QUANTITATIVE STUDY OF THE ACTION OF IMBRETIL

AND ITS MODIFICATION .IN MAN
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Tur present study was undertaken-to deter-
mine-as precisely as possible the duration of
paralysis produced by Tmbretil, hexamethylene
1,6 bis-carbaminovl choline bromide; on the
diaphragmi, the external oblique abdominis and
the flexor muscles of the forearm in man. The
efficacy of -various “antagonists” in relieving
the neuroiuscular block of these three groups
of muscles was also-studied.

MATERIALS -AND  METHODS

Twenty patients  of - both- sexes ranging in
weight from-45.5 to 72 kg and ‘scheduled to
have ‘minor surgical procédures were studied.
Preanesthetic medication -c¢onsisted of secobar-
bital, meperidine -and scopolamine in- average
therapeutic doseés.  Light -anestliesia” was -in-
duced  with thiopental - or - cvelopropane -and
maintained “in”as “uniformi a level as possible
with _nitrous ~oxide - (60~70 per cent) and
oxygen (30-40 per cent) -and intermittent or
slow continuous “intraverious “infusion of 0.2
per” cent thiopental solution. - An-enidotracheal
tube was ingerted withthe “aid “of  surface
anesthiesia’ (2 per cent lidoeaine ‘solution) of
the pharyvny, larynx and trachea.” No relaxant
was used forendotracheal ~intubation. The
endotracheal tube wis eoinected to a research
modeél volume ventilator - (“Snorky”) -through
a nonrebreathing valve. - Artificial respiration
was $0 adjusted “that  the “end-tidal "Pr.q; “as
measured with a Beckman infrared CO, an-
alyzer-was maintained “at or near normal - con-
trol “values. - Aisterial ~blood samples - were
obtained every -15-30 mintes for the deter-
minations of “pH, Pagq,, - biffer base. dand O,
saturation. " The Pagg, agreed closely with the
end-tidal Prg, in that there was a-mean differ-
ence of - 2-mm. Hg. " The arterial oxygen
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saturation was usually 9698 per cent and was
never below 93 per ¢ent.

A ‘pneamotachograph was placed next to the
inspiratory armi Cof “the tnonrebreathing valve
and its signal was recorded on a multichannel
cathode ray ‘oscillograph.. - The output” of the
preumotachograph -wag integrated = electroni-
callv.” The integrated pnenumotachogram was
used as an_index of inspiratory tidal volume.
The electrical activities of the diaphragm and
the external “oblique “abdomiiiis  (electromyo-

graph, EMG) were recorded with two sets of
bipolar electrodes and appropriate ‘amplifying

systems: Twitch tension of the forearm flexors
i response to ulnar nerve stimulation was
detected “with a strain-gauge and recorded on
the oscillograph.. Stimuilating - eurrents  were
derived from a Grass stimulator (Model S40R)
through an isolation unit and applied to the
nerve niear the medial épicondyle of the-elbow
through a "needle “electrode: - Mornophasic
Square-wave -pulses with anintensity varying
from’ 8 to 15 volts ‘and a daration of 0.1 to 4
milliseconds 'were delivered “at a frequency of
1 shock per 4 seconds. The parameters were
kept constant throughout any one -expériment,

After 5-10 minutes of observation and stabil-
ization Imbretil ‘in doses of 15 to 91 pg:/kg.
(1-6 -mg.) _was injected intravenously. - The
onset - of “paralysis was judged by the disap-
pearance -of - diaphragmatic - and
EMG “and forearni” flexor twitch.

abdominal
In “seven
subjects the natural “course.-of “recovery - of
muscle function “was ohserved. - In thirteen
subjects; onie -of several “dntagonists” was in-
jected intravenously “at the time when there
was a minimal tecovery of the forearm Hexor
twitch “and -the beéginning - of a spontaneous
respiratory “effort. of
These ‘agents and
their doses “were: _neostigmine “methylsulfate,
2 mg.; edrophoniwm chloride, 10" mg.; B.W.
Drug- No.  49-204, 3-4 mg:;/kg.; ' thiamine

The -subsequent - course
recovery was - observed.
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chloride; - 7.5<10mg:
aldoxime methiodide

kgt and - pyridine-2-
2PAM) 0 15-207 mg.
kg T Atropine sulfate” (1 mg. ) was adminis-
tered prior to the injection of nieostigmine and
edrophoniom:

Ina few instances -after apparent complete

recovery . of ~miuscle funétion the study wiis
repeated with smiall divided doses of Imbretil
(0.25-0.5 vag.) ‘and “the samie “antagonist.”
No ssubject “received more-than “one” “antag-
onist.”

In-four additional subjects Imbretil was ad-
ministered during “a surgical procedure “and
studies carried out after - the  completion “of
operation: when there ways  residual -paralysis
and hypoventilation. Not all of the parameters
mentioned -above were measured Tunder these
circtimstaices.

ResuLts

During  light thiopental, "nitrous - oxide-ox-
vgen anesthesia and prior to the administration
of ‘Tmbretil, the forearm flexor twitch- terision
was steady and showed only insignificant varja=
tions. . The diaphragmatic’ EMG -bursts were
phasic with & certain. amount of - background
activity. These inspiratory bursts ‘weére both
i and - out of phase with the véntilator, - The
external oblique EMG showed contintious ac:
tivity with increased - discharge ~diiring “expira-
tion. . The tidal volumeé of the subjects’ spon-
tanéous respiratory effort, measured “with the
ventilator turned off for the duration of one
or two breaths, was relatively constaiit.

Effect -of “Imbretil on the Twitch of “the
Flexor Muscles of the Forearm. Enough Twi-
bretil (32-91-pg.7kg., 2-6 mg.) was injected
intravenously - to- produce complete  museular
paralysis within 2=3 -minutes”ds indicated by
the disappearance of the forearm fexor twitch,
Complete-paralysis lasted from 20 to 45 ‘min-
utes. One subject received only 15 ug./kg.
{1 mg) of Imbretil and had “only paitial
paralysig. - The twitch tension was redaced to
3 per centof “the control value: Récovery
began in 10 minutes. The- correlation coeffi-
cient ‘between “the “dose of Imbretil and the
duration of complete paralysis was 0.553.

The time required for complete recovery of
twitch tension could be measured only in the
seveir subjects -who received no- “antagonist.”
In five of these full recovery took place from
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30 to 60 mintesafter thie iinjection of 47-71
ng/Kg(3-47mg.) of Imbretil, In - the re-
maining two who veceived 88 dand 91 pg kg,
(4 and -6 mg.) Tof Tmbretil respectively, re-
covery “was not complete after 70 mirintes in
one case und 90 anintes in the other,

Effect of Tmbretil “oi -the “Activity - of “the
Diaphragm and the External Obligie Abdoni-
inis.“Apved was produced “Within 23" min-
utes after the injection of Tnibretil, “The phasic
discharges of the diaphragm were abolished at
the same time ‘or 1-2 minttes afterwiard, - The
electrical activity - of “the “external obligue ab-
dominis ustally stopped at the same timie as
the diaphragin but occasionially persisted longer
for various lengths of tme (up to 9 minutes)
depending upon the doseof Tmbretil.” During
the apneic period “the diaplivagm remained
clectrically “silent” except ina few instarices
whiere traces ot randony discharge-of extrémely
low amplitude were observed,  "The electrieal
“silence” of the diaphragm Jasted from 14 to
33 minutes, after which  phasic activity was
discernible both on the monitoring sereen and
fromthe -andio ‘monitoring systeny.. The cor-
relation” coefficient - betweenthe dose “of - Tm-
bretil “and the " daration of dinphragmatic
“silenee” was 0,77 Coimcident with ot a fow
minutes after the retain -of phasie diaphrag-
matic electrical uctivity, spontaneous respira-
tion “began and the tidal “volimie T increased
progressively with time.

In“the subject who received only 15 g ke
(Lomgly of Imbretil, diaphragmatic - and  ab-
dominal ‘muscular activity wag not abolished,

Effect: of “Antagonists” - on “the  Action of
Imbretil. - In twentv instances (17 “subjects)
one of the “antigonists” was administered at

TABLE I

ErPECTS 0F - CANTAGONTRTS 0N NEUROMUSCUTAR
Brock "Proouern ny TMBRIETL (4% MEASURED
BY Foreary Fuexorw Twirerr TENSION AND

SPOXTANEOUS T Vororwe)

Fitfeit
Ny
Dirug Dose Loof
Pests” ntaies] Putons |~ Na
onist . tator 1 Ffect
Neostigmine . 2 mg. i 3 3
Fdrophoniuni | 10 mg. i 1
Thigmine 7.5-10 mg kg b 5 pid 1
BIW49-204 o 34 mp kg 2 s
2-PAM 1520 mg. k. 3 2 1
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the beginning of the recovery of forearm flexor
twitch, ~The results are presented in the table.
Antagonism was consideréd effective if “the
forearm Hexor twiteh tension, spontaneous re-
spiratory tidal volumie, and the diaphragmatic
EMG - showed an “increase “or -an aceelerated
rate of recovery within 2=3 ininutes after the
injection of these agents. If the twitch tension
and “the ‘spontaiieous- respiratory tidal .voluriie
became “depressed following -the ‘injection, po-
tentiation of - Imbretil “aétion was thought to
have occurred. A third possibility was “also
obsérved—no effect it all.

Under the conditions of this study; neostig-
mine did not relieve the block produced by
Imbretil in clearly predictable fashion. “In the
three instances wheré the dose of Imbretil was
moderate; i.e., 44-65"pg. kg (34 mig.), the
beginning - of recovery -of “the Fforéarm - flexor
twitch and spontancous tespiratory” effort “oc-
curred within 30 minutes. Néostigmine, -ad-
niinistered shortly aftérwards "(35-40 minutes
after Imbretil) .did not seem to have any fur-

EFFECT OF NEOSTIGMINE
ON THE 'ACTION OF -IMBRETIL

mmHg END~TIDAL PCO»
50 L .,
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5 o 5 25 3035 40 a5 .50 55

TIME (minutes)

Fi6. 1. Female; 68 kg, Spontasieous respiratory
tidal volumie (Vi) is indicated -as arbitrary “units
measured - fron “the integrated - pnenmotachogram.
At-arrow 1, Imbretil, 44 ug./ke. (3 mg)-was- in-
jected intravenously. -Both the forearm flexors-and
diaphragm- became “paralyzed in-1 -minute. At
arrow 2, -atropine, 1-mg. intravenously ~and “at
arrow 3, ‘hieostigmine, 2 mg., intravenously. . Neo-
stigmine - did -not .appear to -alter ‘the-rate of re<
covery .of Vi and twitch: terision. ~End-tidal Peo,
was-kept constant with -artificial respiration;
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EFFECT OF NEOSTIGMINE
ON THE ACTION OF IMBRETIL
(Late antagonism)

mmHg END-TIDAL PCOp
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Freo- 2. Female, 60 kg, ~At-arrow 1, Imbretil,

83 ug./ke was injected intravenously.” - Apnea and
paralysis of forearm-flexors -occurred “in-1 minute,
At -arrow 2, atropine, -1 mg., and at arrow 3, neo-
stigmine; 2 mg. intravenously. Note immediate
increase -in-twitch- tension which returned to-con-
trol value-in 3 minutes, - Break in" tidal - volume
curve represents temporary breakdown -of “record-
ing apparatus.

ther influence o the rate of recovery. - The
result-from one study is shown in figure 1. In
three subjects the. dose of Imbretil was rela-
tively large "(83-90 ng./kg., 5-6 mg.) and the
duration ‘of paralysis wag longer - (40-45 min-
utes). Neostigmine given under these circums
stances  (approximately 50 minutes after Im-
bretil) was followed by an accelerated rate of
recovery of twitch tension and spontaneous
respiratory effort. 'These functions reached the
control values within 5 minutes after the-in-
jection of neostigmine (fig. 2).

Edrophonium was™ tried once in a dose of
10 mg. and produced no apparent effect.

The results obtained with thiamine differed
in different “trials. In five subjects; thiamine
relieved the bloek when 10 myg./kg. wis -in-
jected ‘within 40 minutes after the administra-
tion of Imbretil - -and when the spontaneois
respiratory -effort and the forearm flexor twitch
had begim their recovery. . Figure 3 illustrates
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EFFECT .OF THIAMINE
ON THE ACTION OF IMBRETIL

mmHg END=TIDAL Pcag

TWITCH TENSION

1 i 1 i 1 e
Q & 13 ta 20 25 30 25
TIME {minutes)

Fra. 3. Female, 63 kg, - Fifty minutes prior to
zero-time Imbretil, 32 we /kg. (2 -mg.) was in-
jected intravenously. "Twelve minutes prior to-zero
time intravenous injection-of thiamine; 10 mg./kg.,
effectively antagonized the action of Imbretil. \t
arrows 1, 0,25 mg. each of Timbretil -(total, 1
mg., 20 ug./kg.) wére injected intravenously.
arrow -2, thiamine, 10 e, kg, again- antagoniz
the-action of Imbretil. At arrows-3 and 5, passive
hyperventilation reduced -end-tidal -Peoi;resulting
in-aprea. - At arrow 4, thiopental, 150 mg., re dnwd
spontaneous - tidal volume (V). Twite " tens
was not affected by hyperventilation and thiopental.

the result in one- of these caseés. - In-two in-
stanees thiamine caused -a transient depression
of - spontancous réspiratory tidal "volumeé and
twitch tension, One of these subjects -was
studied after operation. . He had common bile
duct -obstruction and licterus. - Imbretil, 55
agkg (4 mgs) . was - admiinistered - during
cholecystectomy and common duct-exploration:
At the completion of operation the spontaneons
respiratory tidal “volume was m.uloqnut(* and
thiamine (10 mg./kg.) was administered (110
minttes after Imbretil). - The result is shown
in figure 4. Artificial respiration was continued
for “30 “minutes until -spontaneous respiratory
exchanige wis considered adequite.

B.W. Drug No. 49-204, in doses of 3-4
mg./ kg was tried in two instances ag recovery
began and caused “a transient” depression of
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EFFECT OF THIAMINE
ON THE ACTION OF IMBRETIL

mmHg END-TIDAL PCOp
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Fre: Male; 73 kg Tmbretil, 55w /kas (4

mg ) was given <110 minutés- prior -to -zero - time
during choleéystectomy iind: common duct-explora-
tion: At arrow-thiamineg, 10 mg./kg., rediiced the
spontaneous tidal-volume { Vi) “and -the forearm
flexor twitch tension.

EFFECT OF BW. DRUG -NO.49-204
ON THE ACTION OF -IMBRETIL

mmHy END~TIDAL PCOp
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Fi1e. 5. Female, 615 kg, At arrow 1, Imbretil
49 pe ke (3-mgo)y o Apnea and paralysis of fore-
arm - flexors occurred in-2 minates. - Phasie- di-
aphragmatic EMG- disappeared -in -3 minutes. - At
arrow 2, B.W, Drug No. 49-204, 3 meg:/ke.; cansed
transient poh'ntmlmn of “the action -of lmhwt»l
decrease -in-twitch tension, and spontaneous - tidal
volume (V).
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forearm flexor twitch tension.and spontaneous
respiratory tidal volume (fig. 5).  Pyridine-2-
aldoxime methiodide {15-20 mg./kg.): also
produced a transient depression of the twitch
tension~in two instarices and no effect in-one:
However, while -the twitch tension was - de-
pressed, there was an inerease “in”the EMG
activity of the diaphragm with this drug.

DiscussioN

The use of muscle twitch tension as meas-
urement of the action’ of neuromuscular block-
ing agents and its modification is a standard
laboratory procedure: Tts application in human
studies has not-beén frequent although data
obtairned inthis manner can be of significanice
in the undeérstanding of the action of relaxants
in marn.

o Most clinieal studies of relaxants have been
conducted using “mirite or - tidal -ventilatory
volume alone ~as “the - critical -measurements.
Since-the neural “control of “respiration during
anesthesia with controlled respiration may be
altered in an mnpredictable manner, ventilatory
volumeé cannot be utilized as the sole index of
neuromuscular blockade. . For-example, it has
been - shown - that - diaphragmatic” EMG Tand
spontanieous respiration can-be dbolished “dur:
ing general anesthesia by increasing the ventila-
tory volumie and reducing the end-tidal P,
to' levels 10 mm. Hg below the control values:t
It is also obviots that deepening of ‘anesthesia
can decrease the ventilatory éffort.” The effect
of these factors on ventilation is shown in
figure 3. After there was improvemént- of
spontaneous respiratory -tidal volurie with the
administration of thiamine,  hyperventilation
produced a fall of end-tidal Prg, from 44 to 38
mn."of “mereury. - -This - change “wus -accom-
panied by the -disappearance -of phasic di-
aphragmatic activity and apnea. Administra-
tion of 150 mg. of thiopental also rednced the
EMG -activity and spontaneous tidal ‘velume
with an increase of end-tidal Pge, of 3 mm. of
mercury. - Both  these maneuvers did not
significantly alter - the  forearm  flexor - twitch
tension.

From the foregoing, it is clear that if the
spontaneous - ventilatory -volime is to be used
as an index of the action of a relaxant, carbon
dioxide tension in the blood should be kept at
or slightly _above the control level and - the
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depth-of .anesthesia as constant as possible. It
is only under these conditions that the central
respiratory drive can be ‘assumed to be con-
stant and changes in neuromuscular - transmis-
sion in respiratory muscles can be studied with
some - degree “of “confidence. In this study
reliance was placed on the monitoring and con-
trol of end-tidal Po,.  The depth of anesthesia
wis kept relatively -constant by the- ¢hoice of
anesthetic agernits and clinical signs withoat the
aid “of the eléctroencephalograph.

The use of artificial ventilation with a con-
trolled level of end-tidal P, did not interfere
with the measurement of respitatory miuscular
activity “and spontaneous tidal volume. The
most sensitive means of detecting respiratory
muscular activity dppears to be the EMG of
these muscles. . Artificial ventilation does not
have to be interrupted for the observation of
diaphraginatic EMG. However; the measure-
mient of “the “work” aceomplished by these
muscles, .., the respiratory tidal volume,. is
carried out by stopping the ventilator-for one
&r two breaths.  Interruption of artificial venti-
lation for this” duration did not alter the end-
tidal Pgg, significantly.

The duration ‘of complete paralysis -of -the
forearm flexors could mot ‘be correlated  with
the dose-of Imbretil administered although the
duration - of “partial _paralysis” was prolonged
after larger doses.. This is not surprising since
there are probably many factors besides” body
weight which can - influence the duration . of
action of @ -relaxant. Therefore, the dose
schedule in respect to body weight and con-
templated duration of “surgical procedures as
suggested by Reis 3 can’ be used only “as-a
rough - guide.

The-question of antagonism against Tmbretil
was not answered ¢learly in this study. The
difficulty in study lies in the fact that the action
of Imbretil is prolonged and the eftect of re-
peated “administration is. cumulative 1t s
believed that these characteristies of the drug
prevent using 4 subject as his own control for
the study of “antagonists” since repeated injec-
tions ‘of substaritial doses of Imbretil “are im-
practical. - The “recovery  rate - of  muscular
furiction _after the administration of an “antag-
onist” could be compared only with that ob-
served in other subjects in whom no “antag-
onist” “was given. Because -of “differences in
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the dose of Imbretil and individual variations
this method of -comparison—is at best a gross
estimation -unless ‘a clear cut marked “change
is observed.  These duta suggest that neostig:
mine-may be-effective” as an- aitagonist only
when - the duration of -paralvsis”is -relatively
long ™ {approximately -1 hour or more) and the
dose .of Imbretil large (80 pg./kg. or riore):
Contrariwise; thiamine is - an -dntagonist. only
when given relatively early (less thari 40 min-
utes) after Imbretil and it may potentiate the
action -of “the relaxant “when used -after “pro-
lotiged paralysis,

The results obtained with B, W, Drug No.
49-204 are surprising in view ‘of ‘the fact thut
this "agent is “aneffective _antagoiist “against
decamiethonitim 1 and was found to antagonize
Imbretil in the cat.s This iHustrates again the
importance of species difference and empha-
sizes’ the need of “ultiniate evaluation of re-
laxant action in human subjects.

Pyridine-2-aldoxime méthiodide-is an effec-
tive antagonist against d-tubocuraring in the
cat.® - -Against Imbretil “inman; it -caused
transient. potentiation of the forearm- musele
paralysis i two out of three instances. Tt is
interesting that-at the same tme it incredased
respiratory muscular activity. The mechanism
for this finding is not cleat at the présent. One
plausible - explanation “is- that 2PANM wav act
ag i central stimulant. Its potentiating  effect
at the neuromiuscular - junction “may be offset
by thé increased “ceritral respiratory drive,

The data presented in this study -are not
such as to justify discussion of the mechanisin
of action of Tmbretil rior the bisis of its modifi-
cation by the various agents tested.

SuaARYy

The action of Tmbietil (hexaniethvlene 1.6
bis-carbaminoyl choline bromide), 4 muscle
relaxant, was studied in’ 24 ancsthetized sub-
jects with. torearm” flexor - twitch tension, di-
aphragniatic and abdominal eléctromyography
and spontaneous -respiratory -tidal - volimés as

indices of - netromuscular block, " The “experi-
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ments. were made under controlled conditions
whéreby the end-tidal P, and depth of anes:
thesia were kept relatively u(ronsmnl‘

Under the conditions of this study, Imbretil
idoses of 32-91 pg kg (2-6 mg)) produced
apnea for 14-33 minutes and complete paral-
vsis of the forearin flexors for 20-45 miniites.
There ~was o statistical - corrélition - between
the dose of ITmbretil and the duration of ¢om-
plete paralysis “except that with larger “doses

(approximately .90~ io./Kg.)- the dusation of
partial ‘paralvsis- was prolonged.

In 17 subjects the effect of various “antag-
onists” Jonthe action of Tmbretil wias studied
during the recovery phase.  Neostigmine ap-
peared to be effective as an antagonist when
administered -approximatelyan hour “or ‘iore
after Imibretil. - Thiamine antagonized the
action ol Tmbretil when given less than 40
minutes after Imbretil: - After prolonged Tni-
bretil “paralysis " thiamine “caused  a transient
depression of muscular function. B, W. Drug
NoO.-49-204, an antagonist against decametho-
niuny, potentiated the action of Tmbretil,

The “importance “of “the  ineasurenient - of
ventilatory ~“funetion  under éontrolled  condi:
tiongin the study of the action of relaxants and
their “antagonists” was diseussed.
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