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Abstract 
Verapamil at the concentrations ranging from 0.01 -0.08 mM produced a dose-related t1Vitcl1 

depression in isolated rat pllrenic nerve-hemidiapllragm preparations. The maximum effective 
concentration \Vas 0.05 mM which produced 76 percent depression. Neurally evoked twitch 1Vas 
affected more significantly than directly evoked one. Verapamil at a concentration of 0.04 mM 
significantly synergized the in vitro neuromuscular blocking effect of pancuronium (0.001 mM) and 
of s11ccinylc/Joline (0.001 mM). Verapamil (0.05 mM) inhibited t1Vitch potentiation produced by 2.6 
mM caffeine in curarized rat diaphragm preparations. This drug also abolished acetylclloline-induced 
contracture in denervated rat gastrocnemius preparations. It 1Vas also found that calcium exerts only 
a partial antagonistic effect on the neuromuscular blockade produced by verapamil in vitro. The 

· effects of verapamil on skeletal muscle contractile responses in rats and its possible sites of action 
are discussed. 

Introduction 
The effect of verapamil on neuro­

muscular transmission has not been well 
established. Chiarandini and Bentley (1) 
suggested that verapamil has a neuromuscular 
blocking effect. In 1982, Standaert suggested 

that Ca+ + enters motor nerve terminal via 
special proteins forming channels through the 
nerve membrane (2). The twitch depression of 
verapamil on the twitch height of gastrocnemius 
muscle in indirect stimulation in dog was 
reported by Lawson, Kraynack, and Gintautas 
(3). Pang and Sperelakis (4) had found that the 
slow action potential disappears in the muscle 
fiber that T-tube system has been destroyed, this 
indicates that calcium channel is located in 

the T-tubule system. They also found that 
verapamil readily entered and accumulated 
inside myocardial cell, smooth muscle cell, and 
skeletal muscle. 

Verapamil synergized the neuromuscular 
blocking effect produced by vecuronium in 
patient under general anesthesia. In 1985, 
Silinsky (5) suggested that the depolarization of 
the nerve terminal opens calcium channel at 
localized regions in the nerve ending. In this 
study, neuromuscular effect of verapamil 
will be investigated in both qualitative and 
quantitative analysis. 

The purpose of this study is to elucidate 
the pharm_acological activities of verapamil on 
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myoneural junction, motor nerve, and skeletal 
muscle . The interaction of verapamil with 
standard neuromuscular blocking agents and 
some related compounds will be investigated in 
order to evaluate its effects on contractile 
responses and its possible mechanisms. 

Methods 
The experimental animals used in 

this investigation were adult albino rats of 
Sprague-Dawley strain, weighing about 150-250 
grams of both sexes. The animals were supplied 
by the animal center of the Faculty of Medicine, 
Chiang Mai University. 

The isolated rat phrenic nerve-hemi­
diaphragm preparation was set up to study the 
effect of verapamil on contractile responses, 
interaction with some neuromuscular blocking 
drugs and related compounds. 

The rat sciatic nerve gastrocnemius muscle 
was set up to record the contractile response 
in situ for the study of the interaction of 
verapamil and acetylcholine (ACh) contracture 
in denervated gastrocnemius muscle preparation, 
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and the effect of verapamil on the neuromuscular 
blocking effect of drugs . 

All of the techniques used in this study 
were modified by the author (6). 

Results 
The Effect of Verapamil on Neurally and Directly 
Evoked Twitches 

Verapamil in the doses of 0.01 -1 mg/ kg 
was injected intra-arterially into albino rats. A 
slight depressive effect on muscle contractile 
responses was observed. In isolated rat phrenic 
nerve-hemidiaphragm preparation, verapa mil 
(0.01-0.08 mM) produced a dose-rela ted 
twitch depression. The maximum effective 
concentration was 0.05 mM which produced 76 
percent twitch depression. The percent twitch 
depression produced by verapamil on both 
neurally and directly evoked twitches was 
compared. It was found that the twitch 
depression of neurally evoked twitch was 
significantly greater than that of directly evoked 
twitch (p < 0.05) as shown in Table I. 

Table 1 Comparison of the percent twitch depression of verapamil in neurally and directly evoked twitches in rat phrcnic 
ner vc-hcmidiaph ragrn preparations 

Drug Concentration 
(mM) 

Verapamil 0.04 
0.05 
0.06 
0 .08 

*mean ± SEM ; **p< 0 .001 

The Interaction of Verapamil and Neuromuscular 
Blocking Agents 

Pancuronium was selected as a represen­
ta tive of the non-depolarized neuromuscula r 
blocking agents. In this study, verapamil 0.04 
mM followed by pancuronium 0.001 mM were 
added into the t issue bath, a nd the amplitude 
o f cont rac tile response was observed. It was 

Percent twitch depression* 
neurally evoked directly evoked 

39.4 ± 8.0 14.4 ± 4 
76.6 ± 7. 1 ** 24 .7 ±7 
74.5 ± 13.8 38.0 ± 9 
64.8 ± 5.0 54.1 ± 12 

found tha t pancuronium did not show any 
definite depressive effect on neurally evo ked 
twitch. Verapa rnil (0.04 mM) produced only 39 
percent twitch depression. In . presence of 
pancuronium, the same concent ra tion of 
verapamil caused significant decrease in twitch 
contractile responses (p<0.005) as shown 111 

T able 2. 
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T able 2 The synergistic effect of verapamil (0.04 mM) o n the neurally evoked twitch depression produced by pancuronium 

(0.001 mM) in vitro 

Number Percent twitch depression produced by 
of 

experiment Pancuronium Verapamil Pancuronium + Verapamil 

3.2 3.2 JOO 

2 0 0 100 

3 0 36.6 100 

4 0 48.0 100 

5 0 63.0 100 

mean ± SEM 0.6 ± 0.6 30.2 ± 12.4 100 ± 0 

Note: Verapamil significantly synergized the neuromuscular blocking effect of pancuronium in vitro 

(p < 0.005) . 

Table 3 T he synergistic e ffect of verapamil (0.04 mM) on the neurally evoked twitch depression produced by succinylcholine 

(0.001 mM) in vitro 

Number 

of 
experiment 

Percent twitch depression produced by 

Succinylcholine Vera pa mil Succinylcholine + Verapamil 

I 
2 
3 
4 
5 

0 

33 
0 
0 
0 

3.2 JOO 

0 100 

44.Q 65 
71.5 JOO 
48.0 JOO 

mean ± SEM 6.6 ± 6.6 33 .3 ± 13.8 93 ± 7.0 

The depola rized neuromuscula r blocking 
drug used in this experiment was succinylcholine. 
Succinylcholine (0.001 mM) produced a slight 

decrease in muscle twit ch . In the presence 
o f vcrapamil (0.04 mM) the percent twitch 

depression was increased lo 93 percent as 
demonstrated in T a ble 3 . 

From this study, ii was found that 
vera pamil significantly (p < 0.05) synergized 

the twitch depression produced by both 
neuromuscular blocking agents, pancuroni um 
a nd succinylcho line . 

Verapamil a lso produced a synerg1st1c 
e ffect with pancuronium and succinylcho line in 
rat sciatic nerve gastrocnemius prepa rations in 
situ. Besides th is, verapamil showed synergistic 
effect with hemicholinium in isolated rat 
phrcnic nervc-hemidiaphragm preparation. 

The Influence of Calcium 011 the Effect of 
Vera pa mil on Muscle Contractile Response 

Calcium plays an importa nt ro le in the 
release o f ACh from moto r nerve ending. In 

this study, calcium chlo ride could a ntagonize 
neuromuscular blockade produced by calcium 
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Figure l The time-action relationship of calcium chloride on the 500/o twitch depression prod1Jced by verapamil (0.05 mM) 
in rat phrenic nerve-hemidiaphragm preparations. -

deficiency condition, and at the same 
concentration it could antagonize 50 percent 
twitch depression produced by verapamil as 
illustrated in Figure l . Calcium exerts only a 
partial antagonistic effect on the neuromuscular 
blockade produced by verapamil in in vitro 
study. 

The Influence of Verapamil on the Effect of 
Caffeine 

In 1954, Huidobro and Amenbar (7) 
reported that caffeine increased the twitch 
tension of indirectly stimulated muscle in cats. 
In this study, caffeine at the concentration of 
2.6 mM produced a slight twitch potentiation 
in both neurally and directly evoked contractile 
reponses. The percent twitch potentiation 
produced by caffeine in neurally evoked twitch 
was not significantly different from that of 
directly evoked twitch in in vitro nerve-muscle 

preparations (unpublished observations). At 50 

percent twitch depression produc~d by 0.05 mM 
verapamil, caffeine could not increase the twitch 
amplitude of the neurally evoked twitch. 

In directly curarized nerve-muscle 
preparations, caffeine produced twitch 
potentiation. The peak potentiation was 
33 percent as shown in Table 4. The peak 
potentiation produced by caffeine in presence 
of verapamil was significantly less than that 
of caffeine alone (p < 0.001). This result 
showed the inhibition of verapamil on twitch 
potentiation produced by caffeine. It was 
proposed that verapamil directly suppressed the 
skeleta l muscle contractile response. 

The Effect of V crapamil on Acctylcholine­
Contracture in Dcncrvatcd Rat Gastrocnemius 
Preparations 

Acetylcholine-contracture produced in 
chronically denervated rat gastrocnemius 
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Table 4 The effect of verapamil (0.05 mM) on the twitch potentiation produced by caffeine (2.6 mM) in curarized rat 

hemicliaphragm preparations 

Number 
of 

Experiment 

Percent of peak potentiation produced by 

2 
3 
4 
5 

mean ± SEM 

Caffeine 

36.6 
38.5 
46.2 
25.0 
20.0 

33.2 ± 4.7 

*p < 0.01 compared with caffeine alone. 

Caffeine + Verapamil 

23.8 
0 

15.4 
17.2 
11.5 

13.6 ± 3.9* 

Table 5 The effect of verapamil (0.5 mg/ kg) on acetylcholine-cqntracturc in dcncrvated rat gastrocncmius preparations 

Number 
of 

experiment 

Tension in gram of ACh - contracture Percent 
decreased 

from control Control 

I 1.6 
2 2.8 
3 2.4 
4 1.4 
5 1.3 

mean ± SEM 1.9 ± 0.2 

*p < 0.005 compared with control. 

preparation is the sensitive method to determine 
whether the site of neuromuscular blocking 
action is postsynaptic or motor endplates (8). 
Acetylcholine was injected intra-arterially into 
denervated rats at a dose of 0.6 mg/kg, and the 
contracture was obviously observed. It was 
found that the tension (in gram) of ACh­
contracture at 15 minutes after verapamil (0.5 
mg/kg) was significantly less than that of ACh 
alone (p< 0.005). Thus veraparnil abolished the 
amplitude of ACh-contracture as shown in 
Table 5. 

15 min after -
verapamil 

0.6 
0.4 
0 

0.4 
0.4 

0.4 ± 0.05* 

62.5 
85.7 
100.0 
71.4 
69.2 

From this study, verapamil could produce 

a complete neuromuscular blockade in rat 
phrenic nerve-hemidiaphragm preparation. The 
drug suppressed ACh-contracture, and also 
blocked both neurally and directly curarized 
PTP (unpublished observations). Verapamil 
could inhibit the twitch potential ion of caffeine 
in curarized rat diaphragm preparation. Thus, 
verapamil may possibly have two main sites of 
action : neuromuscular junction and skeletal 

muscle. 
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Discussion 
Verapamil produced a dose-related 

depression on neurally and directly evoked 
twitches in rat phrenic nerve-hemidiaphragm 
preparations. The twitch amplitude of neurally 
evoked twitch was significantly depressed more 
than that of directly evoked twitch. It seemed 
that the site of depressive effect of verapamil 
was myoneural junction, and probably at the 
muscle itself. 

The mechanism of ACh release from 
motor nerve terminal is calcium-dependent 
process (2). An increase in extracellular calcium 
concentrations should increase the amounts of 
ACh released per stimulation (5). In this 
investigation, the increase in extracellular 
calcium could ·partially antagonize 50 percent 
twitch depression produced by verapamil. It 
might. be expected that verapamil somehow 
exerts its effect on the release of ACh. 

In this study, the increase in extracellular 
calcium could not antag~nize the twitch 
depression of verapamil. It seemed likely that 
the depressive effect of verapamil could not be 
antagonized by the increasing amounts of 
ACh at myoneural junction. Duran and his 
coworkers (9) suggested that verapamil could 
exert its effect on this synapse by observing 
the synergistic effect of pancuronium or 
succinylcholine on verapamil. In this study, 
it was found that verapamil synergized the 
blocking effect produced by succinylcholine, 
pancuronium, and hemicholinium in both in 
vitro and in vivo preparations. 

The neural post-tetanic potentiation 
{PTP} is a presynaptic phenomenon which have 
been stated for its mechanisms as the increase 
of ACh released per stimulation immediately 
after the termination of tetanic shock applying 
to the motor nerve (10). In this study, verapamil 
abolished neural PTP. Kraynack (11) proposed 
that the possible actions of verapamil at 
presynaptic site of neuromuscular junction were 
probably due to the reduction of calcium 
conductance at the presynaptic membrane, 
changing cyclic-AMP level or inhibiting 
membrane calcium pump into motor nerve 
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terminal. These actions may interfere the 
mobilization of ACh or its actual release. 

The postsynaptic evidence of neuromuscular 
blocking effect caused by verapamil was 
investigated in chronically denervated rat muscle 
preparations. Axelsson and Thesleff (8) proposed 
the sensitive method to determine postsynaptic 
neuromuscular blocking action by studying the 
effect of drug on muscle contraction produced 
by closed intra-arterial injection of ACh. They 
also reported that there was a supersensitivity 
of the motor endplate in chronically denervated 
muscle which was due to spreading of the area 
where cholinergic receptor existed. 

In this study, verapamil significantly 
abolished the amplitude of ACh-produced 
contracture in chronically denervated rat 
muscle. This indicated that the drug possibly 
possesses postsynaptic action. The mechanism 
of action would be that the drug altered the 
sensitivity of the endplate membrane to 
exogenous ACh, but whether this drug alters the 
receptor is still unknown. 

From this study, it would be proposed that 
verapamil possibly exerted its depressive effect 
on neuromuscular transmission by influencing 
Ca + + mobilization at motor nerve terminal. 
Another consideration that the postsynaptic 
effect of verapamil probably decreased endplate 
sensitivity to ACh should not be overlooked . 

Verapamil was found to decrease the 
amplitude of directly evoked twitch in curarized 
nerve-muscle preparations. This indicated the 
direct action of verapamil on skeletal muscle. 
It is known that the xanthine derivative, 
caffeine, affects skeletal muscle contractile 
response (12). Sato and colleagues (13) 
postulated that caffeine produced twitch 
potentiation on skeletal muscle by presynaptic 
and intracellular actions. In this investigation, 
caffeine caused an increase in amplitude of both 
directly and neurally evoked contractile 
responses. The mechanism of action of caffeine 
on skeletal muscle cells has been proposed to 
stimulate sarcoplasmic reticulum, and 
probably the coupling mechanism between the 
transverse tubular system and terminal cystern 
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is activated leading to the release of a large 
amount of calcium into myoplasm as reported 
by Sato et al. (13). Caffeine could also induce 
contracture by releasing calcium from storage 
site. Goldberg and Singer (14) proposed' that 
caffeine increased the twitch tension in neurally 
evoked muscle by increasing ACh release from 
motor nerve terminal. 

In this investigation, verapamil could 
inhibit twitch potentiation produced by caffeine 
in directly evoked curarized diaphragm 
preparations. The drug also suppressed the 
direct-stimulated muscle PTP in the nerve­
muscle preparation. In this aspect, it would 
be proposed that the drug could inhibit 
intracellular calcium ion binding sites such as 
troponin C or interfere calcium release from 
storage site. 

It could be proposed that verapamil 
inhibited some amount of calcium released from 
sarcoplasmic reticulum during stimulation the 
process of removal residual calcium from 
myoplasm to longitudinal or terminal cystern 
in skeletal muscle. 

It would be concluded that verapamil 
inhibit myoneural junction probably by 
affecting l) motor nerve terminal 2) motor 
endplate 3) skeletal muscle. The primary site of 
action was proposed to be postsynaptic or 
endplate. However, the presynaptic action 
of verapamil in interfering with calcium 
mobilization into motor nerve terminal should 
not be disregarded. The proposed meclianisms 
of action of verapamil at skeletal muscle were 
1) reduction of motor endplate sensitivity to 
ACh and 2) interfering with calcium-dependent 
excitation-contraction coupling in releasing 
process. 

Acknowledgement 
The authors \vould like to thank Knoll 

AG. Ludwig Hafen, West Germany and Pacific 

17 

Investment (Thailand) Ltd. for the supply of 
verapamil in this study. 

References 
1. Chiarandini DJ, Bentley P J. The effects of verapamil 

on metabolism and contractility of the toad skeletal 
muscle. J Pharmacol Exp Ther 1973;186:52-9 

2, Standaert FG. Release of transmitter at the 

neuromuscular junction. Br J Anaesth 1982;54: 

131-45. 
3. Lawson NW, Kraynack BJ, Gintautas J. Neuromuscular 

and electrocardiographic responses to verapamil in 
dogs. Anesth Analg 1983;62:50-4. 

4. Pang DC, Sperelakis N. Uptake of calcium antagonistic 

drugs into muscles as related to their lipid solubilities. 
Biochem Pharmacol 1984;33:821-6. 

5. Silinsky EM. The biophysical pharmacology of 

calcium-dependent acetylocholine secretion. Pharmacol 
Rev 1985;37:81-132. 

6. Apisariyakul A. Neuromuscular pharmacology. 

Chiang Mai : Department of Pharmacology, Faculty 
of Medicine, C hiang Mai University, 1984. 

7. Huidobro F, Amenbar E. Effectiveness of caffeine 

(1,3,7 trimethylxanthine) against fatigue. J Pharmacol 

Exp Ther 1945;84:82-9. 
8. Axelsson J, Thesleff S. A study on supersensitivity in 

denervated mammalian skeletal muscle. J Physiol 

1959;145 :48P-9P. 
9. Duran NN, NguYen N, Briscoe JR, Katz RL. 

Potentiation of pancuronium and succinylcholine by 

verapamil. Anesthesiology 1982;57 Suppl : A267. 
10. Liley AW. The quanta! components of the mammalian 

end-plate potential. J Physiol 1956; 133:571-87. 
11 . Kraynack BJ. Calcium channel blocking agents. Side 

effect and drug interact ion. 34th Annual refresher 
course lecture and clinica l update program, 
ASA, 19.83.. 

12 . Rall TW. Central nervous system stimulants 
(continued). In : Gilman AG, Goodman LS, Rall 

TW, Murad F, eds. The pharmacological basis of 

therapeutics. 7th ed. New York : Macmillan 
Publishing, 1985;589-603. 

13. Sato T, Aoyarna T, Ono H . Mechanisms o f slow 

conlract~re induced by potassium and caffeine in skeletal 
muscle of the dog. Jpn J Pharmacol 1984;34: 147-52. 

14. Goldberg AL, Singer JJ .. Evidence for a role of cyclic 

AMP in neuromuscula r transmission. Proc Natl Acad 
Sci 1969;64: 134-41. 


