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Neuromuscular 
blocking action of 
verapamil in cats 

The effects of the calcium (stow) channel blocker verap- 
atoll, on non-cardiac excitable membranes were exam- 
ined in vivo. In barbiturate anaesthetized cats. the effect 
of intravenously administered verapamil (0.t, 0.2, and 
0.4 rag" kg -t) on isometric twitch amplitude of the flexor 
carpi radialis muscle, elicited by indirect and direct 

electrical stimulation, was determined. At all doses 
tested, veraparait significantly reduced muscle twitch 
amplitude from control values. The effect of dosage on 
twitch reduction was far more pronounced for indirect 
than direct stimulation. Full recovery to control was 
observed by 90 minutes only with the lowest dose 

(0.1 mg.kg -J IV). Reduction of twitch amplitude (direct 

and indirect) lasted the duration of the experiment (180 
minutes) for the two higher doses of verapamil. No 
significant changes in blood pressure, cardiac rate or 
rhythm were observed. The specific site and mechanism 
of verapamil's neuromuscular blocking action remains 
unclear. In clinical situations where potent inhalation 
agents, adj~mcts or neuromuscular blocking agents may 
be used, therapeutic doses of verapamtl may interact to 
promote muscle weakness. 
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The pharmacologic properties of the calcium 
(slow) channel blocking agent, verapamil, has 
made it useful in the treatment of recurrent supra- 
ventricular arrhythmias in man. t-3 Verapami], a 
phenylacetonitrile, inhibits the ionic current carried 
through the slow channel by calcium and/or sodium 
ions. 3'4 Despite the wide spectrum of biological 
functions dependent on calciam ions, the pharma- 
cologic effects of  verapamil and other calcium 
(slow) channel blockers appears restricted to the 
cardiovascular system. 3,5 

In a qualitative study in cats, the intra-arterial 
administration of verapamil (100-400 Ixg) reduced 
direct and indirectly elicited muscle twitch ampli- 
tude. 6 In dogs, we correlated prolongation of the PR 
interval of the EKG with maximum depression of 
muscle twitch height following intravenous admin- 
istration of verapamil. 7 Clinically significant neu- 
romuscular blocking action of verapamil has not 
been reported to date. In view of  the fact that 
increasing numbers of patients in the pefioperative 
period will he treated with verapamil, s knowledge 
of its effects on noncardiovascular tissues may be of 
clinical importance. The following study was de- 
signed to investigate in cats the effects of intra- 
venously administered verapamil, in the therapeutic 
dose range recommended for man, on isometric 
muscle twitch amplitude. 

Methods 
Seventeen adult mongrel cats of either sex weighing 
2-3  kg were anaesthetized with sodium pentobar- 
bital (30 mg'kg -[ IV). Supplemental doses were 
given as needed. The animals were intubated with- 
out muscle relaxant and mechanically ventilated 
(FIO2 = 1.0) to maintain PaCO2 at 40 tom A cir- 
culating water blanket was used to maintain rectal 
temperature between 37-39 ~ C. The electrocardio- 
gram (Lead II) continuously recorded cardiac rate 
and rhythm. 

Cannulas were placed in a femoral artery for 
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TABLE l Effect of verapamil on indirect and direct muscle twitch amplitude. Mean ~ SEM (percent of control). 
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Time (minutes) 

Dose (mg'kg -t ) 0 15 30 60 90 t80  

Indirect Stimulation 
0.1 100 75,0 --- 1.7" 80.3 - 3.7 94.7 -+ 2.7 100 - -  
0.2 100 81.5-+6.4 80.0_+4.7 68.0_+6.4* 56.3-+15.6' 37.0"-37.0* 
0.4 100 87.4-+4.0 73.3+11.5 * 64.0-+8.7 * 34.3• 17.0-+11" 

Direct Stimulation 
0.1 100 75.3 -+ 3.2* 75.7 --+ 10.2" 86.7 -+ 5.8 93.3 "- 6.7 - -  
0.2 100 81.8---3.1 78.3• 79.5-+%2* 81.0 • 9.0 67.0---3.0" 
0.4 100 79.1 ---9.9 74.4---8.1" 63.9- + 13.2" 69.6---8.1" 61.8-+4.1" 

Pairwise differences between levels of dose, tested for significance by means of Tukey's HSD test. 
Cfitiefl difference set at a = 0.05; 24.9 for indirect and 20.4 for direct. 
* - significant at 0.05 level. 

inlra-arterial pressure monitoring and arterial blood 
sampling and in a femoral vein for intravenous fluid 
and drag administration. The blood pressure was 
continuously monitored, Each animal received ap- 
proximately 10 ml.kg t .h - t  of  0,9 per cent saline 
with 5 per cent glucose. 

The right forelimb of  each cat was used. The 
flexor carpi radialis muscle and its nerve were 
surgically exposed. Platinum wire electrodes were 
placed on the nerve for indirect electrical stimula- 
tion. Another set of  electrodes was placed in the 
muscle belly for direct electrical stimulation. The 
muscle was attached by suture to a Grass FI'03C 
force-displacement transducer. Isometric muscle 
twitch amplitude to direct and indirect stimulation 
was alternately recorded on a Hewlett-Packard 
7758-B polygraph recorder. Stimulation was in- 
duced supramaximally with a Grass $48 ~timulator 
at a rate of  one per second. The duration of the 
square wave stimuli was 0.2 msec for nerve and 2.0 
msec for muscle.  Viability o f  the preparation was 
tested in another group of cats (N = 3), which 
received saline injection. 

Three doses of  verapamil* were examined: 0.1 
(N = 3 cats), 0_2 (N = 4) and 0.4 (N = 7) mg-kg -I 
and were injected intravenously over a three-minute 
period with a constant infusion pump. The EKG and 
twitch height were recorded every five minutes up 
to 3(1 minutes after drug injections; then every 15 
minutes up to three hours. The experiment was 
terminated at three hours.  

*tsoptin, Knoll Pharmaceuticals, Whippany, New 
Jersey. 

Data are expressed as the mean  - SEM, and 
reported as percent of  control value (zero time). 
Data were subjected to split plot factorial analysis of 
variance. 9 Tukey ' s  HSD test was used to test 
pairwise differences of  verapamil induced changes 
at comparable t imes over the course of the experi- 
ment. Critical difference was set at c~ = 0.05. 
Significant difference between values was assumed 
when p < 0.05. A variable was considered to have 
returned to control level when the p value compared 
to control was greater than 0.05. 

Resul ts  
In the saline-treated control group of  cats, we 
observed no change in twitch amplitude or cardiac 
parameters (rate, rhythm, blood pressure) over the 
time course of  the experiment. Verapamil,  at each 
dose tested, significantly reduced isometric muscle 
twitch amplitude elicited by direct and indirect 
stimulation in cats after intravenous administration 
(Table I). The reduction of muscle twitch height 
following indirect and direct stimulation are graphi- 
cally presented in Figures IA and 1B respectively. 
Time of onset of  twitch reduction varied according 
to dose. A wide range of inter-animal response was 
observed. 

Indirectly and directly elicited twitch were sig- 
nificantly reduced at 15 minutes by 0.1 mg.kg  -t 
verapamil. Full recovery to control value occurred 
within 30 -60  minutes and was observed only with 
this dose. Significant reductions of amplitude from 
control did not occur until 30 to 60 minutes,  
depending on stimulation mode,  for the two higher 
doses o f  verapamii. Twitch height stabilized, at 
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FIGURE 1A and 1B Mean reductions in indirect and direct twitch height by intravenous verapamil in cats. Triangles, squares and 
circles represent responses to 0.1, 0.2 and 0.4 mg-kg -l, respectively, See Table I for statistical analysis, and SEM. 

greatly reduced levels, between 90 and 180 minutes 
for the two higher doses regardless of the stimula- 
tion mode. Reduction of amplitude lasted the 
duration of the experiment (180 minutes) for the 
two higher doses of verapamil. Although most of 
the reductions (indirect and direct) induced by the 
two higher doses of verapamil were each statisti- 
cally different from control between 30 and 180 
minutes, there was no significant difference be- 
tween them (p > 0.05) at these times. A P value > 
0.05 may represent a lack of statistical significance 
but not necessarily functional significance. 

No change in heart rate, rhythm or PR interval 
was observed, Statistically insignificant and transient 
0 - 2  minute) decreases in mean arterial pressure 
were observed following all three doses of verap- 
amil. Recovery to preinjection values occurred by 
five minutes in all groups, 

Discussion 
The results clearly demonstrate that verapamil, over 
the therapeutic dose range employed in man, 
significantly reduces muscle twitch amplitude in 
intact cats following direct and indirect electrical 
stimulation. Further, the recovery of twitch ampli- 
tude at higher doses was not observed in this study. 
The results confirm and extend our previously 
reported qualitative findings that verapamil pro- 
duced neuromuscular blockade after intra-arterial 
injection in cats without altering the cardiac rate, 
rhythm or conduction. 6 In dogs, however, intrave- 
nous verapamil produced a significant but recovera- 
ble reduction in muscle twitch height to indirect 
stimulation, the beginning of which was correlated 
to the onset of a PR interval increase. 7 Maximum 
reduction of twitch height corresponded to the 

maximum PR interval widening or onset of conduc- 
tion arrhythmias. The differences in neuromuscular 
and in cardiac effects may be related to differences 
in species studied. 

Indirect twitch height was reduced more than 
direct twitch suggesting that verapamil may act 
directly on the nerve. Inhibition of calcium flux by 
verapamil in low concentrations (10-6-10 -s M) has 
been convincingly demonstrated for cardiac and 
smooth vascular muscle. ]o-t3 Neurons are more 
resistant to the effects of calcium (slow) channel 
blockers. D-600 verapamil (the methoxy deriva- 
tive) substantially reduces the slow inward calcium 
current (slow channel) in squid axon without 
altering the potassium current, t4 Smgh  and Vaughn- 
Williams 15 found verapamil 1.6 times more effec- 
tive than procaine as a local anaesthetic. We 
reported that DL-verapamfl possessed dose-related 
and frequency-dependent fast channel (local anes- 
thetic) blocking activity in isolated rat sciatic 
nerves equivalent on a molar basis (5 mM) to 
procaine. 16 Although the concentrations of verap- 
amil which perfused the nerve in vivo were not 
known, a local anaesthetic action by verapanfil in 
the fine terminals of the motor nerve may explain 
the observed reductions in indirect twitch height. 
Van der Kloot and Kita  ]7 observed in crayfish 
muscle that increasing doses of verapamil increased 
the motor nerve stimulation threshold while de~ 
creasing the amplitude of excitatory junctional 
potentials. These findings are consistent with the 
known fast channel (local anaesthetic) blocking 
action of verapamil. 

Verapamil may exert its effect directly at the 
synaptic level of the neuromuscular junction. Pub- 
lieover and Duncan Is observed in vitro that verap- 



Kraynaek etaL: V E R A P A M I L :  N E U R O M U S C U L A R  B L O C K I N G  A C T I O N  245 

amil (10 -.4 M) abolished indirectly elicited muscle 
twitch in frog nerve-muscle preparations. Simi- 
larly, in rat phrenie nerve-diaphragm preparations, 
verapamil (0.06mM) inhibited indirect muscle 
twitch. ~9 In our laboratories, verapamil (5 mM) and 
pancuronium (0.07 mM) equally reduced indirect 
twitch amplitude in isolated bullfrog sciatic nerve- 
sartorius muscle preparations. However, a com- 
bination of these drugs significantly potentiated the 
reduction of twitch height to indirect stimulation. 2o 
The neuromuscular blocking action could result 
from a presynaptic action of verapamil. Verapamil 
may reduce calcium conductance of the presynaptic 
membrane, alter intracellular presynaptic calcium 
pooh;, cyclic AMP levels, or inhibit the membrane 
calcium pump. These actions may interfere with the 
mobilization of acetylcholine or its actual release. 

Alternatively, a post-junctional site of action 
could also be responsible. Verapamil (10 --4- 
10 4 M) blocks acetylcholinc-induced toad skeletal 
muscle contraction in vitro in a non-competitive 
manner. 21 In this report, d-tubocurare (10 -5 M), but 
not procaine (10-3M), inhibited the action of 
acetyleholine. Thus, it appears that verapamil, like 
curare, may also alter muscle end plate sensitivity to 
acetylcholine as well as inhibiting transmitter re- 
lease. The authors also observed that calcium 
significantly enhanced the inhibiting action of 
verapamil. 

Little direci evidence is available which supports 
the hypothetical pro or post-synaptie actions of 
verapamil. The amplitude of miniature end-plate 
potentials (MEPP) is changed by the sensitivity of 
the postsynaptic receptor (i.e., d-tubocurare); 
whereas the frequency of MEPP is influenced by 
agents (high potassium) affecting the presynaptic 
site. 22 For example, Nachshen and Blaustein 23 
reported that verapamil and D-600 verapamil did 
not reduce or block potassium-stimulated transmit- 
ter release (i.e., increased MEPP frequency) in the 
frog neuromuscular junction; whereas, manganese 
by blocking calcium (slow) channels did. Others Is 
have reported dose related differential presynaptic 
effects on neurotransmitter release with no ob- 
served post-junctional effects. 17'1s The inference 
that verapamil acts on synaptic membranes must 
await more definitive lines of evidence. 

The interaction of time and dose in this study is 
interesting. Two separate pharmacodynamic phe- 
nomena are apparent. First, the reversible and rapid 
depression of twitch height was observed only with 

the lowest dose (0.1 mg-kg -l) of verapamil. This 
immediate effect may be directly related to onset of 
the peak tissue levels of verapamil. High lipid 
affinity of verapamil and its reported distribution 
values 24 suggest that the drug would be distributed 
preferentially in membrane structures. 25 Bondi 2~ 
observed that reversal of twitch depression by 
washing was slow in vitro, and impossible if 
washout was not started immediately. We observed 
similar effects in our in vitro studies on nerves t6 and 
nerve-muscle preparations. 2~ Keefe and Kates 26 
have reported that verapamil accumulates to levels 
in the myocardium which are six-fold greater than 
the plasma concentration and this ratio remains 
constant with time. Verapamil rapidly accumulates 
in high concentrations in tissues and these levels are 
maintained for significant periods. 

The second phenomenon is characterized by 
irreversible depression of slow onset. The two 
higher doses of verapamil had no significant effects 
until 30 to 60 minutes after administration, after 
which no recovery was observed. The maximum 
reduction of twitch height did not occur until 90 to 
180 minutes after injection. Reduction of neuro- 
muscular transmission is observed at a time when 
serum levels should be decreasing. 

Recent reports have demonstrated significant 
delay in correlation between peak verapamil effect 
and plasma concentration. Hysteresis analysis fol- 
lowing intravenous administration shows that PR 
interval prolongation correlates with plasma verap- 
amil concentrations only after a 15-30-minute lag 
period. 27 Kapur and Flaeke also reported differ- 
enees in effects of verapamil which could not be 
explained by the reported pharmacokinetics of the 
drug. Antiarrhythmic effects were observed in dogs 
after previously depressed haemodynamic func- 
tions had returned to normal and verapamil levels 
could be expected to be low. The evidence 
suggests that deficiencies exist in our understanding 
of the pharmacodynamies and kinetics of verap- 
atoll. Finally, active metabolitcs like norverapamil 
or others may accumulate to high levels over a 
prolonged period of time and may contribute 
significant pharmacologic activity. ~s'29 These 
mechanisms, either singly or in combination, may 
be responsible for the immediate and delayed block 
observed in cats. 

We have demonstrated significant neuromus- 
cular blocking action of verapamil in cats. The 
evidence suggestz that the effects of verapamil on 



246 C A N A D I A N  A N A E S T H E T I S T S '  SOCIETY J O U R N A L  

excitable membranes and synapses may be quite 
complex. Verapamil possesses other pharmacolog- 
ic properties not related to calcium (slow) channel 
blockers and may alter noncardiovascular mem- 
branes. Verapamil is neither a selective nor specific 
calcium (slow) channel blocker. The dual inhibition 
of fast and slow channel activity, as well as 
interference with neuromuscular transmission may 
account for these findings. Clinically significant 
neuromuscular blocking action by verapamil has 
not been reported to date. Based on the fact that 
many drugs used during the administration of an 
anaesthetic may induce muscle weakness, these 
findings may have direct clinical application. Po- 
tential interactions with verapamil by potent inhala- 
tion agents, antibiotics, neuromuscular blockers 
and other drugs that possess neuromuscular block- 
ing action must be anticipated. Until appropriate 
clinical studies confirm or deny these possibilities, 
we suggest that anaesthesiologists anticipate and 
exert caution in such situations. 
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R~sum~ 
On a observ~ les effets du v~rapamil, un agent bloquant 

de calcium (voie lente) sur des membranes non car- 
diaques in vivo. Chez des chats anesthesias avec du 

barbiturate, on a v~rifi~ ks effets du v~rapamil administr~ 
par vole intraveineuse (0.1, 0.2 et 0.4 mg.kg -~) sur [a 

phase isomdtrique de la contraction du muscle grand 

patmaire provoqu~ par stimulation ~lectrique directe et 

indirecte. A toutes les doses v~rifides, le v~rapamil 
rr significativement l'amplitude des contractions 

musculaires par rapport aux valeurs de contrfle. L'effet 
du dasage sur la rdduction de contractions ~tait beaucoup 
plus prononc~ avec la stimulation indirecte que directe. 
La rdcupdration au niveau du contr6le a ~td observ#e 

aprds 90 minutes seu[ement avecla dose la plus baa~'e 
(0.1 mg'kg -~ L V.). La rdduction de contractions (directe 

ou indirecte) dura tout le temps de l'exp~rience (180 

minutes) pour les deux doses plus ~lev~es de v#rapamil. 
On n'observa pas de changements significatifs de pres- 
sion arMriette, de rhythme ni de d~bit cardiaque. 

L 'endroit spdcifique et le m#canisme d' action du vdrapa- 
rail comme agent bloquant neuromuseulaire ne sont pas 

~claircis. En situation clinique of* des agents uctifs 
d'inhalation, des traitements d'appoint et des agents 
bloquants neuromusculaires sont administris, des doses 
th#rapeutiques de v~.rapamil peuvent interagir afin d" ac- 
river la faiblesse des muscles. 


