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RESUMO

Fernandes SCA, Braga AFA, Braga FSS, Loyola YCS, Souza SR,
Barcelos CC — Influéncia do Litio no Bloqueio Neuromuscular Pro-
duzido pelo Atracurio e pelo Cisatracurio. Estudo em Preparagdes
Nervo Frénico-Diafragma de Rato.

JUSTIFICATIVA E OBJETIVOS: O litio, farmaco amplamente uti-
lizado nos disturbios bipolares, pode interagir com os bloqueado-
res neuromusculares. Os mecanismos para explicar os seus
efeitos na transmissdo neuromuscular e a interagdo com bloque-
adores neuromusculares sao controversos. O objetivo deste tra-
balho foi avaliar, em diafragma de rato, os efeitos do litio sobre a
resposta muscular a estimulagao indireta e a possivel interacao
com os bloqueadores neuromusculares.

METODO: Utilizaram-se ratos com peso entre 250g e 300g, sa-
crificados sob anestesia com uretana. A preparagcao nervo frénico-
diafragma foi montada de acordo com a técnica descrita por
Bulbring. O diafragma foi mantido sob tenséo, ligado a um
transdutor isométrico e submetido a estimulagdo indireta de 0,1 Hz
de freqliéncia. As contragbes do diafragma foram registradas em
fisiégrafo. Da andlise da amplitude das respostas musculares
avaliaram-se: os efeitos dos farmacos: litio (1,5 mg.mL"); atracurio
(20 ug.mL™") e cisatracudrio (3 ug.mL') empregados isoladamente;
da associacéo litio-bloqueadores neuromusculares; e do litio no
bloqueio neuromuscular produzido pelo atracurio (35 ug.mL') e
cisatracurio (5 ug.mL?). Os efeitos foram avaliados antes e 45 mi-
nutos apds a adigdo dos farmacos. Também foram estudados os
efeitos do litio nos potenciais de membrana (PM) e potenciais de
placa terminal em miniatura (PPTM).

RESULTADOS: O litio isoladamente nao alterou a amplitude das
respostas musculares, mas diminuiu significativamente o bloqueio
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neuromuscular produzido pelo atracurio e cisatracurio. Nao alte-
rou o PM e ocasionou aumento inicial da freqiiéncia dos PPTM.

CONCLUSOES: O litio empregado isoladamente ndo comprome-
teu a transmissdao neuromuscular e aumentou a resisténcia ao efei-
to do atracdrio e cisatracurio. Ndao mostrou acdo sobre a fibra
muscular, sendo que as alteragcbes nos potenciais de placa termi-
nal em miniatura evidenciaram agao pré-sinaptica.

Unitermos: ANIMAIS: ratos; ESTABILIZADORES DO HUMOR: Litio;
BLOQUEADORES NEUROMUSCULARES, nao despolarizantes:
atracurio, cisatracurio.

SUMMARY

Fernandes SCA, Braga, AFA, Braga FSS, Loyola YCS, Souza SR,
Barcelos CC — Influence of Lithium on the Neuromuscular Blockade
Produced by Atracurium and Cisatracurium. Study on Rat Phrenic
Nerve-Diaphragm Preparations.

BACKGROUND AND OBJECTIVES: Lithium is widely used for the
treatment of bipolar disorders and can interact with neuromuscu-
lar blockers. There is a controversy about the mechanisms by
which it affects neuromuscular transmission and its interaction with
neuromuscular blockers. The objective of this study was to eva-
luate, on the rat diaphragm, the effects of lithium on the muscular
response and indirect stimulation, and the possible interaction with
neuromuscular blockers.

METHODS: Rats weighing between 250 and 300 g were sacrificed
under urethane anesthesia. The phrenic nerve-diaphragm pre-
paration was assembled according to the Bulbring technique. The
diaphragm was kept under tension, connected to an isometric
transducer, and submitted to indirect stimulation with a frequency
of 0.1 Hz. The contractions of the diaphragm were registered on a
physiograph. The analysis of the amplitude of the muscular res-
ponses evaluated: the effects of the isolated drugs: lithium (1.5
mg.mL"); atracurium (20 ug.mL"’), and cisatracurium (3 ug.mL"); the
lithium-neuromuscular blockers association; and the effects of
lithium on the neuromuscular blockade produced by atracurium
(35 ug.mL") and cisatracurium (5 ug.mL"). The effects were eva-
luated before and 45 minutes after the addition of the drugs. The
effects of lithium on membrane potentials (MP) and miniature end-
plate potentials (MEPP) were also evaluated.

RESULTS: Lithium by itself did not change the amplitude of the
muscular responses, but it decreased significantly the neuromus-
cular blockade produced by atracurium and cisatracurium. It did
not change MP and caused an initial increase in MEPP.

CONCLUSIONS: Lithium by itself did not compromise neuromus-
cular transmission and increased the resistance to the effects of
atracurium and cisatracurium. It did not show any action on the
muscle fiber, and the changes in miniature end-plate potentials
indicated pre-synaptic action.

Key Words: ANIMALS: rats; MOOD STABILIZERS: Lithium; NEURO-
MUSCULAR BLOCKERS, Nondepolarizing: atracurium, cisa-
tracurium.
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INTRODUCAO

Ocarbonato de litio, amplamente utilizado em pacientes
com diagndstico de transtorno bipolar, € o principal
medicamento para prevenir as mudangas de humor '. Em-
bora muitos estudos tenham sido realizados para investigar
os efeitos do litio nas respostas musculares e sua interagéo
com os bloqueadores neuromusculares (BNM), os resulta-
dos permanecem conflitantes 28. Estudos apontam para a
interagéo entre o litio e os bloqueadores neuromusculares,
sendo observada potencializagdo ou mesmo nenhuma in-
fluéncia significativa nos efeitos desses agentes *7. A influ-
éncia do litio na sintese e/ou liberagéo de acetilcolina (Ach),
com comprometimento da transmissao neuromuscular e
consequente potencializagao na agdo dos bloqueadores neu-
romusculares despolarizantes e ndo despolarizantes, pode
ser esperada 5. O objetivo deste estudo experimental foi
avaliar o efeito do litio na transmissdo neuromuscular e a
sua influéncia no bloqueio neuromuscular produzido pelo
atracurio e pelo cisatracurio.

METODO

Trata-se de um estudo experimental e os procedimentos usados
estdo de acordo com os principios éticos na experimenta-
¢ao animal adotado pelo Colégio Brasileiro de Experimen-
tacdo Animal (COBEA) e foram aprovados pela Comisséo de
Etica em Experimentacao Animal do Instituto de Biologia da
Universidade Estadual de Campinas (UNICAMP).

Foram utilizados ratos com peso entre 250g e 300g sacri-
ficados sob anestesia com uretana. Apds sangria por
seccao dos vasos do pescogo, a preparagédo foi montada
de acordo com a técnica de Bulbring & Os hemidiafragmas
com 0s nervos frénicos correspondentes foram retirados e
fixados em cuba contendo 40 mL de solugéo nutritiva de
Tyrode com a seguinte composi¢cdo em mM: NaCl 137;
NaH,PO, 0,3; CaCl, 1,8; KCI 2,7; glicose 11; MgCl, 0,25; e
NaHCO, 11,9. A solugéo 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 esti-
mulador Grass S48.

O diafragma foi mantido por sua porg¢ao tendinosa sob ten-
sao constante (5 g) através de um fio ligado a um transdutor
isométrico Load Cell BG50 GMS, sendo submetido a estimu-
lacéo indireta de 0,1 Hz de freqliéncia e duragdo de 0,2 mseg.
As variacdes de tensdo produzidas pelas contragdes do dia-
fragma foram registradas em fisiografo Gould RS 3400.
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Para a avaliagéo dos efeitos do litio na transmissédo neuro-
muscular e sua influéncia no bloqueio neuromuscular produ-
zido pelo atracurio e pelo cisatracurio, formaram-se grupos
com 5 ratos cada e os experimentos foram realizados em 3 eta-
pas distintas: 1) efeito do litio (1,5 mg.mL") e dos BNM —
atracurio (20 pg.mL") e cisatracurio (3 pg.mL™), administra-
dos isoladamente; 2) litio e BNM administrados simultanea-
mente; 3) administracédo do litio apés obtencédo de bloqueio
neuromuscular (= a 80%) com atracurio (35 pg.mL™") e
cisatracurio (5 pg.mL"). A amplitude das respostas do mus-
culo diafragma a estimulacéo indireta foi avaliada antes e 45
minutos apds a adi¢do dos farmacos isoladamente ou as-
sociados. Utilizou-se também a preparagéo nervo frénico-
diafragma de rato (NFD) para o estudo dos potenciais de
placa terminal em miniatura e dos potenciais de membra-
na, antes e apos adicdo do litio a preparagéo.

Os resultados foram expressos em médias e desvios pa-
dréo. Para andlise estatistica foram utilizados os testes t de
Student, t de Student pareado e o teste do Sinal. Assumiu-
se um nivel de significancia de 5% (o = 5%). O poder do tes-
te foi calculado e obteve-se § > 20% (poder > 80%).

RESULTADOS

O litio, na concentracdo estudada (1,5 mg.mL") e emprega-
do isoladamente, ndo causou alteragdo na amplitude das
respostas musculares (Figura 1). O bloqueio neuromuscu-
lar produzido pelo atracurio (20 ug.mL™") e pelo cisatracurio
(8 ug.mL"), empregados isoladamente, foram respectiva-
mente 41,28% =+ 7,29% e 55,56% + 9,10% (Figuras 2 e 3).
Nas preparagdes expostas a associagao litio-atracurio e
litio-cisatracurio, obteve-se bloqueio neuromuscular de
17,74% = 7,17% € de 12,58% = 3,42%, respectivamente,
que foram significativamente menores (p < 0,05) em relacédo
aos observados nos experimentos nos quais os bloquea-
dores neuromusculares foram empregados isoladamente.
Nas preparacgdes expostas as doses maiores de bloquea-
dores neuromusculares (atracurio — 35 pg.mL" e cisatra-
curio — 5 pg.mL"), os bloqueios foram de 86,44% + 4,92%
e 86,43% =+ 3,65%, respectivamente. A adi¢édo de litio (1,5
mg.mL") & preparacdo promoveu recuperacgao significativa
(p < 0,05) na amplitude das respostas musculares (Figura
4). O litio ndo causou alteragdo nos potenciais de membra-
na. Os efeitos sobre os potenciais de placa terminal em mi-
niatura caracterizaram-se inicialmente por um aumento na
freqUéncia, observado 10 minutos apds a adig¢édo do litio,
seguido de bloqueio aos 90 minutos (Figura 5).
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Figura 1 — Efeito do Litio (1,5 mg.mL™") nas Respostas Musculares a Estimulagao Indireta em Preparagdo Nervo Frénico-Diafragma de Rato.
A = controle; B = adigao de litio; C = 45 minutos apds a adig¢ao de litio
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Figura 2 — Efeito do Atracurio Isoladamente (20 pg.mL™, superior) e de sua Associagéo ao Litio (1,5 mg.mL", inferior) nas Respostas Musculares
a Estimulacéo Indireta em Preparagdo Nervo Frénico-Diafragma de Rato.

A = controle; B = adicdo do atracurio ou associacdo atracurio e litio; C = 45 minutos apds a adigdo do atracurio ou associacao
atracurio e litio
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Figura 3 — Efeito do Cisatracurio Isoladamente (3 pg.mL", superior) e de sua Associagdo ao Litio (1,5 mg.mL", inferior) nas Respostas
Musculares a Estimulagao Indireta em Preparagéo Nervo Frénico-Diafragma de Rato.
A = controle; B = adigao do cisatracurio ou associagao cisatracurio e litio; C = 45 minutos apds a adicdo do cisatracurio ou associagao
cisatracurio e litio
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Figura 4 — Efeito do Litio (1,5 mg.mL") no Blogueio Neuromuscular Produzido pelo Atracurio (35 pg.mL", superior) e Cisatracurio (5 pg.mL", inferior).
A = controle; B = adigao do atracurio ou do cisatracurio; C = adigao do litio; D = 45 minutos apds a adigdo do litio
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Figura 5 — Efeito do Litio (1,5 mg.mL") nos Potenciais de Placa Terminal em Miniatura (PPTM) em Preparagéo Nervo Frénico-Diafragma de Rato.
A = controle; B = 10 minutos apds adigao de litio; C = 90 minutos apds adigao de litio

DISCUSSAO

Alguns farmacos podem, em concentragcbes elevadas,
comprometer a transmissdo neuromuscular ou, em baixas
concentragdes, por ocasionarem diminuicdo da margem
de seguranga da transmissdao neuromuscular, potencializar
os efeitos dos bloqueadores neuromusculares 247912, S30
varias as hipéteses para esclarecer o mecanismo de acao
do litio e a possibilidade de comprometer a transmissao
neuromuscular, assim como sua interagdo com os bloquea-
dores neuromusculares. Os dados encontrados da litera-
tura sao conflitantes, tendo sido observado em alguns
estudos inibicdo da contragdo muscular, potencializagéo ou
interacéo insignificante com os bloqueadores neuromus-
culares ou mesmo nenhum efeito na transmissdo neuro-
muscular 12467915,

Diante de resultados controversos, a finalidade do presente
trabalho foi avaliar os efeitos do litio na jungdo neuromuscu-
lar do rato; a interagdo com os bloqueadores neuromuscula-
res; e 0s provaveis mecanismos que possam elucidar esta
interacdo. Foram realizados experimentos que avaliaram as
respostas musculares e experimentos eletrofisioldgicos.
Na preparacdo neuromuscular isolada nervo frénico-diafrag-
ma de rato com estimulacao indireta, apds adi¢ao de litio
(1,5 mg.mL"), observou-se inicialmente um discreto aumen-
to das contragbes musculares, correspondendo a facilitacao
da transmissao neuromuscular, seguido de retorno para va-
lores préximos do basal. Essa agéo facilitadora da transmis-
s&o neuromuscular pode dever-se ao aumento na liberacao
de acetilcolina e refletir a agdo pré-juncional do litio. Este efei-
to, a semelhanca do relatado por outros autores, pdde ser
comprovado nos estudos eletrofisiolégicos nos quais se
observou que o litio, na concentragdo empregada, causou
inicialmente aumento na frequéncia dos potenciais de placa
terminal em miniatura (Figura 5), demonstrando aumento na
liberacdo do neurotransmissor. Esses resultados indicaram
que a liberagédo do neurotransmissor pode ser atribuida ao
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acumulo do litio nas terminagbes nervosas, resultando em
aumento no nivel do calcio intracelular .

Por outro lado, outros estudos descreveram redugdo na sin-
tese e liberagao de acetilcolina como justificativa para o efeito
potencializador do litio sobre o grau e dificuldade de reversao
do bloqueio produzido por diferentes bloqueadores neuro-
musculares 371131416 Qg resultados controversos podem
ser devidos as diferengas de método e modelos experimen-
tais empregados e, até mesmo, estar relacionados as con-
centracOes utilizadas e a forma de administracdo do litio 238,
A similaridade existente entre os pesos atdbmicos do litio e
do sddio pode ser a explicagdo para o transporte do litio,
juntamente com o sédio, para o interior da célula durante a
despolarizagéo celular. Na sequiéncia desse processo, ocor-
re uma saida mais lenta do litio em relagdo a observada
para o sédio; o litio se acumula entdo no intracelular, cau-
sando reducao mais positiva do potencial de membrana,
com reducgdo na altura do potencial de acé@o e na eficacia da
bomba sédio-potassio 13141617,

Experimentos realizados in vitro e in vivo mostraram efeitos
inibitérios do litio sobre as contragdes musculares por
estimulacao direta e indireta, com reducao concentragao-
dependente das respostas musculares e potencializagéo
dos efeitos de bloqueadores despolarizantes e nao despo-
larizantes 2. O autor sugere que o efeito inibitdrio do litio na
transmissdo neuromuscular e na contragdo muscular é me-
diado pela ativagédo dos canais de potassio sensiveis a
adenosina trifosfato (K, ) nas membranas das termina-
¢bes nervosas e musculares, efeito este ja descrito anterior-
mente °'8. A ativagéo de K,, nas membranas dos terminais
nervosos encurta a duracédo do potencial de acéo e inibe
o influxo de calcio através dos canais de calcio voltagem-
dependentes, essencial para a liberagdo de acetilcolina. Na
membrana muscular, inibe a liberagcdo do calcio do reticulo
sarcoplasmatico durante o potencial de agéo, prejudicando
0 processo de excitagdo-contragédo 192!,

Neste estudo, o litio administrado isoladamente na con-
centracéo indicada ndo causou alteracao significativa da
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transmissao neuromuscular, mas influenciou no efeito dos
bloqueadores neuromusculares. A reducédo na amplitude
das respostas musculares nas preparagdes expostas a as-
sociagdo de litio com atracurio ou com o cisatracurio foi
significativamente menor em relagdo a observada nas pre-
paragdes submetidas somente aos bloqueadores neuro-
musculares. Estes resultados podem sugerir que o litio
dificulte a agdo de alguns bloqueadores neuromusculares e,
como relatado por alguns autores, pode ser atribuido ao efei-
to deste ion 0 aumento da liberagdo de acetilcolina 102223, A
provavel resisténcia a agdo dos bloqueadores neuromuscu-
lares nas preparacdes expostas ao litio foi também confirma-
da em outros experimentos, nos quais o litio foi adicionado
a preparagao apos a obtengéo de aproximadamente 80% de
bloqueio com os diferentes bloqueadores neuromusculares.
Nesses experimentos, o litio causou reversao do bloqueio
neuromuscular com significativa recupera¢dao na amplitude
das respostas musculares, efeito similar ao observado
quando do emprego de anticolinesterasicos para reversao
de bloqueio produzido por farmacos nao despolarizantes.
Os resultados desse experimento diferiram dos descritos por
outros autores. Eles demonstraram em preparacao exposta
ao litio, potencializacdo e aumento na duragéo do bloqueio,
ou mesmo nenhuma alteragdo nos efeitos dos bloqueado-
res neuromusculares despolarizantes ou nao despolarizan-
tes 25624 Em outros estudos o litio isoladamente também
néo alterou a transmissédo neuromuscular, mas foi capaz de
potencializar o bloqueio produzido pelo pancurdnio, galami-
na e vecurdnio, sem no entanto alterar os efeitos da d-tubo-
curarina, succinilcolina e decametbnio 8.

A interacdo litio-bloqueadores neuromusculares também foi
descrita em pacientes psiquiatricos, tendo sido observado
aumento na duragéo do bloqueio neuromuscular produzido
pela succinilcolina e pelo pancurdnio #2*. Adicionalmente,
também foi observado em musculo esquelético de huma-
nos, efeito negativo do litio sobre o processo excitagdo-con-
tragao ®.

As diferentes respostas em relacédo a influéncia do litio nos
efeitos dos diferentes bloqueadores neuromusculares su-
gerem que o0 mecanismo de ag¢ado dos bloqueadores pode
néo ser idéntico. Esses resultados também podem refletir
distintos locais de ag&o do litio, pré- ou pds-sinaptico, além
de efeitos na sintese e liberagédo de acetilcolina e na redu-
¢ao no numero de receptores para acetilcolina 542,

Nos estudos eletrofisiolégicos, observou-se que o litio, na
concentracdo empregada, ndo produziu alteragbes nos po-
tenciais de membrana das fibras musculares, mantendo-se
entre 82 a 88 milivolts, ou seja, dentro dos limites da norma-
lidade. E, portanto, dificil explicar por que o litio potencializa,
dificulta ou n&o influencia no efeito de alguns bloqueadores
neuromusculares. Discute-se a possibilidade de que al-
guns desses agentes, dependendo de sua estrutura quimi-
ca, apresentem maior efeito na distribuicao celular do sédio
e do potassio. O pancurénio, devido a sua estrutura este-
roidal, exibe como muitos esterdides atividade mineralo-
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corticéide, ocasionando na célula acimulo de sédio e
deplecao de potassio, um efeito eletrofisiolégico similar ao
do litio 516.17:26,

A probabilidade de interagéo clinicamente significante com
blogueadores neuromusculares € aumentada em pacientes
que estejam fazendo uso de diversos farmacos no periodo
pré-operatdrio, com efeitos na transmissao neuromuscular
e contracdo muscular. Com base nos resultados conflitan-
tes da literatura, a importancia da interacéo do litio com os
bloqueadores neuromusculares é pouco considerada na
pratica clinica. No entanto, devido a possibilidade real de
interacdo, parece ser prudente cuidados no pré-operatério,
como monitoragdo dos niveis séricos de litio, ou até mesmo
sua interrupgao temporaria. No intra-operatorio, o uso cau-
teloso dos bloqueadores neuromusculares e a monitoracao
continua do bloqueio neuromuscular e da recuperacao da
transmissdo neuromuscular nos pacientes em terapia com
litio ou outros metais alcalinos também séao recomendados.

Influence of Lithium on the Neuromus-
cular Blockade Produced by Atracurium
and Cisatracurium. Study on Rat Phrenic
Nerve-Diaphragm Preparations

Samanta Cristina Antoniassi Fernandes, M.D.; Angélica de
Fatima de Assuncgéo Braga, TSA, M.D.; Franklin Sarmento da
Silva Braga, M.D.; Yolanda Christina S. Loyola, M.D.; Silmara
Rodrigues de Souza, Caroline Coutinho de Barcelos, M.D.

INTRODUCTION

Lithium, a drug widely used in patients with bipolar disorder,
is the main drug to prevent mood changes '. Although several
studies have been conducted to determine the effects of
lithium on muscle responses and its interaction with other
neuromuscular blockers (NMB), the results are conflicting 2.
These studies indicate that there is an interaction between
lithium and neuromuscular blockers, potentiating its effects,
or even no significant influence on those agents *7. The
influence of lithium on the synthesis and/or release of acetyl-
choline (Ach), interfering with the neuromuscular transmis-
sion and the consequent potentiation of depolarizing and
non-depolarizing neuromuscular blockers, can be expected °.
The objective of this study was to evaluate the effects of
lithium on neuromuscular transmission and its influence on
the neuromuscular blockade produced by atracurium and
cisatracurium.

METHODS

Since this is an experimental study, the procedures followed
the ethical principles on animal experiments adopted by the
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Colégio Brasileiro de Experimentagdo Animal (COBEA) and
were approved by the Ethics Committee on Animal Experi-
ments of the Instituto de Biologia of Universidade Estadual
de Campinas (UNICAMP).

Rats weighing between 250 and 300 g were sacrificed under
urethane anesthesia. After bleeding by sectioning the neck
vessels, the preparation was assembled according to the
technique of Bulbring 8 The hemidiaphragms and corres-
ponding phrenic nerves were removed and fixed in a contai-
ner with 40 mL of nutrient Tyrode’s solution with the following
composition in mM: NaCl 137; NaH,PO, 0.3; CaCl, 1.8; KCI 2.7,
glucose 11; MgCl, 0.25; and NaHCO, 11.9. The solution was
aerated constantly with carbogen (95% O, + 5% CO,) and
kept at 37°C. The nerve was placed over platinum electrodes
connected to a Grass S48 stimulator.

The diaphragm was maintained under constant tension
(5 g) by its tendinous portion through a wire connected to
a Load Cell BG50 GMS isometric transducer, undergoing
indirect stimulation of 0.1 Hz of frequency and 0.2 msec of
duration. The tension variation produced by the contractions
of the diaphragm was recorded by a Gould RS 3400 phy-
siograph.

To evaluate the effects of lithium on neuromuscular trans-
mission and its influence on the neuromuscular blockade
produced by atracurium and cisatracurium, 5 groups of rats
were used and the experiments were conducted in 3 dis-
tinct stages: 1) effects of lithium (1.5 mg.mL") and NMB —
atracurium (20 pg.mL") and cisatracurium (3 pg.mL™) adminis-
tered separately; 2) lithium and NMB administered simul-
taneously; and 3) lithium administered right after obtaining
neuromuscular blockade (> 80%) with atracurium (35 pg.mL")
and cisatracurium (5 pg.mL"). The amplitude of the respon-
ses of the diaphragm to indirect stimulation were evaluated
before and 45 minutes after the addition of the drugs sepa-

rately or in association. The rat phrenic nerve-diaphragm
(PND) was also used to study miniature end-plate potentials
and membrane potentials before and after the addition of
lithium to the preparation.

Results were expressed as mean and standard deviation.
The test t Student, paired test t Student, and Signal testing
were used for the statistical analysis. A level of 5% (o = 5%)
was considered significant. The power of the test was cal-
culated, obtaining a B > 20% (power > 80%).

RESULTS

Lithium, in the concentration used in this study (1.5 mg.mL")
and used by itself, did no cause any changes in the ampli-
tude of muscular responses (Figure 1). The neuromuscular
blockade produced by atracurium (20 pg.mL™") and cisatra-
curium (3 pyg.mL™"), used isolatedly, was 41.28% =+ 7.29%
and 55.56% + 9.10%, respectively (Figures 2 and 3). On the
preparations exposed to the association lithium-atracurium
and lithium-cisatracurium, a neuromuscular blockade of
17.74% + 7.17% and 12.58% =+ 3.42%, respectively, was
produced, which was significantly smaller (p < 0.05) than
what was observed in the experiments in which neuromus-
cular blockers were used by themselves.

In the preparations exposed to higher doses of neuromus-
cular blockers (atracurium — 35 pg.mL" and cisatracurium —
5 pg.mL"), the blockades were 86.44% + 4.92% and 86.43%
+ 3.65%, respectively. The addition of lithium (1.5 mg.mL")
to the preparation promoted a significant recovery (p < 0.05)
in the amplitude of muscular responses (Figure 4). Lithium
did not change membrane potentials. Initially, it caused an
increase in the frequency of miniature end-plate potentials,
observed 10 minutes after the addition of lithium, followed
by a blockade at 90 minutes (Figure 5).
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Figure 1 — Effects of Lithium (1.5 mg.mL") on the Muscular Response to Indirect Stimulation in the Rat Phrenic Nerve-Diaphragm Preparation.
A: control; B: addition of lithium; C: 45 minutes after the addition of lithium
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Figure 2 — Effects of Atracurium Alone (20 pg.mL", upper tracing) and its Association With Lithium (1.5 mg.mL", lower tracing) on the Muscular
Response to Indirect Stimulation in the Rat Phrenic Nerve-Diaphragm Preparation.
A: control; B: addition of atracurium or the association of atracurium and lithium; C: 45 minutes after the addition of atracurium or its
association with lithium

Figure 3 — Effects of Cisatracurium Alone (3 pg.mL", upper tracing) and its Association With Lithium (1.5 mg.mL", lower tracing) on the Muscular
Response to Indirect Stimulation in the Rat Phrenic Nerve-Diaphragm Preparation.
A: control; B: addition of cisatracurium or its association with lithium; C: 45 minutes after the addition of cisatracurium or its association
with lithium
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Figure 4 — Effects of Lithium (1.5 mg.mL") on the Neuromuscular Blockade Produced by Atracurium (35 pg.mL", upper tracing) and Cisatracurium
(5 pg.mL", lower tracing).
A: control; B: addition of atracurium or cisatracurium; C: addition of lithium; D: 45 minutes after the addition of lithium

Figure 5 — Effects of Lithium (1.5 mg.mL") on Miniature End-Plate Potentials (MEPP) in the Rat Phrenic Nerve-Diaphragm Preparation.
A: control; B: 10 minutes after the addition of lithium; C: 90 minutes after the addition of lithium

DISCUSSION has conflicting data, with studies demonstrating inhibition
of muscular contraction, potentiation or insignificant interac-
Some drugs, in high concentrations, may hinder neuromus- tion with neuromuscular blockers, and even no effects on
cular transmission or, in low concentrations, potentiate the neuromuscular transmission :2467.9-15,
effects of neuromuscular blockers by decreasing the safety In view of the controversial results, the objective of this work
margin of muscular transmission 247912 There are several was to evaluate the effects of lithium on rat neuromuscular
hypotheses to explain the mechanism of action of lithium and junction; its interaction with neuromuscular blockers, and the
the possibility to affect neuromuscular transmission, as well possible mechanisms that might elucidate this interaction.
as its interaction with neuromuscular blockers. The literature Experiments that evaluate the muscular responses and
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electrophysiological experiments were conducted. In the
isolated rat phrenic nerve-diaphragm preparation with in-
direct stimulation, after adding lithium (1.5 mg.mL") we
observed initially a discrete increase in muscular contrac-
tions, corresponding to the facilitation of the neuromuscular
transmission, followed by a return to values close to baseline.
This facilitation of the neuromuscular transmission might be
due to the release of acetylcholine, reflecting a pre-junctional
action of lithium. This effect, similar to what has been re-
ported by other authors, could be corroborated by the elec-
trophysiological studies, in which we observed that lithium,
in the concentration used in this study, initially caused an
increase in the frequency of miniature end-plate potentials
(Figure 5), demonstrating an increase in the release of the
neurotransmitter. These results indicate that the release of
the neurotransmitter could be attributed to the accumulation
of lithium in nerve endings, leading to an increase in in-
tracellular calcium 1°.

On the other hand, other studies described the reduction in
the synthesis and release of acetylcholine to justify the
potentiating effects of lithium on the degree and difficulty in
reducing the blockade produced by several neuromuscular
blockers 13711131416 The controversial results could be due
to the differences in methodology and experimental models
used, and even be related to the concentrations used and
the route of lithium administration 23,

The similarity between the atomic weights of lithium and
sodium could explain the intracellular transport of lithium,
along with sodium, during cellular depolarization. In the
sequence of this process, the extracellular transport of
lithium is slower than that of sodium; thus, lithium accumu-
lates inside the cell, causing a more positive reduction in the
membrane potential, in the height of the action potential, and
in the efficacy of the sodium-potassium pump 3141617,

In vitro and in vivo experiments demonstrated the inhibitory
effects of lithium on muscular contraction resulting from di-
rect and indirect stimulation, with a concentration-dependent
reduction of the muscular responses and potentiation of the
effects of depolarizing and non-depolarizing blockers 2.
The author suggests that the inhibitory effect of lithium on
the neuromuscular transmission and muscular contraction
is mediated by the activation of potassium channels sensi-
tive to adenosine triphosphate (K,,.) in the membranes of
nerve endings and muscle cells, which has been previously
described °'8. The activation of K, in the membranes of
nerve endings reduces the duration of the action potential
and inhibits the influx of calcium through voltage-dependent
calcium channels, essential for the release of acetylcholine.
In the muscular membrane, it inhibits the release of cal-
cium from the sarcoplasmic reticulum during the action po-
tential, hindering the excitation-contraction process.

In this study, lithium administered by itself, in the concen-
tration indicated, did not cause significant change in neuro-
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muscular transmission, but it influenced the effects of neu-
romuscular blockers. The reduction in the amplitude of the
muscular responses in the preparations exposed to the
association of lithium and atracurium or cisatracurium was
significantly smaller when compared with what was obser-
ved on the preparations exposed only to the neuromuscular
blockers. These results might suggest that lithium hampers
the action of some neuromuscular blockers and, as reported
by some authors, it can be attributed to an increase in the
release of acetylcholine by this ion 1°2223, The probable re-
sistance to the action of neuromuscular blockers in the pre-
parations exposed to lithium was also confirmed by other
experiments in which lithium was added to the preparation
after obtaining an 80% blockade with the different neuromus-
cular blockers. In those experiments, lithium reversed the
neuromuscular blockade, with a significant recovery in the
amplitude of the muscular responses, which was similar to
the effect observed when anticholinesterase agents are used
to revert the blockade produced by depolarizing drugs.

The results of these experiments do not agree with those
reported by other authors. They demonstrated, in prepa-
rations exposed to lithium, potentiation and an increase in
the duration of the blockade, or even no change at all on the
effects of depolarizing or non-depolarizing neuromuscular
blockers 25624 |n other studies, lithium alone also did not
cause any changes in the neuromuscular transmission, but
it was capable of potentiating the blockade produced by pan-
curonium, gallamine, and vecuronium, but it did not change
the effects of d-tubocurarine, succinylcholine, and decame-
thonium 56,

The interaction lithium-neuromuscular blockers was also
described in psychiatric patients, with an increase in the
duration of the neuromuscular blockade produced by succi-
nylcholine and pancuronium #24, Besides, it was also obser-
ved, in human skeletal muscle, a negative effect of lithium on
the excitation-contraction process .

The responses regarding the influence of lithium on different
neuromuscular blockers suggest that the mechanism of
action of those blockers might not be identical. These results
could also reflect different sites of action of lithium, pre or
postsynaptic, besides the effects on the synthesis and re-
lease of acetylcholine, and the reduction in the number of
acetylcholine receptors 51425,

In the electrophysiological studies, we observed that lithium,
in the concentration used in this study, did not change the
membrane potential of muscle fibers, remaining between 82
and 88 millivolts, i.e., within normal limits. Therefore, it is
difficult to explain why lithium potentiates, hampers, or does
not influence the effects of some neuromuscular blockers. It
is possible that, depending on their chemical structure, these
agents could have a greater effect on the cellular distribution
of sodium and potassium. Pancuronium, due to its steroidal
structure, has mineralocorticoid activity similar to many
steroids, causing accumulation of sodium and depletion of
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potassium in the cell, and these effects are similar to those
produced by lithium 5161726 The probability of clinically sig-
nificant interaction with neuromuscular blockers is increa-
sed in patients taking several drugs in the preoperative
period, which can affect neuromuscular transmission and
muscular contraction. Based on the conflicting results found
in the literature, the interaction of lithium with neuromus-
cular blockers is not given much importance in clinical
practice. However, due to the possibility of an interaction,
preoperative care, such as monitoring serum levels of
lithium or even its temporary suspension, seems prudent.
Intraoperatively, cautious use of neuromuscular blockers
and continuous monitoring of the neuromuscular blocka-
de and recovery of the neuromuscular transmission in pa-
tients treated with lithium or other alkaline metals are also
recommended.
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RESUMEN

Fernandes SCA, Braga AFA, Braga FSS, Loyola YCS, Souza SR,
Barcelos CC — Influencia del Litio en el Bloqueo Neuromuscular
Producido por el Atracurio y por el Cisatracurio. Estudio en Preparo
Nervio Frénico-Diafragma del Raton.

JUSTIFICATIVA Y OBJETIVOS: El litio, farmaco ampliamente uti-
lizado en los disturbios bipolares, puede interactuar con los blo-
queadores neuromusculares. Los mecanismos para explicar sus
efectos en la transmision neuromuscular y en la interaccion con
bloqueadores neuromusculares son controvertidos. El objetivo de
este trabajo fue evaluar, en diafragma de raton, los efectos del litio
sobre la respuesta muscular al estimulo indirecto y la posible
interaccion con los bloqueadores neuromusculares.

METODO: Se utilizaron ratones con peso entre 250 y 300 g, sa-
crificados bajo anestesia con uretana. La preparacion nervio fré-
nico-diafragma se montd de acuerdo con la técnica de Bulbring. El
diafragma se mantuvo bajo tension, ligado a un transductor
isométrico y sometido a la estimulacion indirecta de 0,1 Hz de
frecuencia. Las contracciones del diafragma fueron registradas en
un fisiografo. Del anélisis de la amplitud de las respuestas muscu-
lares se evaluaron los efectos de los farmacos: litio (1,5 mg.mL™");
atracurio (20 ug.mL™) y cisatracurio (3 ug.mL') empleados aisla-
damente; de la asociacion litio-bloqueadores neuromusculares; y
del litio en el bloqueo neuromuscular producido por el atracurio (35
pg.mL?) y cisatracurio (5 pg.mL"). Los efectos se evaluaron antes
y 45 minutos después de la adicion de los farmacos. También se
estudiaron los efectos del litio en los potenciales de membrana
(PM) y potenciales de placa terminal en miniatura (PPTM).
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RESULTADOS: El litio aisladamente no alteré la amplitud de las CONCLUSIONES: El litio empleado aisladamente no comprometio

respuestas musculares, pero si que redujo significativamente el la transmision neuromuscular y aumento la resistencia al efecto del
bloqueo neuromuscular producido por el atracurio y el cisatracurio. atracurio y del cisatracurio. No mostro accion sobre la fibra mus-
No alteré el PM y ocasiond un aumento inicial de la frecuencia de cular, siendo que las alteraciones en los potenciales de placa ter-
los PPTM. minal en miniatura mostraron una accion presindptica.
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