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RESUMO

Loyola YCS, Braga AFA, Potério GMB, Sousa SR, Fernandes SCA,
Braga FSS - Influéncia da Lidocaina no Bloqueio Neuromuscular
Produzido pelo Rocurbnio. Estudo em Preparacdo Nervo Frénico-
Diafragma de Rato.

JUSTIFICATIVA E OBJETIVOS: O mecanismo de agdo dos
anestésicos locais (AL) na jungdo neuromuscular motivou a reali-
zacao de vérios estudos. Em baixas doses eles néo interferem na
transmissao neuromuscular, mas em altas doses podem compro-
meter a transmissao neuromuscular e potencializar os efeitos de
bloqueadores neuromusculares. O objetivo do estudo foi avaliar,
em diafragma de rato, a interacédo da lidocaina com o rocurénio
através da influéncia no grau de blogueio neuromuscular.
METODO: Foram utilizados ratos, com peso entre 250 e 300
g. A preparacao foi feita de acordo com a técnica descrita por
Bulbring. Formaram-se grupos (n = 5) de acordo com a droga em
estudo: lidocaina — 20 pg.mL-t (Grupo |); rocurénio — 4 pg.mL-t
(Grupo 1) e rocurdnio — 4 pg.mL-1 com lidocaina — 20 pg.mL-t
(Grupo Ill). Foram avaliadas: 1) a amplitude das respostas do
musculo diafragma a estimulagdo indireta, antes e 60 minutos
apo6s a adicao da lidocaina e do bloqueador neuromuscular; 2) os
potenciais de membrana (PM) e potenciais de placa terminal em
miniatura (PPTM); 3) a eficacia da neostigmina e 4-aminopiridina
na reversdo do bloqueio neuromuscular.

RESULTADOS: A lidocaina isoladamente nao alterou a amplitude
das respostas musculares. Com o uso prévio de lidocaina o blo-
gueio neuromuscular do rocurdnio foi de 82,8% + 1,91%, com dife-
renga significativa (p = 0,0079) em relagéo ao grupo com rocurdnio
isolado (57,8% * 1,9%). O bloqueio foi parcial e totalmente rever-
tido pela neostigmina e 4-aminopiridina, respectivamente. A lido-
caina nao alterou o potencial de membrana e ocasionou aumento
inicial na frequéncia dos PPTM, seguido de blogueio.
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CONCLUSOES: A lidocaina potencializou o bloqueio neuromus-
cular produzido pelo rocurdnio. As alteracdes do PPTM identifi-
cam acao pré-singptica. O antagonismo completo da 4-amino-
piridina sugere componente pré-sinaptico, idéia que € suportada
pelo antagonismo parcial pela neostigmina.

Unitermos: ANESTESICOS, Local: lidocaina; ANIMAIS: ratos
BLOQUEADORES NEUROMUSCULARES, Néo-despolarizan-
tes: rocuroénio.

SUMMARY

Loyola YCS, Braga AFA, Potério GMB, Sousa SR, Fernandes
SCA, Braga FSS - Influence of Lidocaine on the Neuromuscular
Block Produced by Rocuronium. Study in Rats. Phrenic-Dia-
phragmatic Nerve Preparation.

BACKGROUND AND OBJECTIVES: The action mechanism of
local anesthetics (LA) on neuromuscular junction motivated seve-
ral studies. When administered at low doses, they do not interfere
on neuromuscular transmission. But high doses may compromise
neuromuscular transmission and increase the effects of neuro-
muscular blockers. The objective of this study was to evaluate
lidocaine interaction with rocuronium on rat diaphragm through its
influence on neuromuscular block degree.

METHODS: Rats, weighing between 250 and 300 g, were used.
Preparation was set according to the technique described by
Bulbring. Groups were formed (n = 5) according to the drug being
studied: lidocaine — 20 pg.mL- (Group 1); rocuronium — 4 pg.mL-t
(Group 1), and rocuronium — 4 pg.mL-1 with lidocaine — 20 pg.mL-t
(Group Ill). The following items were assessed: 1) the extent of
diaphragm muscle responses to indirect stimulation, both before
and 60 minutes after adding lidocaine and a neuromuscular
blocker; 2) membrane potentials (MP) and miniature end-plate
potentials (MEPP); 3) the effectiveness of neostigmine, and 4)
aminopyridine on neuromuscular blockage reversal.

RESULTS: When administered separately, lidocaine did not alter
the extent of muscular responses. With the previous use of lido-
caine, rocuronium neuromuscular blockage was 82.8% * 1.91%,
with a significant difference (p = 0.0079) when compared to the
group with isolated rocuronium (57.8% + 1.9%). Blockage was
both partially and fully reverted by neostigmine and 4-aminopyri-
dine, respectively. Lidocaine did not alter membrane potential and
caused an initial increase on MEPP, followed by a blockage.
CONCLUSIONS: Lidocaine increases the neuromuscular block-
ing produced by rocuronium. MEPP modifications identify a
presynaptic action. The complete antagonism of 4-aminopyridine
indicates a presynaptic component. This idea is supported by the
partial antagonism through neostigmine.

Key Words: ANESTHETICS, Local: lidocaine; ANIMALS: rats; NEU—
ROMUSCULAR BLOCKERS, Nondepolarizing: rocuronium.

147



LOYOLA, BRAGA, POTERIO E COL.

INTRODUCAO

s propriedades farmacol6gicas dos bloqueadores neuro-

musculares (BNM), tais como inicio de ac¢éo, grau de blo-
gueio neuromuscular e duragdo de acdo dependem de varios
fatores. Estes incluem o débito cardiaco, o tempo circulatério
para o musculo, o fluxo sanguineo muscular, a afinidade pelo
local de agdo, a poténcia e a dose administrada 1. Também
existem evidéncias de que altas doses de anestésicos locais
empregadas isoladamente podem comprometer a transmis-
sdo neuromuscular, e potencializar o bloqueio neuromuscular
produzido por baixas doses de bloqueadores neuromuscula-
res ndo-despolarizantes e despolarizantes 2.
Os anestésicos locais, particularmente as amino-amidas, tais
como a lidocaina e a bupivacaina, sdo farmacos comumente
empregados na pratica clinica em anestesia peridural asso-
ciada a anestesia geral. Por via venosa, a lidocaina é usada
durante a indugdo anestésica para atenuar as respostas refle-
xas desencadeadas pelas manobras de laringoscopia e intuba-
¢ao traqueal e como droga auxiliar no tratamento de disritmias
cardiacas no intra-operatorio 2-7. O rocurénio € um bloqueador
neuromuscular ndo-despolarizante, aminoesteréide, de dura-
¢ao de acdo intermediaria, com inicio rapido de acgao, caracte-
ristica que o diferencia dos demais bloqueadores néo-despo-
larizantes e o torna um agente alternativo para a succinilcolina
em situacBes de inducéo de seqiiéncia rapida 7-.
S&o admitidos véarios mecanismos para explicar a interagdo
entre os anestésicos locais e os bloqueadores neuromuscu-
lares, tais como agéo pré-sinaptica, inibindo a liberacdo da
acetilcolina e acdo pds-sinaptica, através da estabilizagdo da
membrana pés-juncional, além de interferéncia com o meca-
nismo de excitacéo-contracdo da fibra muscular 10-14,
Trabalhos apontam para possivel interagdo lidocaina - blo-
queadores neuromusculares, potencializando os efeitos dos
blogueadores neuromusculares 410, Embora somente em
altas doses os anestésicos locais possam produzir bloqueio
neuromuscular, a interagdo com os bloqueadores neuromus-
culares, particularmente os nao-despolarizantes, torna-se
clinicamente relevante, necessitando-se de observacéo cui-
dadosa quando do emprego simultaneo desses agentes, ou
em situacdes em que a margem de seguranga da transmissao
neuromuscular estiver reduzida 2.15,
O objetivo deste estudo foi avaliar, em modelo experimental, o
efeito da lidocaina na transmiss&o neuromuscular e a sua influ-
éncia no bloqueio neuromuscular produzido pelo rocurdnio.

METODO

Foi realizado estudo experimental obedecendo aos princi-
pios éticos do Colégio Brasileiro de Experimentacdao Animal
(COBEA) que foram aprovados pela Comissdo de Etica
em Experimentagdo Animal do Instituto de Biologia da
Universidade Estadual de Campinas (UNICAMP).

Foram utilizados ratos machos da linhagem Wistar, com peso
entre 250 e 300 g, sacrificados sob anestesia com hidrato de
cloral a 10% (250 mg.kg1), por via intraperitonial, e sangria por
secc¢ao dos vasos do pescogo. A preparacgédo foi feita de acordo
com a técnica descrita por Bulbring 16. Os hemidiafragmas com
os nervos frénicos correspondentes foram retirados e fixados
em cuba contendo 40 mL de soluc¢éo nutritiva de Tyrode com
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a seguinte composicdo em mM: NaCl 137; KCI 2,7; CaCl, 1,8;
NaHCO; 11,9; MgCl, 0,25; NaH,PO, 0,3 e glicose 11. A solucdo
foi aerada constantemente com carbogénio (95% O, + 5% CO,)
e mantida a 37° C. O nervo foi colocado sobre eletrodos de
platina ligados a um estimulador Grass S48. O diafragma foi
mantido por sua porgéo tendinosa sob tensdo constante (5,0
g), através de fio ligado a transdutor isométrico Load Cell BG50
GMS, e submetido a estimulagao indireta de 0,1 Hz de freqiién-
cia e duragdo de 0,2 mseg, sendo que as variagdes de tensdo
produzidas pelas contra¢des do diafragma foram registradas em
fisiografo Gould RS 3400. Formaram-se grupos (n = 5), de acor-
do com o farmaco adicionado a preparacéo: Grupo | - lidocaina
(20 pg.mL-1); Grupo Il - rocurénio (4 pg.mL-1); Grupo Il - rocur6-
nio (4 pg.mL-1) em preparagdo previamente exposta a lidocaina
(20 pg.mL-1). No Grupo Il (lidocaina-rocurénio), o rocurdnio
foi adicionado a preparacéo 30 minutos apos a adigao da lido-
caina. As respostas musculares a estimulagdo indireta foram
registradas durante 60 minutos apds a adicdo dos farmacos.
Para a reversdo do bloqueio neuromuscular ocasionado pela
associacao lidocaina-rocurdnio, empregaram-se neostigmina (2
pg.mL-1) e a 4-aminopiridina (4AP) (20 pg.mL-1), adicionadas a
preparagao 60 minutos ap6s o BNM. Utilizou-se também a pre-
paracéo nervo frénico-diafragma para a o estudo dos efeitos da
lidocaina nos potenciais de placa terminal em miniatura e nos
potenciais de membrana. Foram avaliados: 1) a amplitude das
respostas do musculo diafragma a estimulacéo indireta, antes
e 60 minutos apos a adi¢éo de lidocaina; 2) a amplitude das
respostas do musculo diafragma a estimulagao indireta, antes e
60 minutos apds a adigdo do bloqueador neuromuscular; 3) os
potenciais de membrana (PM) e potenciais de placa terminal em
miniatura (PPTM); 4) a eficacia da neostigmina e da 4-aminopi-
ridina na reversdo do blogueio neuromuscular.

Os resultados foram expressos em média e desvios-padrédo.
Para andlise estatistica foram utilizados os testes de Mann-
Whitney e de Wilcoxon para amostras pareadas. Assumiu-se
nivel significativo de 5% (o = 5%). O poder do teste foi calcu-
lado e obteve-se > 20% (poder > 80%).

RESULTADOS

A lidocaina na concentracéo estudada e empregada isolada-
mente em preparacdo nervo frénico-diafragma de rato nao
causou reducdo na amplitude das respostas musculares a
estimulagédo elétrica indireta (Figura 1).

Nas preparacdes expostas previamente a lidocaina o bloqueio
produzido pelo rocurdnio foi de 82,8% + 1,91%, com diferenca
significativa (p = 0,0079) em relacdo ao produzido pelo rocurd-
nio empregado isoladamente (57,8% * 11,9%), figuras 2 e 3,
respectivamente.

O bloqueio neuromuscular causado pelo rocurénio, nas prepa-
ragcdes expostas a lidocaina, foi revertido parcial e totalmente
pela neostigmina (Figura 4) e pela 4-aminopiridina (Figura 3),
respectivamente.

Nao se observou efeito com diferenga estatistica significativa
da lidocaina sobre os potenciais de membrana. Os efeitos
sobre os potenciais de placa terminal em miniatura caracteri-
zaram-se inicialmente por aumento na freqiiéncia, observado
30 minutos apds a adicao da droga, seguido de bloqueio aos
60 minutos (Figura 5).
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Figura 1 - Efeito da Lidocaina (20 pg.mL-1) nas Respostas Musculares a Estimulacéo Indireta.
A: controle; B: adigdo de lidocaina; C: 60 minutos ap6s a adigcdo de lidocaina.
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Figura 2 - Efeito do Rocurdnio (4 pg.mL-1) nas Respostas Musculares a Estimulacéo Indireta.
A: controle; B: adigdo do rocurdnio; C: 60 minutos apés a adi¢cdo de rocurénio.
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Figura 3 - Efeito do Rocurénio (4 pg.mL-1) nas Respostas Musculares a Estimulacéo Indireta em Preparagdo Nervo Frénico-Diafragma de Rato
Expostas a Lidocaina (20 pg.mL-1). Efeito da 4- Aminopiridina.
A: controle; B: adigdo de lidocaina; C: adi¢do de rocurénio 30 minutos ap6s a lidocaina; D: 60 minutos apds rocurdnio; E: 4-AP (20 pg.mL-1).
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Figura 4 - Efeito do Rocurénio (4 pg.mL1) nas Respostas Musculares a Estimulagdo Indireta em Preparacdo Nervo Frénico-Diafragma

de Rato Expostas a Lidocaina (20 pg.mL1). Efeito da Neostigmina.

A: controle; B: adigdo de lidocaina; C: adicéo de rocurénio 30 minutos ap6s a lidocaina; D: 60 minutos apds rocurdnio; E:neostigmina (2 pg.mL-1).
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Figura 5 - Efeito da Lidocaina (20 pg.mL-1) nos Potenciais de Placa Terminal em Miniatura (PPTM) em Preparacdo Nervo Frénico-

Diafragma de Rato.

A: controle; B: 30 minutos ap6s a adigdo de lidocaina, C: 60 minutos ap6s a adicdo de lidocaina.

DISCUSSAO

Os efeitos dos anestésicos locais na juncdo neuromuscular
e sua influéncia no bloqueio produzido por bloqueadores
neuromusculares ndo-despolarizantes é ainda alvo de pouca
investigacdo, no entanto esta interagdo tem sido observada
na pratica clinica 2:4-6.

Esses resultados clinicos foram confirmados em trabalhos
experimentais, que tém como maior vantagem, em relagédo
as pesquisas clinicas, a possibilidade de eliminar a grande
variabilidade individual de sensibilidade aos bloqueadores
neuromusculares 10.17-19,

O presente estudo, realizado em preparacdo nervo frénico-
diafragma de rato, mostrou que na concentragdo estudada
a lidocaina empregada isoladamente nao exerceu efeitos na
juncdo neuromuscular, no entanto potencializou o bloqueio
produzido pelo rocurdnio. Estes resultados assemelham-se
aos de outros autores que também relataram auséncia de
efeito dos anestésicos locais na transmissao neuromuscular,
mas observaram potencializacdo de diferentes bloqueadores
neuromusculares, quando do emprego de anestésicos locais
por diferentes vias de administragdo 4-6.10.17,19,
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Na década de 1950, Ellis e col. 17, em experimentos rea-
lizados em gatos, observaram que a procaina, embora
ndo exercendo efeito na transmissao neuromuscular,
intensificou o bloqueio produzido pela d-tubocurarina e
succinilcolina, resultados confirmados em outros traba-
Ihos que também relataram ser verdadeira essa interagéo
para outros anestésicos locais e bloqueadores neuromus-
culares 1019, Matsuo e col. 10 avaliaram em preparacao
nervo frénico-diafragma de rato, a acdo da associagcdo
da d-tubocurarina a diferentes anestésicos locais como
procaina, lidocaina e etidocaina. Observaram que mesmo
em concentragdes consideradas ineficazes, os anestési-
cos locais diminuiram de modo significativo a ED50 dos
agentes bloqueadores neuromusculares e que estes, em
concentracdes eficazes para causar bloqueio neuromus-
cular, também causaram similar diminuicdo da ED50 dos
anestésicos locais. Assim, os autores concluiram que
a interacdo bloqueadores neuromusculares-anestésicos
locais pode ser conseqiiente a potencializagcdo verda-
deira, causada pela acdo dos dois tipos de drogas, em
diferentes locais da jungdo neuromuscular.
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Em experimentos realizados em gatos, o bloqueio neuromus-
cular produzido pela associagéo lidocaina-pancurénio foi 20%
maior, com diferenca estatistica significativa em relacdo ao
observado quando do emprego do pancurénio isoladamente
18, Similarmente, a lidocaina na dose de 5 mg.kg-l adminis-
trada por via venosa, também aumentou em 25% o bloqueio
neuromuscular produzido pela d-tubocurarina 19. No homem,
os efeitos do vecurdnio e do atracurio foram prolongados pela
bupivacaina administrada no espago peridural, e o rocurdnio
teve sua duracdo farmacolégica aumentada pela lidocaina
administrada por via venosa 4.

A interagdo entre os anestésicos locais e os blogueadores
neuromusculares ndo esta completamente elucidada, e varios
mecanismos podem ser responsaveis pela potencializacéo
observada. Teoricamente esses agentes podem interferir em
alguma etapa envolvida na transmissdo neuromuscular. Por
acao pré-sinaptica, os anestésicos locais deprimem seletiva-
mente a condugdo nas fibras motoras e diminuem a liberacdo
de acetilcolina durante a estimulacdo nervosa 12.20.21, Por agédo
pés-sinaptica podem se ligar a diferentes locais especificos de
acetilcolina, resultando em dessensibilizacéo desses recepto-
res, além de poderem ocluir temporariamente os canais dos
receptores nicotinicos 13.14,22,23,

A lidocaina pode bloguear completamente a condugao nervo-
sa e também deprimir a condugdo do impulso pré e pds-jun-
cional 24, Em estudo que correlaciona a estrutura molecular
de vérios derivados da lidocaina com as suas respectivas
propriedades inibitérias da transmissdo neuromuscular e
com a sua poténcia anestésica local, foi demonstrado que
as propriedades moleculares desses derivados, relacionadas
com o comprometimento da transmissdo neuromuscular, sdo
similares aquelas envolvidas na ativagcdo de receptores de
acetilcolina, e ndo com as associadas a sua poténcia anesté-
sica local. Esses resultados sugerem que a lidocaina produz
bloqueio neuromuscular por mecanismos distintos do seu
mecanismo de a¢do como anestésico local 24.

O bloqueio neuromuscular ocasionado pela associagéo lido-
caina-rocurdnio foi revertido pela neostigmina e pela 4-
aminopiridina. A neostigmina foi menos eficaz do que a
4-aminopiridina na reversao do blogueio. Com esta Ultima, a
amplitude das respostas musculares a estimulacdo do nervo
frénico, ultrapassou a das respostas consideradas como con-
trole. A neostigmina, ao inibir a acetilcolinesterase, aumenta a
concentragdo do neurotransmissor na fenda sinaptica sendo
capaz de deslocar competitivamente os agentes causadores
do bloqueio. A 4-aminopiridina, além do efeito inibidor de
dessensibilizacao de receptores nicotinicos da placa terminal,
provoca grande aumento dos quanta de acetilcolina. Esse
aumento é resultante de duas agfes distintas na membrana
das terminacdes nervosas, a inibicdo dos canais de potassio,
que produz aumento na duracdo do potencial de acéo, e o
maior influxo de ions célcio para as terminagdes nervosas
motoras durante a despolarizagdo da membrana 25-30, Embora
0 mecanismo subsinaptico pelo qual a 4-aminopiridina aumen-
ta a liberagdo do transmissor ainda ndo esteja completamente
elucidado, a eficacia da droga como antagonista do blogueio
neuromuscular pré e pdés-sinaptico tem sido evidenciada em
testes experimentais 1025-31, No entanto, seu uso na clinica
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ndo é preconizado, pois atravessa facilmente a barreira
hematoencefalica com estimulagdo do sistema nervoso cen-
tral, podendo causar convulsdes 3°.

Na avaliacdo dos potenciais bioelétricos, observou-se que a
lidocaina na concentracdo empregada néo alterou o poten-
cial de membrana das fibras musculares, demonstrando-
se, portanto, que ndo possui acdo despolarizante sobre a
fibra muscular esquelética. Embora a lidocaina ndo tenha
apresentado efeito sobre a fibra muscular, os estudos dos
potenciais bioelétricos evidenciaram que este farmaco na
concentragdo empregada interferiu nos potenciais de placa
terminal em miniatura (PPTM). Inicialmente verificou-se
aumento na freqiiéncia dos PPTM, o que pode ser atribuido
a acgdo pré-sinaptica, aumentando a liberagdo do neurotrans-
missor, com reducdo na amplitude, provavelmente devido a
acao pos-sinaptica.

Os resultados mostraram que a lidocaina na concentragéo
estudada e empregada isoladamente ndo comprometeu a
transmissdo neuromuscular, mas potencializou o bloqueio
neuromuscular produzido pelo rocurénio. As alterages do
potencial de placa terminal em miniatura indicaram acéo
pré-sinaptica, modificando a liberacdo quantal de acetilco-
lina; a auséncia de alteragbes no potencial de membrana
demonstrou que nesta concentragdo a lidocaina ndo possuiu
acao despolarizante sobre a fibra muscular e que o provavel
local de agdo é na juncdo neuromuscular, particularmente
na placa motora terminal. O antagonismo completo obtido
com a 4-aminopiridina sugeriu que a interacao da lidocaina
com o rocurdnio tem componente pré-sinaptico, relacionado
a diminuicdo da liberacdo de acetilcolina. O antagonismo
parcial pela neostigmina suporta essa idéia, uma vez que
os anticolinesterasicos séo eficazes apenas na reversédo do
bloqueio pds-sinaptico.

E provavel que a poténcia dos anestésicos locais na juncéo
neuromuscular possa diferir entre as diferentes espécies e,
embora a extrapolacdo desses resultados para o homem néo
seja quantitativamente semelhante, as implicacdes clinicas
dessa interagdo evidenciaram a necessidade de monitori-
zagdo do bloqueio neuromuscular e de reducdo da dose de
bloqueadores neuromusculares, quando do uso simultaneo
desses agentes.

Influence of Lidocaine on the Neuromuscular
Block Produced by Rocuronium. Study in Rat
Phrenic-Diaphragmatic Nerve Preparation

Yolanda Christina S. Loyola, M.D; Angélica de Fatima de
Assuncao Braga, TSA, M.D; Gléria Maria Braga Potério, TSA,
M.D; Silmara Rodrigues de Sousa, M.D; Samanta Cristina
Antoniassi Fernandes, M.D; Franklin S. da Silva Braga, M.D.

INTRODUCTION

Pharmacological properties of neuromuscular blockers
(NMB), such as onset of action, neuromuscular blockage
degree and action length depend on several factors. These
factors include: cardiac output, muscle circulatory time,
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muscular blood flow, affinity for the action site, power and
administered dosel. There are also evidences stating that
high doses of local anesthetics may compromise neuromus-
cular transmission and increase neuromuscular blockage
produced by a low dose of nondepolarizing and depola-
rizing neuromuscular blocker 2.

Local anesthetics, especially aminoamides such as lidocaine
and bupivacaine, are pharmaceuticals widely-used at clinical
practice in epidural anesthesia associated to general anes-
thesia. Intravenously administered, lidocaine is used during
anesthetic induction to attenuate reflex responses unchained
by laryngoscopy and tracheal intubation maneuvers and also
as an auxiliary drug to treat cardiac dysrhythmia on intrao-
perative 2-7. Rocuronium is a nondepolarizing neuromuscular
blocker aminosteroid with a fast onset of action. This feature
differentiates rocuronium from other nondepolarizing blockers
and also makes it an alternative agent for succinilcoline in situ-
ations of rapid sequence induction 7-°.

Several mechanisms are admitted in order to explain the inter-
action between local anesthetics and neuromuscular blockers,
such as presynaptic action, inhibiting acetylcholine release
and postsynaptic action through a postjunctional membrane
stabilization, and also interference with the muscular fiber
exciting-contraction mechanism 10-14,

Research studies point to a possible interaction between
lidocaine and neuromuscular blockers, increasing the effects
of neuromuscular blockers 410, Although local anesthetics
produce neuromuscular blockage only at high doses, the inter-
action with neuromuscular blockers, particularly the nonde-
polarizing ones, becomes clinically relevant and demands
a careful observation when it comes to simultaneous use of
these agents or in situations on which the safety margin of
neuromuscular transmission is reduced 215,

This study aimed at evaluating the effect of lidocaine on
neuromuscular transmission on an experimental model and
also assess its influence on neuromuscular blockage pro-
duced by rocuronium.

METHODS

An experimental study was performed with compliance to the
ethical principles of the - COBEA (Brazilian Association for
Laboratory Animal Science) which were approved by Ethical
Commission of Animal Experimentation from Biology Institute
UNICAMP (Universidade Estadual de Campinas).

The study was performed with male rats from Wistar lineage,
weighing between 250 and 300 g, sacrificed under anes-
thesia with 10% chloral hydrate (250 mg.kg-1) intraperito-
neal, injection, and bleeding by means of neck vessels sec-
tion. Preparation was mounted according to the technique
described by Bulbring 6. The hemidiaphragms with corres-
ponding phrenic nerves were removed and placed on a vat
containing 40 mL of Tyrode nourishing solution, composed of
the following elements in mM: NaCl 137; KCI 2.7; CaCl, 1.8;
NaHCO; 11.9; MgCl, 0.25; NaH,PO, 0.3, and glycose 11.
This solution was constantly aerated with carbogen (95% O,
+ 5% CO,) and kept at 37°C (99°F). The nerve was placed
onto platinum electrodes connected to a S48 Grass stimu-
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lator. Diaphragm was maintained by its tendinous portion
under constant tension (5.0 g), through a wire connected to
a Load Cell BG50 GMS isometric transducer, and subjected
to an indirect stimulation of 0.1 Hz frequency and lasting 0.2
msec. Tension variations produced by diaphragm contrac-
tions were registered on a Gould RS 3400 physiograph.
Groups were formed (n = 5), according to the drug added to
the preparation: Group | — lidocaine (20 pg.mL-t); Group Il -
rocuronium (4 pg.mL-1); Group Il - rocuronium (4 pg.mL-1) on
a preparation previously exposed to lidocaine (20 pg.mL-1).
On Group Il (lidocaine-rocuronium), rocuronium was added
to the preparation 30 minutes after the addition of lidocaine.
Muscular responses to indirect stimulation were registered
during 60 minutes after adding the drugs. To revert the
neuromuscular blockage caused by lidocaine-rocuronium
association, neostigmine (2 pg.mL-1) and 4 aminopyridine
(4AP) (20 pg.mL-t) were used, added to the preparation 60
minutes after the NMB. The phrenic-nerve preparation was
also employed to study the lidocaine effects on miniature
endplate potentials and membrane potentials. The assessed
items are: 1) the extent of diaphragm muscle response to
indirect stimulation, both before and 60 minutes after adding
lidocaine; 2) the extent of diaphragm muscle response to
indirect stimulation, both before and 60 minutes after adding
a neuromuscular blocker; 3) the membrane potentials (MP)
and miniature endplate potentials (MEPP); 4) the effective-
ness of neostigmine and 4-aminopiridine on neuromuscular
block reversal.

The results were expressed on mean and standard devia-
tions. For a statistical analysis, the Mann-Whitney and
Wilcoxon tests were used for paired samples. A signifi-
cant level of 5% (a = 5%) was assumed. The power of
test was calculated and a value of § > 20% was found
(power > 80%).

RESULTS

At the concentration studied and separately used on phrenic-
nerve preparation — rat diaphragm, lidocaine did not cause
any reduction on the muscular response extent to indirect
electrical stimulation

On preparations previously exposed to lidocaine, the block-
age produced by rocuronium was 82.8% + 1.91%, with a sig-
nificant difference (p = 0.0079) when compared to the block-
age produced by rocuronium employed separately (57.8% +
11.9%), figures 1, 2 and 3, respectively.

Neuromuscular blockage caused by rocuronium on prepa-
rations exposed to lidocaine was both partially and fully
reversed by neostigmine (Figure 4) and by 4-aminopirydine
(Figure 3), respectively.

It was not noted any significant statistical difference on the
lidocaine effect on membrane potentials. The effects on
miniature endplate potentials initially featured a frequency
increase, noted 30 minutes after the addition of the drug, fol-
lowed by a blockage at 60 minutes (Figure 5).
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Figure 1 — Lidocaine Effect (20 ug.mL-1) on Muscular Responses to Indirect Stimulation
A: control; B: lidocaine addition; C: 60 minutes after lidocaine addition.
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Figure 2 — Rocuronium Effect (4 pg.mL-1) on Muscular Responses to Indirect Stimulation
A: control; B: rocuronium addition; C: 60 minutes after rocuronium addition.
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Figure 3 — Rocuronium Effect (4 ug.mL-1) on Muscular Responses to Indirect Stimulation on Phrenic-Nerve Preparation Rat Diaphragm Exposed
to Lidocaine (20 pg.mL-1). 4- Aminopyridine Effect. A: control; B: lidocaine addition; C: rocuronium addition 30 minutes after lidocaine; D: 60
minutes after rocuronium; E: 4 AP (20 pug.mL-1).
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A

B

Figure 4 —Rocuronium Effect (4 pg.mL-1) on Muscular Responses to Indirect Stimulation on Phrenic-Nerve Preparation Rat Diaphragm

Exposed to Lidocaine (20 pg.mL1). Neostigmine Effect.

A: control; B: lidocaine addition; C: rocuronium addition 30 minutes after lidocaine; D: 60 minutes after rocuronium; E: neostigmine

(20 pg.mL-1).

!

Figure 5 — Lidocaine Effect (20 pg/mL) at miniature end-plate potentials (MEPP) on Phrenic-Nerve Preparation Rat Diaphragm.
A: control; B: 30 minutes after lidocaine addition, C: 60 minutes after lidocaine addition.

DISCUSSION

The effects of local anesthetics on neuromuscular junction
and its influence on the blockage produced by non-depo-
larizing neuromuscular blockers arte still subjected to few
investigations. However, this interaction has been observed
on clinical practice 24-6,

These clinical discoveries were confirmed on experimental
works, which have as a bigger advantage compared to clinical
researches, the possibility to eliminate the enormous individual
variability of sensibility to neuromuscular blockers 10.17-19,

This present study was made on phrenic-nerve preparation
— rat diaphragm and showed that lidocaine — at the studied
concentration and separately used — did not exert any effects
at the neuromuscular junction. However, it increased the
blockage produced by rocuronium. These results are similar
to the ones found by other authors, since they also reported
the absence of effect of local anesthetics on neuromuscular
transmission, but they noted an increase of different neuro-
muscular blockers when local anesthetics were used through
other forms of administration 4-6.10.17.19,
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At the 1950 decade, Ellis et al. 17, were working with
experiments performed on cats and noted that procaine,
although not having an effect on neuromuscular transmission,
enhanced the blocking produced by d-tubocurarine and suc-
cinilcoline. These results were confirmed in other works which
also reported this interaction as true for other local anesthetics
and neuromuscular blockers 1019, Matsuo et al. 10 assessed
the associated action of d-tubocurarine to different local
anesthetics such as procaine, lidocaine e etidocaine using
phrenic-nerve rat diaphragm. They noted that even in concen-
trations considered ineffective, local anesthetics significantly
decreased the ED50 of neuromuscular blockage agents. And
those agents, administered in effective concentrations in order
to generate neuromuscular blockage, also caused a similar
decrease of ED50 from local anesthetics. Thus, the authors
concluded that the interaction between neuromuscular block-
ers and local anesthetics can be followed by the true increase
caused by the action of both types of drug on different spots
of neuromuscular junction.

During experiments performed on cats, the neuromuscular
blockage produced by lidocaine-pancuronium association
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was 20% higher, with a significant statistical difference when
compared to the results observed when pancuronium was
employed separately 8. On a similar way, lidocaine at a 5
mg.kg-! intravenous dose increased the neuromuscular block-
age produced by d-turbocurarine in 25%?9. On human beings,
the effects of vecuronium and atracurium were extended by
bupivacaine administrated on the epidural space. Rocuronium
has its pharmacological duration increased by intravenous
lidocaine administration 4-6.

The interaction between local anesthetics and neuromus-
cular blockers is not complacently explained and several
mechanisms can be held responsible for the potentiation once
observed. Theoretically, these agents may interfere in some
stage involved on neuromuscular transmission. Through pre-
synaptic action, local anesthetics selectively depress conduc-
tion on motor fibers and diminish the acetylcholine release
during nervous stimulation 122021, By means of a presynaptic
action, they may be able to connect to different specific acetyl-
choline sites. It results on desensibilization of these receptors,
and they also can occlude the nicotine receptors channels on
a temporary basis 1314,22,23,

Lidocaine may completely block nerve conduction and
also depress the conduction of both pre and postjunctional
impulse24. A study correlates the molecular structure of seve-
ral lidocaine derivates with its respective neuromuscular
transmission inhibitory properties and with its local anesthetic
power. The research shows that molecular properties of these
derivates related with the compromise of neuromuscular trans-
mission are similar to the properties involved on acetylcholine
receptors activation and not with the properties associated with
its local anesthetic power. These results indicate that lidocaine
produces neuromuscular blockage by means of mechanisms
diverse than its action mechanism as a local anesthetic 24.
Neuromuscular blockage caused by lidocaine-rocuronium
association was reversed by neostigmine and 4-aminopiri-
dine. Neostigmine was less effective than 4-aminopiridine to
reverse the blockage. With the latter, the extent of muscular
response to phrenic nerve stimulation exceeds the extent of
responses considered as a control group. When neostigmine
inhibits acetyl cholinesterase, it increases the neurotransmit-
ter concentration on synaptic gap, being able to competitively
dislocate the agents causing blockage. Besides the inhibitor
effect of endplate nicotine receptors desensibilization, 4-ami-
nopiridine causes a huge increase on the acetylcholine quan-
ta. This increase comes from two distinct actions on nerve-
ending membranes: inhibition of potassium channels, which
increases the lasting of action potential and a greater inflow
of calcium ions to motor nerve-endings during the membrane
depolarization 2530, Although the subsynaptic mechanism by
which 4-aminopiridine increases the transmitter release is not
fully explained yet, the effectiveness of the drug as an antago-
nist of both pre and postsynaptic neuromuscular blockage
has been proved on experimental tests 10.25-31, However, its
clinical use is not advocated since it easily crosses the blood-
brain barrier with central nervous system stimulation and may
cause convulsions 30,

When evaluating bioelectrical potentials, it was noted that
the employed concentration of lidocaine does not change
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the membrane potential of muscular fibers. Therefore, it
proves that lidocaine does not present a depolarizing action
over skeletal muscle fiber. Although lidocaine did not have
any effect over muscle fiber, the studies on bioelectri-
cal potential proved that, on the concentration employed,
this drug does interfere on miniature endplate potentials
(MEPP). Initially an increase on MEPP frequencies was veri-
fied, which can be attributed to presynaptic action increasing
the neurotransmitter release and reducing its extent, prob-
ably due to postsynaptic action.

Results show that lidocaine — at the studied concentration
and separately employed — did not compromise neuro-
muscular transmission, but increased the neuromuscular
blockage produced by rocuronium. Changes on miniature
endplate potentials indicate a presynaptic action altering
the acetylcholine quanta release. The absence of changes
on membrane potential demonstrates that on this concen-
tration, lidocaine does not have a depolarizing action over
muscle fiber and that the probable action site is at neuro-
muscular junction, particularly on motor endplate. The full
antagonism obtained with 4-aminopiridine indicates that
interaction between lidocaine and rocuronium has a pre-
synaptic component related to the acetylcholine release
decreasing. The partial antagonism of neostigmine supports
this idea, since the anticholinesterasics are only effective at
the postsynaptic blockage reversal.

It is probable that the power of local anesthetics on neuro-
muscular junction may differ between different species and,
although the extrapolation of these results to the human spe-
cies is not quantitatively similar, the clinical implications of
this interaction make evident the need to monitor neuromus-
cular blockage and also reduce the dose of neuromuscular
blockers when simultaneously used with those agents.
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RESUMEN

Loyola YCS, Braga AFA, Potério GMB, Sousa SR, Fernandes
SCA, Braga FSS - Influencia de la Lidocaina en el Bloqueo
Neuromuscular Producido por el Rocuronio. Estudio en
Preparacion Nervio Frénico-Diafragma de Raton.

JUSTIFICATIVA Y OBJETIVOS: El mecanismo de accion
de los anestésicos locales (AL) en la juncién neuromuscular
motivo la realizacion de varios estudios. Con dosis bajas, los
mismos no interfieren en la transmisién neuromuscular, altas
dosis pueden comprometer la transmision neuromuscular y
potenciar los efectos de bloqueadores neuromusculares. El
objetivo del estudio fue evaluar en diafragma de raton, la
interaccion entre la lidocaina y el rocuronio a través de la
influencia en el grado del bloqueo neuromuscular.

METODO: Fueron utilizados ratones, con peso entre 250 y
300 g. La preparacion fue montada de acuerdo con la técnica
descripta por Bulbring. Se formaron grupos (n = 5) de acuer-
do con la droga en estudio: lidocaina — 20 pg.mL-1 (Grupo I);
rocuronio — 4 pg.mL-1 (Grupo 1) y rocuronio — 4 pg.mL-1 con
lidocaina — 20 pg.mL-t (Grupo lll). Fueron evaluados: 1) la
amplitud de las respuestas del musculo diafragma a la esti-
mulacién indirecta, antes y 60 minutos después de la adicion
de la lidocaina y del bloqueador neuromuscular; 2) los poten-
ciales de membrana (PM) y potenciales de placa terminal en
miniatura (PPTM); 3) la eficacia de la neostigmina y 4) amino-
piridina en la reversion del bloqueo neuromuscular.
RESULTADOS: La lidocaina aisladamente no cambié la
amplitud de las respuestas musculares. Con el uso previo
de lidocaina, el bloqueo neuromuscular del rocuronio fue del
82,8% + 1,91%, con diferencia significativa (p = 0,0079) con
relacién al grupo con rocuronio aislado (57,8% + 1,9%). El
bloqueo fue parcial y totalmente revertido por la neostigmina
y la 4-aminopiridina, respectivamente. La lidocaina no cambio
el potencial de membrana y causé un aumento inicial en la
frecuencia de los PPTM, seguido de bloqueo.
CONCLUSIONES: La lidocaina potencié el bloqueo neuro-
muscular que el rocuronio produjo. Los cambios del PPTM
identifican una accion presinaptica. El antagonismo completo
de la 4-aminopiridina sugiere un componente presinaptico,
idea apoyada por el antagonismo parcial de neostigmina.
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