EFFECTS OF BARBITURATES ON SKELETAL MUSCLE FUNCTION
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The: reported efleets of barbiturates upon skel-
ctal muscle contractions are conflicting.  In
usual therapeutic doses these drugs are gener-
ally considered inactive, Very high concentra-
tions may produce blockade at the neuromus-
cular junction,! Positive inotropic actions have
been reported for various barbiturates.® 3 The
results reported  in this paper concern the
reinvestigation and extension of observations of
barbiturate activity on skeletal muscle contrac-
tions, and suggest facilitation at the neuro-
muscular junction with some of these drugs.

Marterians axnp MeTHODS

The drugs investigated in this study were:
barbital sodium, hexobarbital sodium (Evipal,
Winthrop), methitural sodium (Neraval, Scher-
ing), pentobarbital sodium  (Nembutal, Ab-
bott), phenobarbital sodium, sccobarbital so-
dinm (Scconal, Lilly), thialbarbitone sodium
(Kemithal,  Imperial — Chemical  Industries,
Ltd)) . thimmylal sodium (Surital, Parke, Davis
& Co.), and thiopental sodium  (Pentothal,
Abbott).  All drugs were administered intra-
venously in doses of 15 mg. kg, Respiration
in all experiments was assisted either manually
or by a Palmer pump.

These drugs were studied in mature rabbits
weighing about 1.2 kg, The
anesthetized  with  evelopropane,

rabbits were

A trache-
ostomy was established and an endotracheal
tube inserted. Anesthesia was maintained with
a to-and-fro system during the remainder of
the surgical preparation.  The gastroenemius-
sciatic nerve preparation was used. The sciatic
nerve was severed and bipolar, silver  elee-
trodes were attached to the distal end.  The
animals were allowed to awaken before be-
ginning the experiments. A Grass stimulator
(Model S4-C) was used. A monophasic square
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wave stimulus of 2 milliseconds duration, ad-
ministered every 5 seconds, was employed for
Tetanie stimulation
was of a frequencey of 250 cyeles per second
and was administered for 0.2 second every 3
scconds.  Voltage was supramaximal in all
experiments.

The first phase of the investigation involved
studies of the effects of barbiturates on muscle
contractions in  the following  experimental
situations: (a) single shock stimulation of the
sciatic nerve in awake animals; (b)  tetanic
stimulation of the sciatic nerve in awake an-
imals; (¢) single shock stimulation of the
sciatic nerve in awake animals during recovery
from neurosmuscular blockade produced by d-
tubocurarine chloride; (d) single shock stim-
ulation of the sciatic nerve in animals receiving
thiopental during evelopropane anesthesia.

The second phase of the experiment in-
volved  chronically  denervated  gastroenemius
muscle.

single shock experiments.

The sciatic nerve was severed and 14
dayvs allowed for nerve degeneration.  Experi-
ments were then conducted  using  bipolar
needle clectrodes pluced in the tendon and
Lelly of the gastroenemius muscle. The muscle
was stimulated directly using single shock.

Resvrrs

The effects of barbiturates on skeletal mus-
cle eontraction were observed.  The results for
cach method will be presented  individually,
At least five observations were made for every
barbiturate in cach experimental situation,

Indireet Single  Shock  Stimulation.  Thi-
opental, methitural, thialbarbitone, thiamylal,
secobarbital  and  pentobarbital — consistently
caused an increase in the amplitude of muscle
contraction with a single shock stimulus.  The
cffect with secobarbital and pentobarbital was
not as pronounced as with the other barbi-
turates.  Increased contraction was not con-
sistently produced by hexobarbital.  No
crease was seen with cither phenobarbital or
barbital.  An illustrative record using methi-
tural is shown in figure 1, plate 1.

in-

20z ludy 0z uo 3sanb Aq ypd°£0000-000£0096 |-Z¥S0000/588 1 1.9/0G L/2/ L 2/3pd-81o1n1e/AB0|0ISBUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



15 EFFECTS OFF BARBITURATES ON SKELETAL MUSCLE FUNCTION \f_\“l'*““‘*i”l“ﬂ.\'

Dircet Single Shock Stimulation.  The cof-
feets of various barbiturates on directly stim-
ulated muscle were observed.  None of the
drugs used produced either an inerease or
decrcase in the amplitude of the muscle con-
traction.  The fuilure of methitural to produce
an increase in contraction height s illustrated
in figure 1, plate 4.

DiscussioN

The augmentative cffect of the barbiturates
on skeletal muscle contraction using  single
shock indirect stimulation confirms the results
that have been reported in the literature,® @
We found that the thiobarbiturates were more
active than the oxvbarbiturates.  With indireet
tetanic stimulation the barbiturates caused a
decrcase in the amplitude of muscle contrac-
tion.  Sirnes ¥ reported an initial inerease pre-
ceding the depression of muscle contraction.
This obscrvation was not confirmed in this
studv.  The thiobarbiturates gave the greatest
deereases  in contraction while  the  oxybar-
biturates produced smaller changes.

According to Sirnes, barbiturates cause an
initial stimulatory effeet followed by depres-
sion in partially curarized muscle.®  This phe-
nomenon was not demonstrated by any of the
barbiturates we  have studied.  Only  thial-
barbitone sodium showed antagonism of the
d-tubocurarine block and there was no subse-
quent depression of muscle contraction. The
other barbiturates produced  only additional
blockade,

Cyclopropane has been reported to increase
contraction of indirectly stimulated muscle.*
This obscrvation was confirmed.
produced an additional increase.

Barbiturates produced no increase in con-

Thiopental

traction of the dircetly  stimulated  muscle.
These results obtained  with chronically  de-
nervated musele do not confirm those reported

Lar. Apr. 1960

The failure of
barbiturates to augment muscle  contractions
with dircet stimulation in contrast to this effect

for isoluted preparations.® #

observed during indirect stimulation, scems to
indicate action of the drugs at the neuro-
muscular junction rather than on muscle fibers.
Barbiturates are one of the few classes of
compounds that cither stimulate or depress the
neuromuscular junction. It is evident that the
type of response produced by barbiturates at
this site is dependent upon frequencey of stim-
ulation.  Obviously none of the parameters of
stimulation used in most animal experiments
are “physiological”; their action on the neuro-
nmuscular junction in man remains unknown,

Suataany

This study demonstrates that  barbiturates
vary in their effeets on muscle contraction.
Evidence has been preseuted that the site of
action is the neuromuscular junction,  The
frequency of stimulation determined whether
cnliancement or depression of musele contrace-
tion was produced.
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