ON THE ACTION OF IMBRETIL ON ISOLATED

HUMAN INTERCOSTAL MUSCLE
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THE CHOLINE ESTER, carbaminoylcholine, pos-
sesses muscle paralyzing properties of the
two-phase “depolarization” type in a dose
range similar to that of acetylcholine itsclf.r
In such doses, however, it also possesscs
powerful parasympathomimetic effects.*  In
order to suppress these “muscarinic” proper-
ties, many synthetic derivatives of carbami-
noylcholine have been prepared and studied
by Cheymol ¢t al.® and by Klupp ct al.t

The most promising of these derivatives
appears to  be  hexamethylene-1,6-bis-carb-
aminoylcholine bromide (Imbretil) on which
numerous  clinical reports have been pub-
lished (for references see Foldes and associ-
ates ). The pharmacology of this subject has
been well reviewed by Brucke.® In clinical
studies it has been shown to have a slightly
slower onset, but more prolonged action than
equipotent doses of decamethonium bromide
(C-10).* The present work was undertaken
to study the similarity in action between
Imbretil and C-10 on isolated human muscle
preparations, since C-10 had enjoyed a certain
degree of popularity until it was largely
replaced by the shorter acting succinylcholine.

MeTnobs

The pharmacologic use of the human
intercostal muscle has previously been de-
scribed in detail.¥ The preparation was sus-
pended on a plastic holder in a bath con-
taining  modified Krebs' saline which was
maintained at 37 C. and continuously gassed
with 95 per cent O, and 5 per cent CO..
Electrical stimuli were delivered to the muscle
once every 10 seconds.  Sclective stimulation
of the nerve fibers lying within the muscle
tissue was achieved by pulses of very short
duration (2.5 usec). This indirect stimulation
was alternated with pulses of longer duration
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(150 psce) which stimulated the muscle di-
rectly.  Resulting contractions were picked up
by a Statham strain gauge and recorded on
an ink-writing dynograph. In all records the
smaller response is that evoked by indircct
(nerve) stimulation.

Drugs were administered to the bathing
saline at the times and in the amounts men-
tioned under “Results.”  Three experiments
were performed using a completely closed
chamber # to study the cffcct of a combination
of ether and Imbretil, since in clinical studies
it has been found that the action of depolar-
izing relaxants is not potentiated by general
anesthetic agents in common use.®

ResuLTs

A sceries of preliminary experiments were
performed to arrive at the dose of Imbretil
which would invariably produce a well-
marked, two-phase neuromuscular  block.
This was done by administering different
amounts of the drug to the saline solution
bathing a number of preparations. Three
records obtained from one such experiment
are shown in figure 1. The optimum dose (13
pug Imbretil/50 ml. Krebs) determined from
the above experiments (fig. 1B) is the same
as that for C-10,7 although in this concentra-
tion, C-10 produces more profound first-phase
effects.  Six experiments were then performed
to clucidate the cffect of neostigmine (Pro-
stigmin) on the two-phase paralysis produced
by an optimum dosc of Imbretil. If nco-
stigmine is administered carly in the first
phase, the result is a marked potentiation of
this phase of paralysis (fig. 24), but if ad-
ministered long after the muscle has passed
into a sccond phase paralysis, ncostigmine
possesses a marked antagonistic action (fig.
2B). These results arc similar to those for
other depolarizing relaxants,” and exphin the
clinical observation that ncostigmine is an
unreliable antagonist.?

Figure 3 shows records from two experi-
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TWO PHASES OF NEUROMUSCULAR BLOCK PRODUCED BY "IMBRETIL™ ON INTENCOSTAL MUSCLE
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Fic, 1. Paralyzing action of Imbretil on isolated human intercostal muscle. AH prepara-
tions from same patient. Concentration of Imbretil as follows: A. 0.24 ug./ml; B. 0.3 ug./ml;
C. 0.5 pg./ml.  Well-marked, two-phase blocks in A and B, with good rccovery between
phases. Phase 1 slightly longer and more profound in B than in A. In C the dose of Imbretil
is sufficiently high to suppress the recovery between phases, so that phase 1 block has passed
impcrccptibf;' into a phase 2 block.

ments performed at the same time on two so that a comparison can be made as the
specimens of intercostal muscle removed from  ncuromuscular block passes from a first to 2
the same patient. Each record has been sccond phase paralysis. Figure 3A shows a
shown as strips, approximately one hour long, typical two-phase paralysis obtained by the
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Fie. 2. A. Potentiation of first phase block by the addition of neostigmine carly in first phase.
Some antagonism to second phase block evident. B. Two-phase block produced by same dose
Imbretil as in A. Note antagonistic action of ncostigmine when administered late in the sccond
phase. Dose of neostigmine same as in A.
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Fic. 3. Two-phase action of Imbretil to serve as control for figure 3B which shows the

action of Imbretil in the presence of 8.25 per cent cther.

Result suggests that ether potenti-

block, or that first phase is extremely

ates both phases of a

prolonged. Note good recovery with neostigmine added at about 100 minutes in A, but no

recovery in B.

addition of 15 pg. Imbretil to 50 ml. of physi-
ologic saline, the pattem of paralysis being
similar to that shown in figures 1B and 2B.
Figure 3B shows the record of a “closed-bath”
experiment ® showing the cffect of administer-
ing Imbretil (samec concentration as in fig.
14) in the presence of 6.25 per cent cther
vapor. ‘This concentration of ether produces
no neuromuscular block of its own. One hour
was allowed for equilibrium to be established
between the amount of ether vapor above the
level of the physiologic saline and the amount
in solution, If Imbretil is introduced to the
muscle under these circumstances, a profound
paralysis is the result. In the experiment
recorded, both indirect and direct responses
disappeared within ten minutes of the addi-
tion of Imbretil. This total block could not
be reversed by neostigmine which was added
100 minutes Jater. The muscle recovered
from the paralysis only after repeated washing
and the resumption of gassing with O, and
Co,.

DiscussioN

The present study shows that, like any
other “depolarizing relaxant,” a suitable dose
of Imbretil always produces a two-phase
paralysis in the isolated human intercostal
muscle. Early studies?® 3 using intact ani-
mals also described such a two-phase paraly-
sis, perhaps because Imbretil possesses a slower
but more prolonged action than C-10,* and
as has been shown in this study, Imbretil
produces lesser first phase (depolarization)
effects, but greater second phase (curariform)
cffects than equal doses of C-10. The latter
fact also explains the numerous reports indi-
cating that ncostigmine antagonizes an
Imbretil paralysis.’>1*  However, it has been
shown in this study that if ncestigmine is
given too carly, it will potentiate the neuro-
muscular block. This is also true for other
depolarizing relaxants.®  Since it is quite
impossible to distinguish clinically a first-
phase from a sccond-phase paralysis, the most
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important factor controlling the response to
neostigmine administered in the presence of
a paralysis induced by a depolarizing relaxant
is time. It is better to be patient and allow
the effects of the relaxant to wear off than to
rush the administration of neostigmine and
end up with a profoundly paralyzed pa-
tient.>? In an effort to obtain the maximum
advantage from Imbretil, claborate dosc
schedules have been employed 5212 and the
Iong-acting Imbretil has been replaced by suc-
cinylcholine for procedures requiring maxi-
mum relaxation for short periods, such as
endotracheal intubation and closure of the
peritoncum.??  If multiple doses of any de-
polarizer are administered, the response to
each succeeding dose depends upon the
intervals between them. Phase one effect is
always less than if two (or more) doses are
given together as a single large dose, while
the ultimate phase-two block depends upon
the total dose given and is quite independent
of the number of doses or the intervals be-
tween them.!  Therefore, if the anesthetist
is looking for a depolarizing block in his pa-
tient, he would describe the action of Imbretil
as being tachyphylactic,® forgetting that the
end-result is always cumulative. It has been
said that the muscle-paralyzing effect of
Imbretil, like that of other depolarizing re-
laxants, is not potentiated by commonly used
general anesthetic agents.® This clinical ob-
servation is not supported by our experimental
findings on the isolated nerve muscle prepa-
ration, perhaps due to the fact that the con-
centration of drugs in our study remains un-
changed over long periods of time. This
condition eannot be duplicated in the intact
animal or in the operating room.

SUMAMARY

A number of experiments are described to
demonstrate the action of the muscle relaxant
Imbretil on isolated human muscle. This
drug is shown to possess a two-phase action
similar to that of other “depolarizing” relax-
ants such as dccamethonium and succinyl-
choline.

It has been shown that ncostigmine an-
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tagonizes the sccond phase of this paralysis,
but potentiates the first phase. Diethyl cther
greatly accentuates the paralysis resulting
from the addition of a suitable dosc of
Imbretil.

Supported by U. S. Public Health Service Grant
B-1203. The drugs used in this study were
supplied by Burroughs Wellcome & Co.
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