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On the frog rectus abdominis muscle and on sciatic nerve-tibialis anterior muscle
preparations, /8-diethylaminoethyl 3,3-diphenylpropylacetate (SKF 525A) antagonized
the actions of acetylcholine and potassium chloride as well as having an antiveratrine
action. The blocking action at the skeletal neuromuscular junction of suxamethonium
and its disulphonium analogue, decamethonium, tubocurarine and gallamine was
enhanced by SKF 525A in the rabbit and in the isolated rat phrenic nerve-diaphragm
preparation. The activity of suxamethonium and decamethonium in the cat was
reduced. On the rat phrenic nerve-diaphragm preparation, pretreatment with SKF
525A abolished both the mutual antagonism between suxamethonium and tubocurarine
and the antagonizing effect of tetraethylammonium against suxamethonium. The
antagonism between tetraethylammonium and tubocurarine was unimpaired.

It is well known that /3-diethylaminoethyl 3,3-diphenylpropylacetate (SKF 525A),
a compound lacking any obvious direct pharmacological effects, can enhance and
prolong characteristically the activity of a number of compounds differing widely in
both molecular structure and pharmacological properties, such as various analgesic
drugs (Cook, Navis & Fellows, 1954b), local anaesthetic agents (Horakova', Votava
& Roth, 1959), hypnotic compounds (Cook, Toner & Fellows, 1954c; Cook, Macko
& Fellows, 1954a; Axelrod, Reichenthal & Brodie, 1954), tubocurarine and
mephenesin-like drugs (Macko, Cook, Toner & Fellows, 1953; Maas, Carey &
Heming, 1953; Bovet, Bovet-Nitti, Bettschart & Scognamiglio, 1956; Bettschart,
Scognamiglio & Bovet, 1956; Navis, Toner & Cook, 1953).

In order to throw light on the mechanism by which the activity of suxamethonium
and other neuromuscular blocking drugs is influenced in vivo by 8-diethylamino-
ethyl 3,3-diphenylpropylacetate, the present investigation was carried out.

METHODS

For the experiments with isolated neuromuscular preparations, the frog rectus abdominis
muscle was prepared in the usual manner (bath vol., 10 ml.) and the rat phrenic nerve-diaphragm
according to the method of Bfilbring (1946) set up in a 100 ml. bath. Experiments in vivo
were performed on adult female rabbits (average weight 2.5 kg) or on cats (weighing about
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2 kg) anaesthetized with 80 mg/kg of chloralose given intravenously. Sciatic nerve-tibialis
anterior muscle preparations were made in the conventional manner using a Brown-Schuster
myograph. In some experiments in the cat, the tibialis artery was isolated and cannulated
distally for retrograde intra-arterial injection according to the technique of Brown (1938). In
the in vivo experiments and in those on the rat diaphragm, indirect stimulation of the motor
nerve was effected by means of platinum electrodes connected to an electronic stimulator
delivering rectangular pulses. Single supramaximal stimuli of 0.5 msec duration at a rate
of 8 pulses/min were applied.
The following drugs were used: suxamethonium chloride, its disulphonium analogue, deca-

methonium iodide, tubocurarine chloride, gallamine iodide, tetraethylammonium bromide,
,8-diethylaminoethyl 3,3-diphenylpropylacetate (SKF 525A), acetylcholine chloride, veratrine
sulphate, potassium chloride. Doses are expressed in terms of the salts.

RESULTS

Influence of /3-diethylaminoethyl 3,3-diphenylpropylacetate upon neuromuscular
block in the rabbit and in the cat induced by suxamethonium and other neuro-
muscular blocking drugs. Using a sciatic nerve-tibialis anterior muscle preparation,
preliminary experiments confirmed the results obtained in the rabbit by Bettschart
et al. (1956) on the influence of /8-diethylaminoethyl 3,3-diphenylpropylacetate on
"head-drop " and on the LD50 dose of suxamethonium. In Fig. 1 /8-diethylamino-
ethyl 3,3-diphenylpropylacetate 10 mg/kg given intravenously prolonged and
intensified the partial block induced by 200 pig/kg of suxamethonium. The admini-
stration of suxamethonium 100 pg/kg then caused a more marked block than that
seen originally with double the dose. This hypersensitivity faded with successive
administrations of suxamethonium. About 2 hr after the treatment with ,B-diethyl-
aminoethyl 3,3-diphenylpropylacetate the response to suxamethonium had returned
to that seen originally.

,8-Diethylaminoethyl 3,3-diphenylpropylacetate in doses of 5 to 10 mg/kg by
intravenous injections caused enhancement of the blocking effects induced by tubo-
curarine, decamethonium, gallamine and a suxamethonium disulphonium analogue.

In the cat the effect of treatment with /8-diethylaminoethyl 3,3-diphenylpropyl-
acetate on neuromuscular block following the drugs used in the rabbit was different.
Suxamethonium block was antagonized by /3-diethylaminoethyl 3,3-diphenylpropyl-
acetate and the effect of this antagonism was still visible 60 min later. Both tibialis
and soleus preparations responded in the same manner (Fig. 2). Similar results were
obtained with the disulphonium analogue and with decamethonium. In contrast, a
marked enhancement of the neuromuscular block, similar to that seen in the
rabbit, was found with tubocurarine and gallamine.

In an attempt to explain this species difference, 8-diethylaminoethyl 3,3-diphenyl-
propylacetate was incubated with rat blood or cat blood at a concentration of
25 to 50 ug/ ml. for 2 hr at 380 C. The quantity of /8-diethylaminoethyl 3,3-diphenyl-
propylacetate remaining in the blood was then assayed on the frog rectus abdominis
muscle preparation, the sensitivity of which to acetylcholine was markedly reduced
by the compound as described below. The concentrations of /3-diethylaminoethyl
3,3-diphenylpropylacetate in the incubated blood had not altered, so that the- species
difference could not be attributed to enzymatic hydrolysis.
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Fig. 1. Rabbit anaesthetized with chloralose; sciatic nerve-tibialis anterior muscle preparation.
Indirect stimulation by single supramaximal stimuli. A, At (1) suxamethonium 100 pg/kg.
At (2) suxamethonium 200 ug/kg. At (3) SKF 525A 10 mg/lkg intravenously enhanced intensity
of block. B, Continued from A, after treatment with SKF 525A. At (1) suxamethonium
100 jig/kg. The increased sensitivity of the preparation is clearly evident in the rabbit.

Using the cat tibialis anterior muscle prepared according to Brown (1938), doses
as low as 10 to 20 ug of P-diethylaminoethyl 3,3-diphenylpropylacetate intra-
arterially produced a marked reduction of the responses elicited by intra-arterial
injections of both acetylcholine (1.5 ug) and potassium chloride (2 mg). The
responses to the two stimulants had returned to their original values within 30 to
40 min. This antagonistic effect of /8-diethylaminoethyl 3,3-diphenylpropylacetate
was present, though less marked, when the compound was administered intravenously
(Fig. 3).

Influence of 13-diethylaminoethyl 3,3-diphenylpropylacetate on the response of
the frog rectus abdominis muscle preparation. /3-Diethylaminoethyl 3,3-diphenyl-
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Fig. 2. Sciatic nerve-tibialis anterior muscle preparation (upper tracing) and soleus (lower tracing)
of the cat. Chloralose anaesthesia. Indirect stimulation by single supramaximal stimuli.
At (1) suxamethonium 50 hg/kg. At (2) SKF 525A 10 mg/kg intravenously. In the cat
the response to suxamethonium is antagonized.

Fig. 3. Cat sciatic nerve-tibialis anterior muscle prepared for intra-arterial injection. Chloralose
anaesthesia. Indirect stimulation with single supramaximal stimuli. A, At ACh, retrograde
injection into tibialis anterior artery of acetylcholine 1.5 Hg. Between A and B SKF 525A
10 mg/kg was given intravenously. In B, C, D, and E, responses to intra-arterial injections of
acetylcholine (ACh) at 10, 20, 40 and 60 min intervals respectively, after the SKF 525A admin-
istration. The direct response to acetylcholine was reduced at first, but slowly recovered.

propylacetate antagonized very strongly the responses of this preparation to both
acetylcholine and suxamethonium (Fig. 4). As in the cat, the action of potassium
chloride was also antagonized (Fig. 5). Both duration and magnitude of the inhibit-
ing effects were proportional to the concentrations of 3-diethylaminoethyl 3,3-di-
phenylpropylacetate as well as to the time of contact with the responsive organ.
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Fig. 4. Isolated frog rectus abdominis muscle preparation. At (1) suxamethonium 1.5 pg/ml., at (2)
acetylcholine 0.6 pg/ml., both 2-min exposures; at (3) SKF 525A 2.5 fg/ml., 5-min exposure;
at L, washing. 15 min between (1) and (2), 30 min between each pair of responses to the two
stimulants. SKF 525A reduced the effect of both stimulants. Bath vol., 10 ml.

Fig. 5. Isolated frog rectus abdominis muscle preparation. At small arrows, 2 mg/nl. KCl, 2-min
exposure. At (I) SKF 525A 5 ig/ml., 5-min exposure. At L, wash-out. 30 min between
responses. SKF 525A compound reduced the contracture produced by KCI. Bath vol., 10 ml.

Furthermore, /8-diethylaminoethyl 3,3-diphenylpropylacetate inhibited the increased
sensitiveness to potassium ions following treatment with either veratrine or tetra-
ethylammonium (Della Bella et al., 1959).

Influence of /-diethylaminoethyl 3,3-diphenylpropylacetate on the phrenic nerve-
diaphragm preparation of the rat. Concentrations of 10 /,g/ml. of /3-diethylamino-
ethyl 3,3-diphenylpropylacetate decreased the amplitude of contraction to indirect
stimulation gradually, resulting in a 50% reduction after 15 min. Recovery occurred
after prolonged washing. Higher concentrations caused reductions, the degree and
rate of development of which were proportional to the magnitude of the doses used.
The contractions in response to direct stimulation of the muscle were unimpaired
when the indirect response was reduced by /8-diethylaminoethyl 3,3-diphenylpropyl-
acetate.
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,8-Diethylaminoethyl 3,3-diphenylpropylacetate (5 to 10 ug/ml.) enhanced the
blocking activity of suxamethonium, but the greatest augmentation of the action of
suxamethonium appeared after /8-diethylaminoethyl 3,3-diphenylpropylacetate had
been removed from the bath. This striking " tardive " enhancement was dependent
on both the concentrations of /8-diethylaminoethyl 3,3-diphenylpropylacetate used
and on the duration of its contact with the preparation. If 10 jug/ml. of 8-diethyl-
aminoethyl 3,3-diphenylpropylacetate was left in contact with the preparation for
10 min which was then thoroughly washed, the increased sensitivity to suxa-
methonium lasted from 3 to 4 hr and only then waned very slowly (Fig. 6). The

Fig. 6 (A and B). Isolated rat phrenic nerve-diaphragm preparation. Indirect stimulation with
single supramaximal stimuli. At (I) tubocurarine 0.4 ztg/ml. At (2) suxamethonium 0.8 g/lml.
At (3) 5-min exposure to SKF 525A 10 ,4o/ml. Wash-out at L. Both tubocurarine and suxa-
methonium effects were potentiated for some hours after the SKF 525A treatment although
the preparation was washed thoroughly. The second dose of suxamethonium (2) was recorded
10 min after treatment with SKF 525A. Bath vol., 100 ml.
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preparation also showed increased sensitivity to tubocurarine, the disulphonium
analogue, decamethonium and gallamine block.

In view of these results we thought it interesting to examine whether pretreatment
with p-diethylaminoethyl 3,3-diphenylpropylacetate modified the characteristic
mutual antagonism between suxamethonium and tubocurarine and the antagonistic
action of tetraethylammonium and of calcium ions against these drugs. Pretreatment
with 3-diethylaminoethyl 3,3-diphenylpropylacetate caused a clear synergism instead
of the usual antagonism between tubocurarine and suxamethonium (Fig. 7A) and
similarly tubocurarine increased a block produced by suxamethonium.

Fig. 7. Isolated rat phrenic nerve-diaphragm preparation. Indirect stimulation with single supra-
maximal stimuli. The preparation was pretreated with 10 p&g/ml. SKF 525A for 5 min and
then washed. Bath vol., 100 ml. A, At (1) tubocurarine 0.3 jg/ml. At (2) suxamethonium
0.4 j4g/ml. Effects are synergistic instead of antagonistic as in normal preparation. B, Same
preparation. At (1) suxamethonium 0.6 pg/ml. At (2) tetraethylammonium 50 ug/vml. At
(3) tubocurarine 0.5 jug/ml. Tetraethylammonium did not antagonize suxamethonium block,
and the antagonism of tubocurarine block was reduced reversibly.
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While /3-diethylaminoethyl 3,3-diphenylpropylacetate antagonized the anti-tubo-
curarine action of tetraethylammonium transiently, it completely and permanently
abolished the anti-suxamethonium activity of tetraethylammonium. Sometimes, as
in Fig. 7B, tetraethylammonium even increased paralysis. The antagonistic action
of calcium ions towards tubocurarine and suxamethonium block was greatly reduced
but not abolished.

DISCUSSION

Our findings and those of Harris & Milton (1961) suggest that ,8-diethylaminoethyl
3,3-diphenylpropylacetate can have a direct action at the neuromuscular junction.
For instance, in the cat we found that ,8-diethylaminoethyl 3,3-diphenylpropylacetate
administered either intra-arterially or intravenously reduced the direct responses
of tibialis anterior to acetylcholine and to potassium. /8-Diethylaminoethyl 3,3-di-
phenylpropylacetate also reduced the responses of the frog rectus abdominis to
acetylcholine, potassium and suxamethonium. An action of /3-diethylaminoethyl
3,3-diphenylpropylacetate at the neuromuscular junction could account for the
modifications of the effect of blocking drugs. Our, experiments show that these
modifications vary with species and with the type of compounds tested. In the
rabbit the blocking activity of the depolarizing drugs such as suxamethonium, its
disulphonium analogue and decamethonium as well as that of tubocurarine and of
gallamine was enhanced by /3-diethylaminoethyl 3,3-diphenylpropylacetate whereas,
in the cat, only the latter two compounds were more active while the effects of the
others were antagonized. The responses in the cat diaphragm follow the pattern
seen in the rabbit.
Our experiments show that the effects of ,B-diethylaminoethyl 3,3-diphenylpropyl-

acetate conform neither to those typically exhibited by depolarizing blocking agents
nor to those seen with tubocurarine-like drugs. Further work will be necessary
before the mechanism of this interesting action of 3-diethylaminoethyl 3,3-diphenyl-
propylacetate at the skeletal neuromuscular junction can be elucidated.

The authors would like to thank Smith, Kline & French Laboratories, Philadelphia, for a
generous gift of /3-diethylaminoethyl 3,3-diphenylpropylacetate (SKF 525A).
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