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Interaction between 
succinylcholine and 
cimetidine in rats Yogendra Mishra M Pharm, Iqbal Ramzan PhD 

The hypothesis that histamine H a receptor blockade adversely 

affects neuromuscular function was tested, in vivo, in rats 

anaesthetised with urethane during mechanical pulmonary 

ventilation. Succinylcholine was administered as a bolus and 

constant-rate infusion to maintain 49.2% (__+1.5 SEM) twitch 

suppression in 19 rats. Cimetidine iv, 3.2, Z5, 10, IZ8,  23. 7, 

31.6, or 56.2 mg "kg -I was then administered in groups of  two 

to three rats. Cimetidine produced an immediate potentiation of  

twitch suppression followed by a transient reversal and then a 

continued potentiation. Peak potentiation occurred within 19.0 

(.-+2.7) sec and was maintained in 11 rats at steady-state. Re- 

versal was evident 4.1 (-+0.4) rain after cimetidine adminis- 

tration. There was a good relationship between peak potentiation 

and serum cimetidine concentration with 50% potentiation 

occurring at 46. 5 (-+4. 6) Izg �9 ml -l. Potentiation at steady-state 

was not correlated to serum cimetidine concentration but there 

was a weak relationship between reversal and serum cimetidine 

concentration. These results support reports from patients of  an 

interaction between cimetidine and succinylcholine. 

L 'hypothbse voulant que le blocage de rdcepteurs histaminiques 

de type H 2 affecte la fonction neuromusculaire a ~t# v~rifi~e in 
vivo sur des rats anesthdsids avec de l'urdthane et ventilds 

artificiellement. Chez 19 rats, un bolus de succinylcholine suivi 
d'une perfusion constante ont ~td administr~s de fa fon ?t main- 

tenir une d~pression du ~ twitch ,~ de 49, 2% (-+1, 5 SEM). Chez 

des groupes deux ou trois rats, de la cim~tidine a alors ~t~ ad- 

ministr~e par voie intraveineuse h raison de 3,2, 7,5, 10, 17,8, 

23,7, 31,6, ou 56,2 mg "kg -t. La cim~tidine a produit une 
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potentialisation immediate de la d~pression du ~ twitch ~ suivie 

d'une rdcup~ration transitoire puis d'une potentialisation 

soutenue. La potentialisation maximale est survenue en 19,0 

(--+2, 7) sec et s ' est maintenue ~ un niveau stable chez 11 rats. La 

r~cup~ration dtait #vidente 4,1 (+.-0,4) min apr~s l'administra- 

tion de cim~tidine. II y avait une bonne relation entre la po- 

tentialisation maximale et la concentration s~rique de cim~tidine 

avec une potentialisation de 50% survenant ~ 46,5 (-+4,6) 

I~g "ml -t. Le degrd de potentialisation soutenue ?, un niveau 

stable n'~tait pas corrdlatif ?t la concentration sdrique de 

cimdtidine mais il y avait une faible relation entre la r#cupdra- 
tion et la concentration s~rique de cim~tidine. Ces rdsultats 

supportent les rapports d'une interaction entre la cimdtidine et 

la succinylcholine chez les humains. 

There are widespread indications for the use of H 2 receptor 
antagonists in anaesthetic practice. These agents are used 
routinely to increase pH and decrease the volume of 
gastric contents before induction of anaesthesia.~ Also, it 
has been suggested that H 2 (and H~) antagonists be used to 
prevent cardiovascular changes occurring during the 
administration of drugs which release histamine, e.g., 
certain neuromuscular blockers. 2 

Cimetidine, the prototypic H 2 antagonist, has been the 
most commonly used agent as premedication to reduce 
aspiration pneumonitis. 3 For this purpose, cimetidine, 150 
to 300 mg is administered the night before surgery and 
one to two hours before induction of anaesthesia. Since 
cimetidine exhibits diverse cholinergic effects including an 
anti-cholinesterase and a neuromuscular blocking effect, 4 
there is the potential for interaction between cimetidine 
and the neuromuscular blocking drugs administered to 
facilitate intubation and to maintain muscle relaxation 
during surgery. The effect of cimetidine on the action of 
the depolarizing (non-competitive) neuromuscular blocker, 
succinylcholine, has not attracted detailed systematic 
attention but one study has shown that cimetidine prolongs 
the duration of action of this neuromuscular blocker) 
However, two other studies, also in patients, did not reveal 
any changes in the duration of action of succinylcholine in 
the presence of cimetidine. 6'7 Therefore, the present study 
was designed to examine the potential interaction between 
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succinylcholine and cimetidine and to test the hypothesis 
that H 2 receptor blockade with cimetidine adversely affects 
neuromuscular function during anaesthesia. 

Methods 

cinylcholine was discontinued to record the spontaneous 
recovery of the muscle twitch response. In another four 
rats, either 10 or 100 mg.  kg -t cimetidine was given iv but 
without any previous succinylcholine to determine whether 
cimetidine alone altered neuromuscular transmission. 

Anaesthesia and surgical preparation 
The protocol was reviewed and approved by the Animal 
Care and Use Committee of The University of Sydney. 
Twenty-three male Sprague-Dawley rats (University of 
Sydney Animal Services) weighing 304-556 g were used. 
Anaesthesia was induced with diethyl ether and main- 
tained throughout the experiment with iv urethane, 1.25 
g .  kg -I in total, given as six divided doses during the 
surgical preparation of the animal. Rectal temperature was 
servo-controlled to about 38 ~ C with a heated surgical 
table and a heat lamp. 

The surgical preparation consisted of cannulation of 
both jugular veins and a carotid artery. The fight jugular 
vein was for administration of urethane and cimetidine 
and the left for the administration of the neuromuscular 
blocker. Blood samples for drug assay were obtained from 
the carotid artery cannula. Following the vascular can- 
nulations, a tracheostomy was performed and the lungs 
were ventilated mechanically with room air. A sciatic 
nerve in the thigh was then isolated and stimulated electri- 
cally using supramaximal stimuli of 2 volts with a duration 
of 0.2 msec at a frequency of 0.1 Hz. The mechanical 
twitch response of the isolated tibialis anterior muscle was 
then measured using a force-displacement transducer and 
a polygraph recorder. 

Experimental protocol 
The preparation was allowed to stabilize for 15 min during 
which baseline twitch measurements were performed. 
Succinylcholine was then administered as an iv bolus of 1 
mg.  kg -I, followed by an infusion at approximately 50 
Ixg" kg -l" min -I and titrated to maintain approximately 
50% suppression of the baseline twitch response. The 
concentration of the drug in the infusion solution was such 
as to allow infusion of about 1.5 ml ofinfusate every hour. 
After a further 20 min of stabilization, cimetidine iv was 
administered into groups of two to three rats in a random 
order in doses of 3.2, 7.5, 10, 17.8, 23.7, 31.6 or 56.2 
mg.  kg -1. The selected doses were considered to be 
sufficient to show either zero or maximum effect and were 
chosen based on the concept of equally spaced log doses, s 
Two blood samples, 0.35 ml, were withdrawn, one as 
close as possible to the time of the peak potentiation by 
cimetidine and the other when the potentiation by 
cimetidine had stabilized. After the observation of the 
entire cholinergic effect of cimetidine, approximately 
20--25 min after cimetidine dosing, the infusion of suc- 

Measurements and calculations 
Cimetidine serum concentrations were determined using 
a modification (protein precipitation rather than liquid 
extraction) of a published reversed phase liquid chro- 
matographic procedure. 9 The coefficient of variation of the 
assay was 3.3 and 0.7% at 5 and 150 Ixg" ml -~ respect- 
ively. 

Cimetidine potentiation and reversal of succinylcholine- 
induced suppression of the twitch response was calculated 
a s :  

Potentiation 
of twitch 

suppression = 
(%E) 

and 

Reversal 
of twitch 

suppression = 
(%E) 

Post-cimetidine 
Pre-cimetidine _ twitch height (at 
twitch height peak or plateau 

potentiation) 

Pre-cimetidine twitch height 

Post-cimetidine Pre-cimetidine 
- paralysis 

paralysis (at reversal) 

Pre-cimetidine paralysis 

x I 0 0  

X I00 

These effects (either peak or plateau potentiation or 
reversal) were related to either the cimetidine dose admin- 
istered or the cimetidine serum concentration measured 
using either a linear, log-linear, an Ema x or a sigmoid Ema x 
(Hill) equation t~ using the personal computer based non- 
linear regression program PCNONLIN (Version 3.0, SCI 
Software, USA). For the reversal effect-serum concentra- 
tion relationship this could only be done by use of the 
cimetidine concentration taken at peak potentiation since 
no concentrations were available at peak reversal. F-ratio 
tests were used to examine if the relationship between 
cimetidine's effect(s) and its serum concentration was 
statistically significant, realizing that this is not an entirely 

unbiased procedure when used with nonlinear equations, i i 
The appropriate equation that best described the effect of 
cimetidine was chosen by use of the F-ratio test, the 
Akaike Information Criteria, the Schwarz test and the Ip 
parameter. 12 P < 0.05 was considered statistically signifi- 
cant for the linear equations but an exact significance 
value was not computed for the nonlinear equations. II 
All data are presented as mean ___ SEM. 

Results 
Succinylcholine mean (___ SEM) infusion rate of 37.5 ~ 2.3 
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FIGURE I Muscle twitch recording in three rats illustrating the varied effects of iv cimetidine. 1 = baseline steady-state twitch suppression, 
2 = peak potentiation, 3 = transient reversal, 4 = steady-state potentiation. At the first arrow cimetidine was administered and the succinylcholine 
infusion was discontinued at the second arrow. 
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FIGURE 2 Relationship between cimetidine dose and its effect on succinylcholine-induced twitch suppression in rats. The relationship between 
peak potentiation and dose was most appropriately characterized by use of a sigmoidal Ema x (Hill) equation while that between reversal and dose 
was described best by an Ema x model. There was no significant relationship between steady-state potentiation and dose. 

~g.  kg -I . rain -1 produced49.2 - 1.5% twitch suppression 
in 19 rats. When iv cimetidine was administered it pro- 
duced an immediate potentiation of twitch suppression in 
all but two of the three rats receiving the lowest (3.2 
mg.  kg -I) dose of cimetidine. This was followed by a 
transient reversal of paralysis in all but two rats who 
received either a dose of 56.2 or 23.7 mg- kg -t. A second 
phase of potentiation was then noted in eleven rats which 
persisted at steady-state or plateaued. This steady-state 
potentiation ranged from 9 to 65% and occurred in rats 
who received cimetidine doses ranging from 7.5 to 56.2 
mg.  kg -1. The onset of peak potentiation occurred in 19.0 
___ 2.7 sec after cimetidine dosing and the peak reversal 
was observed 4.1 __. 0.4 min after the doses of cimetidine. 
In the 11 rats where the potentiation persisted, it took 23.4 
_ 1.5 min to stabilize. The first blood sample for 
cimetidine assay was taken 75 __- 6 sec after the cimetidine 
dose. Due to technical constraints, this sampling time was 

delayed by approximately one minute from the time of 
peak potentiation. Unfortunately, no cimetidine concen- 
trations were available at peak reversal. The second 
cimetidine concentration was measured when the potentia- 
tion by cimetidine had stabilised (Figure 1). 

There was a good relationship between the degree of 
peak potentiation of twich suppression by cimetidine and 
its dose and serum concentration respectively and the 
sigmoid Ema x (or Hill) equation was the most appropriate 
for characterizing these relationships. Potentiation at 
steady-state was not related to either the cimetidine dose 
or its serum concentration. However, there was an appar- 
ent relationship between the reversal of paralysis and the 
dose and serum cimetidine concentration respectively, 
although these relationships were not strong (Figures 2 
and 3). 

The cimetidine dose-producing 50% potentiation 
during its peak effect was 13.9 +_ 1.2 mg- kg -~ and this 
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FIGURE 3 Relationship between serum cimetidine concentration and its effect on succinylcholine-induced twitch suppression in rats. The rela- 
tionship between peak potentiation and concentration was most appropriately characterized by use of a sigmoidal Ema x (Hill) equation while that 
between reversal and concentration was described best by an Ema x model. There was no significant relationship between steady-state potentiation 
and concentration. 

effect was associated with a cimetidine serum concentra- 
tion of 46.5 ___ 4.6 Ixg" ml -l (or 184 __- 18.2 IxM). Maximal 
reversal, of pre-cimetidine paralysis, was 46.8 __. 17.5% 
and the concentration producing half maximal reversal was 
62.5 --- 46.6 ~g" m1-1 (248 ___ 185 IzM). When cimetidine 
10 or 100 mg.  kg -I was administered alone to rats who 
had not received any succinylcholine, there was no effect 
on the normal (baseline) twitch response. 

Discussion 
Cimetidine produces three distinct cholinergic effects 
against the neuromuscular paralysis induced with the 
depolarizing agent succinylcholine. Peak potentiation of 
paralysis is followed by a rapid reversal which precedes 
plateau or steady-state potentiation. The predominant 
effect of cimetidine, however, is to potentiate the neuro- 
muscular paralysis and the reversal is transient. This is 
supported by theobservation that the relationship between 
peak potentiation and cimetidine serum concentration 
was easily discernable even though these concentrations 
were measured approximately one minute after peak 
potentiation. In contrast, reversal of paralysis was only 
weakly correlated to serum concentrations, although these 
concentrations were not determined exactly at the time of 
peak reversal. The results of this study support the hypoth- 
esis that iv cimetidine adversely affects neuromuscular 
function during anaesthesia, at least in rats. 

The mechanism(s) responsible for the observed poten- 
tiation and transient reversal of neuromuscular paralysis by 

cimetidine is not clear from this study but may be a result 
of either a neuromuscular blocking effect of cimetidine 
itself or an anti-cholinesterase effect of the drug. 
Cimetidine has been shown previously in vitro to produce 
neuromuscular blockade but at very high (500-2000 
Ixg" m1-1) bath concentrations. 13 However, in the present 
study, cimetidine by itself at 100 mg- kg -~ failed to affect 
neuromuscular transmission. This is not surprising since 
serum concentrations of cimetidine generated at this dose 
were only about 200 Izg" m1-1. Cimetidine also exhibits 
cholinesterase inhibition in vitro but again at high concen- 
trations between 25 and 2500 I~g" ml -I (100 to 10000 
IzM).14 Since succinylcholine depends on hydrolysis by 
cholinesterases for termination of its action, J5 inhibition of 
this family of enzymes would either potentiate or reverse 
the action of succinylcholine. Potentiation by cimetidine 
would only be observed of course if cimetidine was able 
to inhibit the cholinesterase that breaks down succinyl- 
choline more than the cholinesterase that metabolizes the 
endogenous transmitter acetylcholine itself. In this respect, 
it is important to note that cimetidine is a more potent in- 
hibitor of acetylcholinesterase (ACHE) than pseudocho- 
linesterase (PChE) or butyrylcholinesterase (BuChE), 14 the 
former being more specific for acetylcholine breakdown 
while the latter hydrolyzes succinylcholine. 16 The potentia- 
tion of succinylcholine's effect by cimetidine may there- 
fore result from an intrinsic neuromuscular blocking effect 
of cimetidine since inhibition of PChE or BuChE is weak. 
The transient reversal of paralysis by cimetidine may be 
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mediated via AChE inhibition provided there is a mixed or 
phase II block present since succinylcholine is a competi- 
tive agent. Phase II (non-depolarizing or competitive) 
block would be reversed by increased acetylcholine con- 
centrations resulting from AChE inhibition by cimetidine. 
The presence of a phase II block by succinylcholine could 
not be confirmed since the single-twitch response used 
here is unable to distinguish between a phase I and a phase 
II neuromuscular blockade. 

Potentiation of succinylcholine by cimetidine may have 
clinical implications but in quantitative terms this interac- 
tion is not likely to be pronounced and probably will be 
unnoticed in anaesthesia practice since cimetidine doses 
used in patients are substantially lower than in this study. 
The serum concentrations (18 to 177 i.Lg.ml -I) that 
produce potentiation in rats are about 5 to 24 times higher 
than that noted (3.5 to 7.43 txg" ml -l) in patients, t7 In 
addition, with clinical premedication doses, cimetidine 
does not affect PChE or BuChE enzyme activity in vivo Is 

although higher than normal clinical concentrations 
(150-1500 Ixg" ml -I) decrease the PChE activity and 
succinylcholine hydrolysis rate respectively in vitro. 18,19 

Thus, caution will need to be exercised in patients who 
are otherwise at risk of displaying prolonged paralysis, 
for example, those with abnormal or low plasma cho- 
linesterase enzyme activity or those receiving drugs that 
depress neuromuscular transmission. Patients with atypical 
cholinesterases may also be more susceptible to phase II 
block 2~ which may add a further complication. 

In conclusion, this study demonstrates that iv cimetidine 
potentiates the neuromuscular blocking action of succinyl- 
choline in vivo in rats. These results support reports of 
prolongation of succinylcholine blockade with cimetidine 
in patients. 
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