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The influence of lidocaine and racemic bupivacaine on neuromuscular blockade produced
by rocuronium. A study in rat phrenic nerve-diaphragm preparation1
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ABSTRACT
Purpose: To evaluate in vitro lidocaine and racemic bupivacaine effects in neuromuscular transmission and in neuromuscular blockade
produced by rocuronium. Methods: Rats were distributed in 5 groups (n = 5) in agreement with the studied drugs: lidocaine, racemic
bupivacaine, rocuronium, separately (Groups I, II, III); rocuronium in preparations exposed to local anesthetics (Groups IV, V). The
concentrations used were: 20 µg/mL, 5 µg/mL and 4 µg/mL, for lidocaine, bupivacaine and rocuronium, respectively. It was evaluated:
1) amplitude of diaphragm muscle response to indirect stimulation, before and 60 minutes after separately addition of lidocaine, racemic
bupivacaine and rocuronium and the association of local anesthetics - rocuronium; 2) membrane potentials (MP) and miniature end-plate
potentials (MEPP). Results: Lidocaine and bupivacaine separately didn’t alter the amplitude of muscle response and MP. In preparations
previously exposed to lidocaine and racemic bupivacaine, the rocuronium blockade was significantly larger (90.10 ± 9.15% and 100%,
respectively), in relation to the produced by rocuronium separately (73.12 ± 9.89%). Lidocaine caused an increase in the frequency
of MEPP, being followed by blockade; racemic bupivacaine produced decrease being followed by blockade. Conclusions: Local
anesthetics potentiated the blockade caused by rocuronium. The alterations of MEPP identify presynaptic action.
Key words: Anesthetics, Local. Lidocaine. Bupivacaine. Neuromuscular Blocking Agents. Rats.

RESUMO
Objetivo: Avaliar in vitro os efeitos da lidocaína e bupivacaína racêmica na transmissão neuromuscular e no bloqueio neuromuscular
produzido pelo rocurônio. Métodos: Ratos foram distribuídos em 5 grupos (n = 5) de  acordo com  a  droga estudada: lidocaina,
bupivacaína racêmica, rocurônio, isoladamente (Grupos I, II, III); rocurõnio em preparações expostas aos anestésicos locais (Grupos IV,
V). As concentrações utilizadas foram: 20 µg/mL, 5 µg/mL e 4 µg/mL, para lidocaína, bupivacaína e rocurônio, respectivamente.
Avaliou-se: 1) amplitude das respostas do músculo diafragma à estimulação indireta, antes e 60 minutos após a adição da lidocaína,
bupivacaína racêmica e rocurônio isoladamente e da associação anestésicos locais – rocurônio; 2) potenciais de membrana (PM) e
potenciais de placa terminal em miniatura (PPTM). Resultados: A lidocaína e a bupivacaína isoladamente não alteraram a amplitude das
respostas musculares e os PM. Nas preparações previamente expostas a lidocaína e a bupivacaína racêmica, o bloqueio com o rocurônio
foi significativamente maior (90,10 ± 9,15% e 100%, respectivamente), em relação ao produzido pelo rocurônio isoladamente
(73,12 ± 9,89%). A lidocaína causou aumento na freqüência dos PPTM, seguido de bloqueio; a bupivacaína racêmica produziu diminuição
seguida de bloqueio. Conclusões: Os anestésicos locais potencializaram o bloqueio causado pelo rocurônio. As alterações do PPTM
identificam ação pré-sináptica.
Descritores: Anestésicos Locais. Lidocaína. Bupivacaína. Bloqueadores Neuromusculares. Ratos.
1Research performed at Laboratory of Neuromuscular Junction, Department of Pharmacology, Campinas University (UNICAMP), Sao Paulo, Brazil.

Introduction

There are evidences that pharmacokinetic and pharma-
codynamic properties of neuromuscular blocking agents, drugs

commonly used in general anesthesia, can be modified by factors
as acid-basic state, temperature, monitoring, certain diseases
(burns, superior and inferior motor neuron disease) and drugs
administered by different routes1-13.
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Clinical assays describe that local anesthetics by
peridural route, routine used in association to general anesthesia,
can interact and potentiate the effects of neuromuscular blocking
agents2-3,7,12, interaction also observed in experimental studies9,11.
However, although these effects have been experimentally
demonstrated in isolated preparations and clinical assays, the
influence in  neuromuscular transmission and in neuromuscular
blockade produced by competitive neuromuscular blocking agents
it is still objective of little investigation1-3, 6-9,11-12,14.

In vitro study has for objective to evaluate in rats: the
effects of lidocaine and racemic bupivacaine in neuromuscular
transmission and its influence in neuromuscular blockade produced
by rocuronium.

Methods

It treats of an experimental in vitro study and the
procedures used are in agreement with the Ethical Principles for
Animal Research established by Brazilian College for Animal
Experimentation (COBEA) and were approved by the Ethics
Committee on Animal Institutional Research of the Institute of
Biology of the State University of Campinas (protocol nº 1204-1).
Were used male rats of Wistar lineage, with weight among
180 - 250 g. The animals were anesthetized with urethane
(1.2 mg/kg, intraperitonial route) and soon afterwards they were
exsanguinated by the section of neck vessels, to facilitate the
identification and retreat of left hemidiaphragm with the
corresponding phrenic nerves.

The preparation was set up in agreement with the tech-
nique described by Bulbring15. Hemidiaphragms with the corre-
sponding phrenic nerves were fixed in vat containing 40 mL of
Tyrode nutritious solution with the following composition in mM:
NaCl 137; KCl 2.7; CaCl2 1.8; NaHCO3 11.9; MgCl2 0.25; NaH2PO4
0.3 and glucose 11. The solution was constantly aerated with car-
bonic mixture (95% O2 + 5% CO2) and maintained at 37ºC. The
nerve was placed over platinum probes connected to a Grass S48
stimulator. The diaphragm was held by its tendinous portion under

nerve-diaphragm preparation for the study of local anesthetics ef-
fects in miniature end-plate potentials and in membrane potentials.
It was evaluated: 1) the amplitude of diaphragm muscle responses
to indirect stimulation, before and 60 minutes after the addition of
lidocaine, racemic bupivacaine and rocuronium separately; 2) am-
plitude of diaphragm muscle responses to indirect stimulation, be-
fore and 60 minutes after rocuronium addition in preparations pre-
viously exposed to lidocaine and racemic bupivacaine; 3) the mem-
brane potentials (MP) and miniature end-plate potentials (MEPP).

Statistical analysis

The results were expressed in averages and standard de-
viations. Amplitude of muscle responses was compared before and
60 minutes after drugs administration. To evaluate the reduction of
muscle response were used t Student (normal distribution) and
Mann-Whitney tests; in the analysis of membrane potential of
muscle fibers, Wilcoxon tests were used for paired samples. Sig-
nificance level of 5% was assumed (   = 5%). The power of the test
was calculated and it was obtained ß > 20% (power > 80%). The
software used for data analysis was SAS version 8.2.

Results

Lidocaine and racemic bupivacaine in the studied con-
centrations and used separately didn’t cause reduction in the am-
plitude of muscle response to indirect electric stimulation in rat
phrenic nerve-diaphragm preparation. The blockade produced by
rocuronium employed separately was 73.12 ± 9.89% (Figure 1). In
preparations previously exposed to lidocaine and racemic
bupivacaine, the blockade produced by rocuronium was 90.10 ±
9.15% and 100%, respectively, with significant difference
(p=0.0037) in relation to the produced by rocuronium separately
employed. It is observed that the blockade produced by rocuronium
in the preparations exposed to bupivacaine was total and it settled
more precocious than observed in preparations exposed to lidocaine
(Figure 2).

constant tension (5.0 g) through a wire con-
nected to a Load Cell BG50 GMS isometric
transducer and submitted to an indirect stimu-
lation frequency of 0.1 Hz with duration of
0.2 mseg. The tension variations produced by
diaphragm contractions were recorded by a
Gould RS 3400 physiographer. Five groups
have been formed (n = 5), in agreement with
the drug added to the preparation: Group I -
lidocaine (20 µg/mL); Group II - racemic
bupivacaine (5.0 µg/mL); Group III -
rocuronium (4 µg/mL); Group IV - rocuronium
(4 µg/mL) in preparation previously exposed
to lidocaine (20 µg/mL); Group V -
rocuronium (4 µg/mL) in preparation previ-
ously exposed to racemic bupivacaine (5.0 µg/
mL). In the groups IV and V, rocuronium was
added to the preparation 30 minutes after the
addition of lidocaine and racemic bupivacaine,
respectively. The muscle response to indirect
stimulation was registered for 60 minutes af-
ter drugs addition. It was also used the phrenic

FIGURE 1 - Muscle response to indirect stimulation in phrenic nerve-diaphragm preparation.
Effects of lidocaine - 20 µg/mL (upper tracing), of racemic bupivacaine - 5.0 µg/mL (middle
tracing), of rocuronium - 4.0 µg/mL (lower tracing) in neuromuscular transmission. A: addition
of the drug through the preparation; B: 60 minutes after the addition
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FIGURE 2 - Rocuronium effect (4 µg/mL) in the muscle response to indirect stimulation in rat phrenic
nerve-diaphragm preparation exposed to lidocaine - 20 µg/mL (upper tracing) and racemic bupivacaine -
5.0 µg/mL (lower tracing). A: local anesthetic addition; B: rocuronium addition 30 minutes after local
anesthetic; C: 60 minutes after rocuronium. The dart (lower tracing) shows the complete rocuronium
blockade (26.8 ± 4.32 minutes)

Significant alterations were not observed on membranes
potentials. The effects of lidocaine on miniature end-plate
potentials (MEPP) were characterized initially by frequency
increase, observed 30 minutes after the drug addition, being

 
FIGURE 3 - Effect of lidocaine - 20 µg/mL (upper tracing) and racemic bupivacaine - 5.0 µg/mL (lower tracing)
in the miniature end-plate potentials (MEPP) in rat phrenic nerve-diaphragm preparation. A: control; B: 30
minutes after the local anesthetic’s addition; C: 60 minutes after the local anesthetic’s addition

followed by blockade at 60 minutes. In relation to racemic
bupivacaine, it was observed decrease in amplitude and frequency
of MEPP, being followed by blockade (Figure 3).
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Discussion

The interaction between local anesthetics and neuromus-
cular blocking agents has been described in clinical practice2-3,7-8,12.
These discoveries are confirmed in experimental works that have
as larger advantage, in relation to the clinical researches, the possi-
bility to eliminate the great individual sensibility variability to neu-
romuscular blocking agents16-17.

The results obtained in this work show that in rat phrenic
nerve-diaphragm preparation, lidocaine and racemic bupivacaine
in the employed concentrations, and, separately administered don’t
commit neuromuscular transmission, however, the blockade pro-
duced by rocuronium in preparations previously exposed to the
different local anesthetics was significantly larger than observed in
preparations not exposed to local anesthetics.

It was also observed in this study, that in the experiments
that racemic bupivacaine was used, the installation of neuromus-
cular blockade produced by rocuronium was total and it happened
more precocious (26.8 ± 4.32 minutes), in relation to the observed
in the preparations exposed to lidocaine.

Structure and physiochemical characteristics of racemic
bupivacaine can constitute decisive factors for these discoveries,
because bupivacaine potency is larger than that of lidocaine. This
property can be attributed to its largest hydrophobic behavior indi-
cating an alternative route access to hydrophobic sites in sodium
channel protein. The water solubility is an essential characteristic
for anesthetic’s molecule transport to the nerve fibers, as well as
ionization balance that guarantees the existence of ionized and not
ionized ways at sites of action. In compensation lipid solubility is
also crucial for drug partitioning into the axon, which guarantees
that sufficient amount of local anesthetic molecules penetrate in
the membrane, inactiving sodium channel. This way the interpre-
tation of the action mechanism, stops having a restricted approach
to the importance of the interaction with the lipid or direct, with
the sodium channel protein, and becomes including, supplying a
more global vision of its action in the cellular membranes18.

Additionally local anesthetics as ropivacaine, bupivacaine
and mepivacaine, due to their chemical structures, present the prop-
erty to become membranes fluid, which in association with hydro-
phobic behavior seems also to influence in its activity19. These au-
thors showed that the fluidly promoted by bupivacaine and
ropivacaine it is predominantly in the membrane nucleus, in rela-
tion to the surface, being more effective with bupivacaine than with
ropivacaine. Already with mepivacaine this fluidly was shown ho-
mogeneous in both areas of the membrane.

Racemic bupivacaine, ropivacaine and mepivacaine, com-
monly contains in their piperidinic ring a chiral center, supplying
optical isomers with configurations S (-) and R (+). Besides the
likeness to the receivers, this stereoisomerism is also factor that
contributes to the cellular membranes fluidly19.

The results of this study resemble each other to the ex-
perimental and clinical researches2-3,7-9,11-12,16-17 that also demonstrated
that local anesthetics employed separately for different routes, don’t
commit neuromuscular transmission, but they potentiate neuromus-
cular blockade produced for different neuromuscular blocking.

Matsuo et al.17 evaluated in rat phrenic nerve-diaphragm
preparation, the action of d-tubocurarine association to different
local anesthetics as procaine, lidocaine and etidocaine, and they
observed, neuromuscular blocking agents dose-response curve
deviation to the left, reflecting increase in the potency of these drugs.

Local anesthetics also had their ED50 reduced for the neuromuscu-
lar blocking agents, and the authors concluded that the interaction
neuromuscular blocking agents - local anesthetics can be conse-
quent to the true potentied, caused by the action of two types of
drugs, in different places of neuromuscular junction.

In clinical studies, the potency and the action duration of
different neuromuscular blocking agents, were increased by
lidocaine, bupivacaine and mepivacaine used in peridural space,
clinically relevant results, and that emphasize the need of frequent
monitoring of neuromuscular transmission, when of the use of gen-
eral anesthesia combined to neuroaxial anesthesia2-3,7,12. It is prob-
able that the potency of local anesthetics in neuromuscular junc-
tion can differ among the different species and, the extrapolation
of these results to man is not quantitatively similar.

In electrophysiological studies, we observed that local an-
esthetics in the used concentration didn’t produce alterations in
muscular fibers membrane potential measures, staying above - 82
milivolts, therefore inside of the normality limits, results similar to
described for other authors9.

In agreement with described by Bowman20, it can be inferred
that these drugs doesn’t possess depolarizing action on muscular
fiber, that its action mechanism in the neuromuscular junction is
not related to the muscular membrane stability activity, but they
impede action potentials spread transport, without affecting the
membrane potential.

The experiments accomplished to evaluate the influence
of local anesthetics in miniature end-plate potentials (MEPP), evi-
denced alteration in these potentials. With lidocaine, initially it was
verified increase in the frequency of MEPP, what can be attributed
to presynaptic action, increasing the neurotransmitter liberation,
being followed by blockade. Unlike observed with lidocaine, in
preparations exposed to bupivacaine, there was progressive block-
ade of these, with decrease in the frequency and in the amplitude,
until its complete disappearance.

The alterations of miniature end-plate potentials indicate
presynaptic action, modifying quantal acetylcholine liberation. The
absence of membrane potential alterations demonstrates that in this
concentration lidocaine doesn’t possess depolarizing action on
muscular fiber and that the probable action place is in the neuro-
muscular junction.

The interaction between local anesthetics and neuromus-
cular blocking agents it is not completely elucidated, and several
mechanisms can be responsible for potentiation observed. Theo-
retically these agents can interfere in some stage involved in neu-
romuscular transmission. For presynaptic action, local anesthetics
select depress the transport in motor fibers and they reduce acetyl-
choline liberation during nervous stimulation21-23. For postsynaptic
action they can link to different specific places of acetylcholine,
resulting in receivers’ desensitization, besides they could tempo-
rarily occlude nicotinic channels receivers24-26.

Conclusion

The lidocaine and bupivacaine separately don’t commit
neuromuscular transmission, but they potentiate neuromuscular
blockade produced by rocuronium. These discoveries turn evident
the need of neuromuscular blockade monitoring, and neuromuscu-
lar blocking agent’s dose reduction when of the simultaneous use
of these agents.
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