinal concentrotion of 2 =mg. per mle The pH
of a sclution of rescinnamine prepared in this vay was
ebout 34,04 Further cilution was nsde by the additien
of the appropriate volume of physiologicel saline

imeddiately belcie use.

The gontrol solubivn was prepared by adding the sanme

relune /
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volume of saline to the same volume of glacial acetic
acide The pH of the control solution was always checked

and if necessary adjusted so as to correepcond to that of

the rescinmemine golution,

All other druge end fine chemicsls used were of the

pureat standard sveilable from commercial sources,



TABLE

12s

Fornulae of Physiolo:icel

Saline Solutions

Locke's

Salts (gs for Frog Tyrode ‘s
1 litre) hinger's | Solution Solution
Solution

SOdiam:thoride 6450 8.00 9.00
Potassium chloride 0.14 0.20 0.42
Calcium chleoride

(Anhydrous ) 0,12 0.20 0.24
Sodium dihydrogen
Phosphate (dihyd-

rate) - 0,05 -

Sodium bicarbonate 0.20 1.00 - 0.50
dagnesium chloride - 0.10 -
Glucose 1,00 1.00 1.00 -
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APPENDIX II

The Electrical Controlling

Mechaniem of the Se £ t
Isclated Organ Bath, |

The spparstus used wes a modificstion of that

suggented by Usddum and Lembec;l.

The flow of golutioms into the igolated orgen bath
was regulated by two modified electro~uasgnetic relay
switches (Fig.92, p«338)., Solutions flowed only when
these were activasted, The remainder of the equipment
which ie illustroted diagrammaticelly in Figure 92
sexved to control the activetion of the relay switches in

a predetermined time cycle,.

The time cycle wne controlled by a Palmer time clock,
supplied with & 60 volt ©,C. input. The clock activated
g switch relay, aand tuus the driving megnets of a
uniselector, at 5 seconds intervals. The sweeper arms
of the uniselecior which were in two halves, thus giving
a continuous activation over the seuicirculer bank of
contacts, advanced one contact every 5 seconds. Two
benks of contacts with 25 terminsls in exch, were
connected and the onpogite hzlves of the unver and lower

sweeper arme were removed, so that the upper bank was

activoted /
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wander Plugs

A B

lil![

1st BANK C

D.l 2nd BANK
Unisclector Switch
= : Drivinq

¥ Magnets

—{
2.

l | Switch
Palmer Time Clock Relay

igure 92. Cirouit dilagram of the electirieal
equipment used to control the sumi-auiomatio
jgolated organ bath (see Fig. 5, pege 30),
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activated for half a revolution of the sweeper arm, while
the second bank wsg sctivated for the next helf of a
revolution. The two benks thue served effectively as one
complete circle of 5C contscts. To ohtrin a complete
revolution ¢f the sweeper orms in 3 uinutes, 14 contacts
in one btank were ghort circauited =2z illostr-ied in

Yizure 92, «hen the 7iret hank sweeper arm rerched
contsct A, positive current was fed throurh the uniselector
switch (which was closed) to the driving mmgnets of the
uniselector and mdved the wiper arm, at the sane time
openin;; the uniselector switche The first bank asweeper
arm was moved to contact © snd the orocess was repented,
This esequence of events was repeated very rapidly until
the sweeper arm reached contact C (covering 14 terminsls).
At this stage, vie sweeper srm oY the sccond brnk had
renched point Ve  Fhus 14 contacts were effectively
removed from the circuit since, in praciice, the tine
taken for the sweeper =rm to pass L{rom point A to C on the

firat bank was oniy s Traction of a second.

Certain contacts on bhoth banks were connected to
wonder pluss, fiegnitive current wss led to the two
modified relay switches »nd two indicmstor lishte, Tach

wag fitted with » conirection to the wander nlug board., By

placing /
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Placing these plugs into the appropriate sockets (which
were fod with negative current Yia the contacts of the
uniselector), the events in the three -inute cycle could

be pree-sets The pluys were connected am followse

¥ander plug nunber 1 was connected to an indicator
light which 1it 5 seconds before the inflow of a
stimulant drug solution,.

¥ander pluy nunber 2 wag comnnected to a light
indicating the tize for addition of an antagonist,.

Vander plug nu-ber 3 was concected {0 the relay
switch controlling the inflow of fresh physinlag:umaa.'
saline., This could be pre~set to take place 15, 20,
30, 45, 60 or 90 seconds after the inflow of a

- atimlant drug.

¥ander plug number 4 was oconnected to the relay
switeh eontrolling the inflow of a stimulant drug.
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ADDITIONAL STUDIES

These m ahaﬂri?sad m &ypmﬁix IIT
and Appendix IV,






APPERDIX IIX

IBNTRODUCYIOHN

The 1nf1n§nce of changea in the hyﬂr@gﬁn 1an»i
concentration of the baith Ifluid upon the reactions to
drugs of preparations of smwwoilh uscle is of much
interest and has been studied in sowe detail, In 1923
Evans and Gnﬁerhilll, ugins, preparations taken from the
intestine and uterus of the guines piz, rabbit and cat,
showed thnt the addition of dilute mcid to the bath
fluid slways caused relsxstion and the addition of
'alkali contraction, They also showed that the response
of intestinal and uterine smooth uuscle to stimulant
druge was reduced in a bath fluid of acid reaction and
was abolished =% pli 6. Gaskell? and ﬁaylias3
investigated the raaction ¢oif vascular smocth muscle $o
small changes of pll and observed vesodilatation in the
frog folluwing the use of a dilute solution of lactie
acid, and constriction with alknlia-. Dixan4 |
investigated the roesction of intestinal smooth muscle over
& greater range of pH volues and sinted thet dilute lmetie
aclid solutions ;roduéed relaxation of frog stomach,
#rrdon? ohacrved thet in preparations of the wammelien

uterus the pregence of alksali auwsmented tonus eand caused
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& diminution of the magnitude and frequency of the
spontaneous obntraciienu.' wild and'?lattﬁ found that
acldity omused vasoconstiriction in the frog but that
very dilute acid sometimes c:iused a preliminary
dilatation. Fleisch' perfuzing the hind limb of the
frog confirmed that trestment with very dilute acids
caused the arterial smooth muccle to relax snd that the
uge of a stronger sclution caused it {to contract,
Hooker® observed 'rhythmic' intestinal muscle and 'none
rhythmic' vascular muscle to rslax when treated with sedd,
while 'none-rhythnic' intestinal muscle wza,s'féund to
contract when trested with allali. Jiat acids asx!all
a8 alkalis can cruse vesoconsiriction was shown by
Ishikawa? who used the perfumed hindquarters of the frog,
and Irenkel and ‘orital” showed that sacoth musecle always
contracte vhen trested with 2liali, while there was
usually a relaxstion when scid was used., “¢ciwiney and
Newtonll using preparetions of the stomache of rate,
reboite and cats showed that (a) nmoderate chanses of the
pil of the physiolo icel snline solution towards the scid
side (Lron pll Te5 to pH 5.9) cousged relsxation, and that
with a Turther decrease in the pl to 2.4 there was
contraction snd finally relaxation, (b) moderate and

“lareer /
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larger changes towerds the alkaline side from pH 7.5 te
PH 11.5 caused contraction end a further increase in pH
was followed by relaxation.

| Thege studles clerrly indicate that the reaetion

of intestinal and vascular suooth wuscle is very much
influenced by chen:ea in the hydrogen ion concentration

of the bath fluld or perfusion fluld. ¥hile it ie

clear thet the response of preparations of snooth muscle
varies with the p!l of the physiological saline solutions
used, it is also to be expected that the response of

these preparatiouns to different dru:zs will be modified

by ¢hanges in the alkalinity or the acidity of the perfuse
ion fluid, Althouh 1t has been shown that the response
of intestinal uterine and smooih muscle to pilocarpine

and to histamine wss reduced ¢r abolishe@l scecordiing to
the degree of acidity of the bath Lluid yet there appears
to be little or no published work upon this particular

12

agpect of the wode of action of drugse Recently Gillie™,
during studies on the wsode of action of reserpine on the
guinea pig ileum, noticed that the response of the tinaue

to varioug stizulant drugs was modiried Ly the addiiion |

of the drug in on acid solution (pil 4)e  The rTeaction of
the solution of reserpine which he used was also on the

sl )
A
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acid side of neutrality. It aeémed necessary, there«
fore,to investigate the response of smooth nuascle
preparations, especially those of the guinen pig ileuh&,
to stimulant drugs such as acetylcholine, histamine ete,
at difrerent pH voluess As o preliuinary siudy it wes
deoided to investigunte the e¢ffect of acetylcholine and
histanine on the guinea pip ileum in bath fluids having

both acid aond allialine resctions,.

This investiyntion wes carried out as a preliminary
to studies on the properties of rescimnamine and to aid
in the interpretation of the results obteined by ¢illie
and Lewis’) uging reserpines It seened necessary to
carry out this work since there was an obvious and
gignificant variation in the response of the guinea pig
ileun geen when regerpine and reserpine antagonists were
used in more acid sclutlion. I was noted for ovasmple
that certain rescrpine antagoniste were rendered more
potent when applied in a nore acid solution. Thie
effect might be due to potentiation of the response of
the preperation to the gitimulant drug or it mirht be
cue to an efliect upon ionization, since it is well known
that the non-ionized form of druge are able to penetrate
~ tissue better than the lonized ones, If incrensed
aciality /



acldity suppressed ionigation, then the effect of the
antagoniast mizht be explained in thie way.

Hethods and Materials,

A plece of termlnal puinea »nig ileun was set up in
& 2 or 5 ml, bath in a mancer sisilar to that described
on pae 29 of this thesis, e perfusion fluid used
was Tyrode's solution (seé Appendix I, page 336), the pH
of which was from 7.7 to 8.0, and this solution is
referred to,for convenience, as "normal® Tyrode's solution,
In order to alter the pi of the "norwal" Tyrode's solution,
hydrochloric ascid (1/10, ¥ or 5l solution) or sodium
hydroxide (N solution or fused pellets; were used. The
pH of the solution was adjusted to the required valus by
adding the :vinimum anouut of acid or alkali and checked

against a glass elecirode uging a uirhead pH meter.

The stimulant druzs used in these experinmenta were
acetylcholine chloride (acetylcholine) and histemine
acid phosphete (histacine) and were enployed in the dose
range of from 0,01 to 0.20 pge per ml, and the antagonists
were atropine sulphate (atropine) and mepyrsmine maleate
(mepyraazine), used in the dose range of froa 0.,0001 to
0,005 pge per ml, feetyleholine snd histanine were
‘ndded /
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sdded to the bath at three minute intervals from a semia
automatic apparatus (see Appendix II, page 337 ) and the
bath fluid containing the drug was replaced =nd the %iﬁxﬁt
washed by means of "norual®™ Tyrode's solutien thirty
geconds after the drug solution was added to the bath,
Solutions of atropine and mepyramine were added one ninute
before the inflow of the solutions of acetylcholine or
histawmine,

Standard reproducible contractions of the ileun
were obtained to acetylcholine or histamine in “"normal®
Tyrode's solution., Tyrode's solution containing the same
eoncentration of the drug but sdjusted to different pH
levels was then sllowed to run into the bath and the
experiuent reperted at the new pH,. The pH of the Tyrode's
solution used to wasgh out the bath was within the "normal®
range (7.7 to 8.0), but in some cases the pH was adjusted
to that of the acid or alkaline Tyrode's golution

containing the drug.

Demonstration of Drug Antagonigms snd the Influence

of pH Changes upon These.

Stendard reproducible submeximal contractions of the
ileum were obteined to acetylcholine or histamine (0,01 te

0,10 pg. per ml,) using "normal" Tyrode's solution and

atrepine /



atropine antsgonism or mepyremine antagonism was demonstyate
ed in the conventionel way. Antegoniste were added te

the bath one minute before the inflow of Tyrode's solution
containing acetylcholine or histamine. The experiments
were then repeated in sn exnaetly similor menner, but using

Tyrode's solution at different pH values.

In some experiments doge-response curves were
obtained., Drugs at diffevent dose levels (acatylcholine
or histanine) were added at three xinute intervals to the
bath containing the nmodified Tyrodes solution by mesns of
& tuberculin syring;e. Rosponees were observed for thirty
seconds after which the tissue was washed with Tyrode's
solution having the same pll as thet uzed to dissolve the

druge

The effect of alterations of bath fluid pH without
addition of drug wes also studied. The tissue was allowed
to remain in contect with the Tyrode's solution at B
different pH values for varying veriods of time (tﬂ§ te

ten ninutes) and the response wss observed,

RESULTS, /
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A+ _Agetylcholine,
(1) iffects of Altering the plI from Normel

(7.7 t0 3.0) to a Banse of Values
Between pil 2,1 snd pi 7.5 or From pH
8,2 to pﬁ Q.E}.

(a) Raisin: the pif (Incressed Alkalinity), Ae e

rule the height of the contrsctions was increesed (Pig. 93,
P+350) but once or tvwice wno zodific tion from the normal
was obgerved, Phig dnererge in osconitude was seen at all

levels of pii from 7.3 t0 9.6, 7The effects were reversible.

(b) |[Lowering the pH (Iucresged fcidity)e Vhen the

pH was lowered gradunily from norial (pM 7.7 %o 8.0) to

PH 5.8, the height of the contr-ction wes usually incressed
and it wes observed to renain steady at the new level
(Pigse 94 =nd 95, psges 351 end 352 ), - hen the pH was
further reduced to values of from pi 5.8 to pi 5.1, the
first few contrnctions were greater than the control
contreetiong but greodually the height was decreased and
ultimetely fell below the control level (Fige. 95). The
efiect was reversible on changing the bath fluid pH to
nor.al (L.ees washing and replacement with "normal® Tyrode's
golution. / A



ffi,;ure 95 ¢ Isolated guinea pig ileum*
All contractions produced by acetylcholine,
0*20 jxy* per ml*
At A, the pH of the bath fluid was 8%*0
At B, < » »  0» T u *

At C, oy oe» e » » » 9#0



Figure 94%* Isolated guinea pig ileum*

All contractions produced by acetylcholine,
0.15 Pf# | W «&i "h© figures at the bottom

of the recording indicate the pH of the

bath fluid*
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solution). ¥o sponteneous activity or reduction of tone
was noticed at any pH level between pH 7.7 and pH S.l.
dearing the pH from pH 5.1 to pH 3,0 coused a gradual
reduction in the height of the contraction and there was
little or no spoutaneocus amctivity. [he effect was still
reversible on waghing with "nor:al® Tyrode's solution. £
reduction of pE to a2 level beiow pH 3.0 srpesred to cause
goune irreversible chanse in the tissue and spontsneous
activity became wellunrrked, Ultimately mpnontancous
activity censed and the tissue remeined in » state of

increased tone.

The regponse of the tissue to different doses of
acetylcholine was studied at different pH levels between
pH 9.2 and pH 6,1, At any psrticular pid level within thise
range tlie response t0 acetylcholine anpesred to be related

to the dose used (see Fig. 96, Pe354).

(11) Atrﬁpinenﬁcetylcholine Antongonisu,.

Atropine~scetylcholine ants onism was studied using

" vath fluide with reactions between p!l 6.2 snd nH 9.2.
Atropine antagonis: to neetylceholine wra shown at all pH
levels . At both the reld ond +lkeline sides of neutrality,
the sntagoniss woes geon o be proporticnal Yo the dose of

atropine used (ri;e 97, pe355 ) despite the fact thet both

wie /
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Log dose («g per ml)
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Pigure 96,  Isolated guinea pig ileum.
Reletion of log dose of acetylcholine (absoises)
10 the height of contraction (ordinate) at pH
8.8, 8.0 and 6.9,



355.

100

60

20 r

Per cent reduction (mm)

°F 3 3 2 5

Log dose (uq per ml)

-

Zigure 97, Iscolated guinea pig ileum.
Log dose of atropine (abscissa) at pH 9.2, 8.0
and 6.7 plotted against percentage reduction
(ordinate) of the height of contrsotion produced
by the same dose of acetylcholine,
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the lower snd higher levels of pH increased the height

of the contractiouns,

B. Histemine,
(1) Effecta of *lterin~ the »H Prom the Rormel
(7.7 to 3.0) to pH 5.3 on the ‘cid Side

and to pH 9.2 on the Alkaline side of
Neutrrlitye

(a) ERoising the pii, “his slwsys incressed the

height of the contrnctions (Fige 98, pPe 357 )e HoO
srontaneous activity was seen. Increase in the height of
the contractions occurred at 211 pH levelas on the eclkaline
side of neutrzlity ﬁithin the range of pH 8.0 to pH 9.6,
The effect was reversible ofter wnshing with “normal®

Tyrode's solution,

(b) Lowering the pH,. This slways reduced the

height of contrsetions, zn effect seen ot 2ll pH levels
from pH T.4 to pH 5.3 (Fig. 99, p.358 ). No sponteneous
activity was seen but at pH 6.8 or lower the tonua of the
muscle eppesnred to be reduced and histsmine-induced
contractions could not be maintained (Fig, 99)s “hen the
pll of the bath fluid wrs lowered froa norm~l p¥ to the acid
side, the reduction in the height of contrzction produced

by /
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ffirure 38. Isolated guinea pig ileum*
*II contraction® produced by histamine 0.10 pg.
per ml¥ Figure® at the bottom of the record-

ing indicate the pH of the bath fluid¥*
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g.lgare 99« Isolated guinea pig ileum.

All contractions produced by histamine 0.50 pg.
4 3
per ml. Figures at the bottom of the record-

ing indicate the pH of the bath fluid.
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by the same dose oi ulstemine appeared to be related to

the pH levels and this relationship was linear up to pH
6.0 (Fige 100, pa360), o guch linenrity wns obmerved to
the increase in the height of contraction vhen the pH was

raised.

A graded dose~rezponee effect wag ohserved at
different pH levels rancing from piH 6,5 on the ceid side
snd to pH 9.0 on the alksline side of neutrality (Fig. 101,
Pe 361).

(ii) Histamine~‘epyranine Antazonisn,

Antagonism Ly mepyromine to the response to histanmine
wag obtained at p! levels from »H G.5 to pH 9.0, At
higher »H levels the coutrmcetions werc incrzased in
magnitude, and st lower pii levels there was a decreased
response. In all cases there was inhibition of histenine
induced contractions by mepyramine, although the inhibition

agpeared net to be proportional {o the dose used,

.Ce The Effact of Altering Trth Pluld p¥ without fddition

Of bmt ‘g &

Ho dircot erfeet wrne ohserved vhen the tisesue wen
sugnended In ¥Yyroue's soluticne with yerctiona of from pH §,.6

1o pil Halie Lo chenie in the activity was coused by

sudden /
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100 t

60 1

40 t

20 ¢

Height of Contraction (mm)

Figure 100,  Isolated guinea plg ileum,
Relation of pH of the bath fluid (abscissa) to
the height of contraction (ordinete) prodused
¥y & given dose of histmim.
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_____ o pH-85
—.—x pH 8.0
—e pH 67
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Figure 101, Isclated guinea pig ileum,

Relation of log dose of histemine (ebsoissa) to

the height of contraction (ordinate) at pH
8.5’ 8.0 and 6070
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sudden changes of bath fluid pH from pH 9.6 or pH 5.0

back to a normsl value (pH 7.7 to 8.0) or from normal to

PH 9.6 or pH 5.0. When the tissue was kept in contact
with Tyrode's solution with = reaction of less than pH

5.0 for one or two minutes snd then the pH suddenly

changed to normsl »H (7.7 to 8.0), there wee a snontaneous
contraction which diszuppenred on wasshing with "normsl®
Tyrode's solution. If the tissue wra treated with
Tyrode's golution with 2 pH between 9.8 and 11l.0 there weg
a large gpontaneocus contraction which wes slways reversible
on waghing with "norusl®™ Iyrode's solution (Fiz.102,p.363).
These contractions due %o a higsh pH of the bsath fluid were
reproducible =nd were 50t antagonised oy atronine, nevyrame—
ine, lysergic acid diethylanide, papaverine hydrochloride,
hexamethonium brouwide or cinchocaine hydréchloride (Figl103,
Pe364 )o At pH 12.2, a spontaneous contraction was

obtained but this was reduced in wurgnitude.
DISCUSSION

The effects of changes in the reaction of the bath
fluid upon the activity of w»nrenarations of amooth muscle
has been investigated by many workers, Jt la known thot
moderate changes of pH towsrde the scid snd slkeline sides

cause /



Fi ore 102. Isolated guinea pig ileum.
At A, contractions produced by acetylcholine
0.20 |ig. per ml. at pH 8.0.

At B, spontaneous contraction of the Ileum
at pH 9*9%
At \# wash out with normal Tyrodefa solution
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?1. ;s 2 103. Isolated guinea pig ileum.

At A* acetylcholine 0.01 jig. per ml. at ph B.O

At B# spontaneous contractions at pH 10.5

At C, histamine 0.05 pg. perml. at pH 8.0

At , mepyra, lire 0.10 pg. per ml. at pH 8.0

At Dif atropine 0*10 |ig. per ml. at pi 8.0

At no lysergic ©cid diethylamide 0.10 ::y. per
ml# at pH 8.0

At vs papaverine 2.0 fig. per ml. at p»»# 8.0

At and

A acetylcholine 0*10 and 0*50 |ig. per ml.

i*espeetively at pH 8.0.



cause relexation and contr&ctionl'll’;4 of the smocth muscle
regpectively, whereas large ehahgee of pH towards the =cid
and slkaline sides alwaye cause contractionll. Evans and
Underhilll and #cSwiney ond NewtonlJ have shown thet
rhythmic contraction of the smooth muscles of the intestine
are slowed and depressed by acid and are quickened in rate
and depressed in smplitude when the reaction becomes

alkaline,

In sn atfempt to investizate the response of
intestinsl smooth muscle to drugs at different o levels,
moderste and lsrge nliterstions have been mnde towards both
the acid and alkaline sides of the normal pH of the
physiological esline solution. At higher pH levels the
responses 0f the uinea pig ileum to both acetylcholine r~nd
histamine are incrcased, i.e. they are greater than those
produced with the szme dose of rcetylcholine or histauine
at the "normal® pH value, At lower nH levels the
magnitude of the ace%ylcholine contranetion is incressed,
while thot induced by histsuine is decressed., Change in the
pH of the bsth fluid to a level as high as »H 9.6 or as low
muscle of the guines pig ileum, but the chesnge in pH
definitely aliers the seusitivity to =scetylcholine and

histamine /
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histanine and periaps also {0 oiher drugpse  Iucruaused
seneitivity of the timsue to acetylcholine and decrenzed
aﬁﬁsiﬁivity $0 histauine at lower pY levels mey boe due
%0 the different mode of action of these two druge upon
the muscle cellss 1T has been pointed out by elwluay
and dewtonll, and rvuas aud snderhilll thet alterstions

-

of pH have no effect on the local nervous mechanizr bul
it is difficult Yo establish the 7alidity of such a
conclusione Atzler ond Lehaanlﬁ g gested thot hordrogen
ions zcted directly on the .uscle protein and Yelwiney

and kewtontt

w cested that the reaction of the saooth
muscle to changes of pli was of a physico-chemical nabure.
None of these assumpbtivans appears o explain the difference
in response to the ileunm - guspended in bath fluids of
lower pi to histosine and acestylcholine, Whatevor aay
be the cause of this diflerence in response of the Tlaoue
to histaaine and acetylcholine, a chenge in pil of the

fluid bathing the tissue is undoubtedly an important
factor in deternining the response of the tissue to these
drugs end should bhe taken into congiderstion in etudying

the action of druge upon imolated tissues,

rlthoush the seneitivity of ithe *“isgue teo druss is
changed when p& is riiered, the physiclogical funciions
of /
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of the tissue do not appesnr to be irreversibly changed
within the limit of the pH levels used. Thias is shown
by the fact thzt in beth fluids of higher and lower p!!
the responne of the tissue remaing nronoertional to ‘he
dose of the drug used, and atvcpine ond wmepyramine show
a graded antagonism to the responses to acetylcholine

and histamine.

The spontaneous contraction of the ileum when
suppended in bath fiuids o¥f uisher pH levels is an
interesting phenomenon beceouse it is not ivhibited by the
uguel antegonists which susgests that the mechanism of
action nmay be of physico-chemical in nature invelving a
g@irect action on the muscle protein se suggested by
Atzler snd Lehmanl6,

S U E A RTY

Alteration of the reaction of the bath fluid from
normal (pH T«7 b0 8,0) to pH 4.0 on the acid side or to
" pH 9.6 on the alkaline side has little or no direct effect
upon the smooth muscle of the isolated guinea pig ileum.

No direct effect is observed when the pi of the
bath fluid is lowered to pll 3.0, although there is a

spontaneous /
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apontaneous contraction on washing with "normal® Tyrods's
solution, A Further increase in slkslinity to pH 11.0
induces & large contraction, the magnitude of which
becomes less if the pH iz subamequently incressed to 12,2,
These changes in the activity of the tissue are reversible

on waghing with "normal® Tyrode's solution.

At higher levels of pH (increased alkalinity) the
sengitivity of the ileum to scetylcholine and histanine

is increased,

At lowex levels of pH (increased acidity) the
sensltivity of the tissue to scetylcholine jie increased

but the sensitivity to higtamine im reduced,

Within the 1linit of a change from pH 9.6 to pll 6.1

there appears t0o be no irreversible change in the tissue,

Changes in pH of the fluid bathing the tissue is an
important factor in the response of the tiseue to drugs
and should always be teken into account.
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APPE'imXX XV

In 1843, aolaganl investigated the constituents of
greenheart bark (lectandra rodioei). and isolated from it
two amorphous alkaloid fractions which he named sepeerine
and bebeerine. From the total alkaloids of greenheart
Grundon2 obtained two crystalline alkaloids for which the

names sepeerine and ocotine were given,

The pharmacological properties of the alkaloids of
greenheart have been reported by Pindel et alia—*» who have
shown that althou#. the crystalline dimethiodide obtained
from the mixed amorphous alkaloids of greenheart bark
possessed curare-like activity as measured by the rabbit
head drop test, the mixed unquatemized alkaloids showed no
such properties in the rabbit. Somewhat similar results
were also reported by McKennie et alia” who showed that
the crystalline methiodide of greenheart alkaloids had
little or no effect upon the blood pressure of pentobarbit-
one-anaesthetised dogs. On the other hand the mixed

amorphous alkaloids caused a marked hypotension.

The mixed amorphous alkaloids of greenheart were made
available to the author for further pharm, c©logical
studies. lthough the mixed unqué&ternized greenheart

alkaloid /



alkaloid showed no neuromuscular blocking activity in the
rabbit, it was felt that they might have some curare-like
activity in preparation®© from other species* It was,
therefore, decided to carry out a more extensive
pharmacological investigation with the total alkaloids

of greenheart on different isolated tissues and on the

intact cat*-

The main objective was to determine whether the
greenheart alkaloids, which have been reported to have
structure related to tubocurarin®, were potent neuromuscular
blocking agents and, if this was the case, to study their

properties very fully*

y/Iaterirls and lethods *
The composition of the perfusion fluid® used in this

investigation is given in Appendix I (Table 1?2, p*336).

Drug® used were as follows: acetylcholine chloride
(acetylcholine), adrenaline hydrochloride (adrenaline),
noradrenaline bitartrate (noradrenaline), histamine acid
phosphate (histamine), atropine sulphate (atropine),
mepyrsmine maleate (mepyramine), hexamethonium bromide

(hexaraethonium), and tubocurarine chloride (tubocurarin®©).

The substance investigated was the total alkaloid

fraction /



fraction isolated from greenheart bark* The alkaloids
were Insoluble in water but soluble in dilute hydrochloric
acid to give a dark brown solution with a pH of about

3*5.

The experimental methods used in this investigation
were similar to those described in chapter II of part I
(page 11) and chapter II of part IXf (page 144) of this

thesis.

Hesuita,

(1) Frog kectus Abao-miais ;usele.

The greenheart total alkaloids within the dose range
of from 5 to 50 pg. per ilL. had no direct stimulant effect
upon the rectus, but antagonised contractions induced by
0.1) to 0.20 j#g* per ml* of acetylcholine (Fig. 104, p.374)
or 2 pg. per ml. of decamethonium* Tubocurarin®
was about 30 times more potent than the greenheart

alkaloids on this preparation.

(2) Rat Phrenic Kerve-diaphragm -Preparation.
There was no depression of the twitch amplitude of
the diaphragm when greenheart total alkaloids in the dose

range of 5 to 10 ug* per ml* were added to the bath.

(3) Cat Gastrocnemius -luscle”clatio Kerve
'Preparation. ' n wnT'u

There /
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A B C D E F
Fi, ure 104* Frog rectus abdominis mods™*

All contractions produced by 0#20 per ml*

acetylcholine acting for ninety seconds.
Labelled contractions were preceded one minute

earlier by

/t 9 greenbeert rIke loids 10 p * per ml*

/t I, » K 20 i * per nl*
At C, n " 40 pg. per ml*
At D# tubocurarine 0.50 |ig* ml«
At I, t 1.5 Mg* per ml*

At F, % 1.0 p.g. per ml¥

Q et



There was no reduction in the twitch height following
intravenous infection of 1 to 2 mg* per kg# of greenheart
total alkaloids, but very large doses of 4 to 8 mg. per
kg# of the alkaloids however caused about a 20 per cent
reduction of the twitch height# The maximal depression
was reached after about half an hour and recovery was

not complete even after 2 hours elapsed#

(4) Babbit Head Drop Teat*
The intravenous injection of 4 to 10 mg# per kg# of
the greenheart total alkaloids did not produce head
drop, but a dose of 10 mg# per kg* caused death within 15
to 20 minutes# Death v/as associated with the sudden
onset of convulsions# When a dose of 14 to IB mg* per
kg# was injected intravenously head drop was seen, but

the animal convulsed and died after about 15 minutes#

(5) Guinea Pig Ileua*

The total alkaloids of greenheart in the dose range
of from 50 to 100 p,gh per ml* caused a direct contraction
of the ileum* The stimulant action was blocked by
atropine (0*50 pg* per ml#), mepyramine (0*50 jig# per ml#),
and hexamethonium (20 to 50 fj,g per ml¥*)* Contractions
of the ileum induced by 0,50 to 1*0 pg# per il* of

acetylcholine /
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acetylcholine o 0.11 to 0.50 jig, per ;tl. of histamine
were inhibited by 10 to 30 7j,9. per ral. of the total

alkaloid (iig. 105,p. 377).

(6) Kabbit Duodenum,
The total alkaloid* of greenheart in doses of from
10 to 5 pg* )er ml. reduced the tone and inhibited
apont neous activity of the duodenum (Fig.106a, p#378)#
This effect was preceded by a short period of stimulation#
They also antagonised the stimulant effects of
acetylcholine (0*01 to 0.05 HS* per ml.) vdsen a dose of
20 up# per ml# was used (1ig.106,b)# The relaxant
effect of adrenaline (O# 4 HE# P«r ml#) remained unaffected

when the greenheart alkaloids were added at the same dose

levels (Fig# 106,c)#

(7) Isolated Rat Hindquarters.
The total alkaloids of greenheart in the dose range
of 20 to 200 Hg* caused vasoconstriction in the isolated

perfused rot hindgquarters (Fig*107, p# 370)#

(a) Isolated Rabbit Heart#
20 to 1)0 Hg# of the greenheart total alkaloids
reduced both the rate and amplitude of the heart (Fig#108,
p.330)# Atropine 1)0 pg# did not modify this effect

and /



:;0la ed guir ¥ oiw» ileiri.
(a) All contractions produced by 0*50 * per ral.
nc ?tylcholine acting for 5 seconds* Addition
of acetylcholine was preceded one minute earlier
by
At A# greenheart alkaloids 50 *tg* per ral.
/1 25 ug* per ml.

A n u 12.5 t*g. per ml.
(o) A1l contractions produced by A) 4 ., r 3 #
hlatamine acting for 30 seconds. Addition of

histamine was preceded one minute earlier by

At A0 greenheart alkaloids 50 gig* per ml*
A"B# n J 25 p.gft per ral*



4 4 £ I 4 4 4 4 4 4
G W A A G A A ad ad G
jA .ire 106 . Isolated rabbit duodenume

(a) At G&G# greenheart alkaloids 50 p.g* per ml*
At W9 wash out*

(h) At A, acetylcholine 0*02 pg* per ral*
At U, greenheart alkaloids 20 ug* per ml.

(c) At ad, adrenaline 0*04 dg* per ml«
Bt G# greenheart alkaloids 20 pg. per ;il.

At wash out.
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iz'v 107e Isolated rabbit hindquarters*
upstroke indicates constriction of the blood
vesselse
At v, greenheart alkaloids 20 p,g#

At mi, adrenaline 0.05
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10 8 0O 8 8
124 130 120 126 120 120 14

jigure 108# Isolated rabbit heart «
Figures above the recording refer tos
(@) Jpper row, outflow in mle per minute

(b) Lower row, number of beets per Ilinute

At greenheart alkaloids 50
At g2> greenheart alkaloids Ho
* % A1# atropine 10 dEg,

At atropine 100 p,g

118



and the amplitude did not recover to its original level*

There was no appreciable change in the output of the

heart following administration of the alkaloids*

(9) Blood Pressure of the Anaesthetised Cat*

Vdien given in the dose range of 0*20 to 1*0 mg# per
kg* greehheart total alkaloids usually caused a marked fall
in the blood pressure level of the anaesthetised cat
(Fig* 109*a, p*332)* In a few cats a rise in the blood
pressure was seen Uig.109,Db)e There was neither
antagonism nor potentiation of the characteristic effects
on the cat’s blood pressure of acetylcholine (0*50 to
1*0 p,g* per kg*), histamine (0*50 to 1*0 |ig*¥ per kg.),
adren line (0*50 to 2*0 *ig. er kg*), or nor-adrenaline

(0*50 to 2*0 jig* per kg*).

The effect on the blood pressure of the anaesthetised
cat was not blocked by atropine (1*0 to 5*0 mg* per kg*)

or aepyramine (1*0 to 5*0 mg* per kg*)*

In the spinal ©ate greehheart total alkaloids

(0*50 to 2*0 mg* per kg*) had little or no effect upon the

blood pressure level*

(10) Toxicity (in mice)*

Very little effect was observed when mice were

injected /



ad

fi jure 100%* Cat. Chior lo e anaesthesia* Blood

pressure record fro i the co non carotid arterye

Brays administered intravenouslye

(a) At
At
At
(b) At
At

A, acetylcholine

Gt greenheart alkaloids
Bt histamine

G-, greenheart alkaloids

ad, adrenaline

0*50 tig* ier kg.
0*40 mg* per kg#
0*50 jig* pexk *
0*80 mg# per kg*
0*80 $ts* per kg*
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injected intraperitoneally with 1*Og* per kg* of greenheart
total alkaloids* 2*0g*per kg*, however, killed the
mice within 15 minutes* Before death there was excitement
and convulsions which were perhaps due to respiratory

failure *

Summary and Conclusions¥*

The pharmacological properties of the total alkaloid
fraction of greenheart bark have been Investigated on
isolated tissues nd in intact animalse Although they
inhibit acetylcholine-induced contractions of the frog
rectus, they otherwise show very little evidence of
neuromuscular blocking activity on other isolated tissue
preparations* In bigger doses (4 to 8 mg* per kg¥*)
the greenheart alkaloids appear to have some depressant
effects on the neuromuscular transmission in the cat
gastrocnemius sciatic preparation* The alkaloids
caused head drop in the rabbit only when given in lethal

doses*

The total alkaloids of greenheart have some
depressant activity on isolated cardiac smooth muscle and
antagonise drug induced stimulation of intestinal smooth

muscle* On the other hand the alkaloids themselves have

some /



334+

some stimulant activity when tested on an isolated wvascular

bed or on the isolated intestine*

Following the intravenous administration of the
greenheart total alkaloids there was usually a fall in the

blood pressure level of the anaesthetised cat*

Unfortunately the quatemlzed total alkaloids of
greenheart were not available for testing at the time of
writing this thesis nor were any of the purified single
alkaloids, but it is hoped that it will be possible to

complete this investigation in the future*
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Studies on the ode of Action of Pharrancologically
Active Substances from haturr.l Sources with
Additional Studies on fojae Synthetic

heurosaagcular Plochia.BMAgents#

ghe thesis is divided into parts as followss

Fart I* Studies on the tae of Action of
iieaolnneroine*

Part 1IA» Studios on Some Synthetic rib-
and Setraquatemary houro >uscular
BloclcfSg £f;;ents«

1XT>» fhe Pharmacolo&y of Some roxy<e
bensyl“sogt* incline Derivatives e

A'ppsndiat III* Some Aspects of the Influence of
PH on Drug Action*

XV» 3%e rliar-i.acology of the Cotal
Alkaloid® of Greenheart
(ftectandra iodioei) *
Pert I# Studies on the Mode of Action of I”scinaeaiAns* In
the noraotensive anaesthetised catf rescinna sine caused little
or no fall in the level of the blood pressure* It depressed

or abolished pressor responses elicited by various laboratory

techniques« Hypertension In anaesthetised or spinal eats



due to the continuous infusion of adrenaline or noradrenaline
was reduced by an injection of rescinnamine, but the nreseor
effects of single injections of adrenaline or norndrenoline

were either unaltered or only ©lightly depressed*

Although its action is delayed in onset, rescinnamine

ha©® been shown to possess socae ganglion blocking activity*

Koocimr .mine depressed the acti vity of preparations of
isolated cardiac muscle« In isolated vascular and intestinal
smooth muscle re-scinrmmine reduced the magnitude of drug-
induced contraction and had a direct relaxant effect on the
former* In the isolated frog rectus usele, although
rescinnamine had some direct stimulant effect, acetylcholine
induced contractions were inhibited# It is concluded that
while the drug ha® a definite action upon the central nervous
system, which probably contributes largely to its anti-
hypertensi/e effect in man, peripherally induced relaxation of
the vascular .smooth made may also play a part#

Part lift# Studies on Some synthetic Trle— and ,efcraquaternary
[Teuryfiua“Yar r ...

the pharmacological properties of a new series of trie-
and tetraquaternary ethoniura compounds have been investi ated
and found to possess neuromuscular blocking activity. Some <£
them have a potency equal to, or greater than that of

tubocurarin®© /



tubocurarin® in the cat. Co npounda in whir*~ the g atornrry
centres are separated by fire, eix or eight me >bered poly-
methylene chains had tubocurarin©-like properties while others
having ten membered polymethylene chains in between the
quaternary centres showed typical decr icthoniu:i-like activity*
vids species variations in the potency of these compounds were

noted#

It has been shown that an increase in chain length in
the trie- and tetraouateraary compounds decreases the potency
and alters the type of activity from being tubocuré&rine-libe

to being decaociethoniu a-Iike*

Th* methyl analogue of dihexasulphonium, show® less
activity than the ethonium analogue, although the type of

activity (tubocurririne-1ik®) remains unaltered.

Part lib# If:é_ 1?Eatrjl.]%>§§?/, ,f':pf of 'EOH,E lydroxyoengyl”lcoquinoline

the pharmacological properties of some hydroxybenryliso-
quinoline derivatives were investigated and found to possess
little or no neuromuscular blocking activity. Qu&ternication
of the ro.eemic compounds increased the neuromuscular blocking
activity on pi'eparations of the rat diaphragm and frog rectus
Snell~* The tertiary bases sex's found to possess potent convul<

sant propertiese

Appendix III# /
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Appendix III* So < Asr>eotg of the Influence -af p: on®
Ttrwi Kxlon.

Alteration of the reaction of the bath fluid from norml
(pH 7*7 to 8*0) to #M4*>, or to pr 9.6, 7?*as likt.lt or no
direct effect upon the smooth muscle of the isolated guinea pip
Ileum* A further increase in alkalinity to pH 11*0 induces
a large contraction, the magnitude of which, beccl c lerr if the
PH is subsequently increased to 12.2. These chan es in the
activity of the tissue are reversible on washing with normal

fyrode *s &olutlon.
£

At higher lewvels of pH (increased alkalinity) the
sensitivity of the ileum to acetylcholine and hlet.-mine is
increased, whereas at lower levels of pH (increased acidity)
the sensitivity of the tissue to acetylcholine is increased but
the sensitivity to histamine is reduced.

Appendix IV» The Phar .aawlo. )y of the Total Alkaloids of
eirc’n-X-1t g 3 1 7 b .ot;io(71i7~

The greenheart alkaloids inhibit acetylcholinci-induced
contractions of the frog rectus, but they show very 1little
evidence of neuromuscular blocking activity on other isolated
tissue preparations* In bigger doses (4 to i, perk;¥*)
the greenheart alkaloids appear to have so ie depressant effects
upon neuromuscular transmission in the cat gastrocnemius
muael®©-sciatic nerve preparation. ihe all aloic a erased -sad

drop /



drop in the rabbit only when Ivon in lethal doaes.

ftift total alkaloids of greenheart have same depressant
activity on isolated cardiac uuacle end antagonize drug—*
induced at! .ulation of intestinal smooth muscle. They

usually caused a fall in blood pressure level of the

anaesthetised cat.



