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RESUMO

Barcelos CC, Braga AFA, Braga FSS, Potério GB, Fernandes SCA,
Franco YO, Simioni LR — Efeitos Neuromusculares In Vitro e In Vivo
do Atracurio e do Rocurénio em Ratos Submetidos a Tratamento de
Sete Dias com Carbamazepina.

JUSTIFICATIVA E OBJETIVOS: Trata-se de um estudo experi-
mental que investigou in vitro e in vivo o bloqueio neuromuscular
produzido pelo rocurénio e atractrio em ratos tratados com car-
bamazepina e determinou as concentracbes de citocromo P450 e
b5 redutase em microssomos hepaticos.

METODO: Ratos foram tratados por sete dias com carbamazepina
(CBZ) — 40 mg.kg* pelo método de gavagem e sacrificados no oi-
tavo dia sob anestesia com uretana. As preparagdes in vitro e in
vivo foram montadas de acordo com as técnicas de Bulbring e de
Leeuwin e Wolters, respectivamente. As concentragfes e doses
utilizadas dos bloqueadores nas preparag¢ées in vitro e in vivo fo-
ram, respectivamente, 20 ug.mL* e 0,5 mg.kg* para atracurio (ATC);
4 ug.mL* e 0,6 mg.kg* para rocurénio (ROC). Cada protocolo teve
um n =5 e as respostas foram observadas por 60 minutos. Os efei-
tos do ATC e ROC foram avaliados nas preparagées de ratos tra-
tados (Cbz,) e comparados com 0s observados nas de ratos
nédo-tratados (CBZ_). As concentragbes de citocromo P450 e b5
redutase foram determinadas em microssomos isolados de figados
de ratos tratados (CBZ) e comparadas com as obtidas em ratos
néo tratados (CBZ_).

RESULTADOS: A carbamazepina ndo alterou a amplitude das res-
postas musculares; in vitro e in vivo, ndo houve diferenca entre o
bloqueio neuromuscular produzido pelo atracurio nas preparacdes
CBZ, versus CBZ_, o bloqueio neuromuscular produzido pelo rocu-
rénio nas preparag6es CBZ, foi potencializado in vitro. A carbama-
zepina ndo alterou as concentragbes de citocromo P450 e b5.
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CONCLUSOES: O tratamento por sete dias com carbamazepina ndo
influenciou no bloqueio produzido pelo atractrio, e alterou in vitro os
efeitos do rocurénio. O tempo de tratamento ndo foi suficiente para
causar indugdo enzimética e diminuir a sensibilidade ao rocurénio.

Unitermos: ANIMAIS: ratos; ANTICONVULSIVANTE: carbamazepina;
BLOQUEADORES NEUROMUSCULARES, adespolarizante: atracurio,
rocurdnio.

SUMMARY

Barcelos CC, Braga AFA, Braga FSS, Potério GB, Fernandes SCA,
Franco YO, Simioni LR — In Vitro and In Vivo Neuromuscular Effects
of Atracurium and Rocuronium in Rats Treated with Carbamazepine
for Seven Days.

BACKGROUND AND OBJECTIVES: This experimental study
investigated the in vitro and in vivo neuromuscular blockade of
rocuronium and atracurium in rats treated with carbamazepine and
determined the concentration of cytochrome P450 and b5 reductase
in hepatic microsomes.

METHODS: Rats were treated with carbamazepine (CBZ) — 40
mg.kg? by gavage and sacrificed on the eighth day under anesthe-
sia with urethane. In vitro and in vivo preparations followed the
techniques of Bulbring and Leeuwin and Wolters, respectively.
Concentrations and doses of the neuromuscular blockers used in
in vitro and in vivo preparations were, respectively, 20 ug.mL* and
0.5 mg.kg for atracurium (ATC); and 4 ug.kg* and 0.6 mg.kg* for
rocuronium (ROC). Each protocol had an n = 5 and the response
was observed for 60 minutes. The effects of ATC and ROC were
evaluated in the preparations of rats treated with carbamazepine
(CBZz) and compared to those of non-treated rats (CBZ_). The
concentration of cytochrome P450 and b5 reductase were
determined in hepatic chromosomes of rats treated with carbama-
zepine (CBZ) and non-treated rats (CBZ_).

RESULTS: Carbamazepine did not change the amplitude of neu-
romuscular response; differences in the neuromuscular blockade
produced by atracurium in CBZ, preparations were not observed,
in vitro or in vivo, when compared with CBZ_; the neuromuscular
blockade produced by rocuronium in CBZ, preparations was
potentiated in vitro. Carbamazepine did not change the concentra-
tions of cytochrome P450 and b5.

CONCLUSIONS: Seven-day treatment with carbamazepine did not
change the neuromuscular blockade produce by atracurium, but
altered the in vitro effects of rocuronium. The duration of the
treatment was not enough to cause enzymatic induction and
decrease the sensitivity to rocuronium.

Key Words: ANIMALS, rats; ANTICONVULSANTS, carbamazepine;
NEUROMUSCULAR BLOCKERS, non-depolarizing: atracurium, ro-
curonium.
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INTRODUCAO

Muitos sdo os farmacos utilizados nos periodos pré ou
perioperatério que podem interferir na transmissao neuro-
muscular ou nas caracteristicas farmacocinéticas e farmaco-
dindmicas dos blogqueadores neuromusculares, dificultando
ou potencializando o efeito dos mesmos. Entre os farmacos
gue podem alterar os efeitos dos bloqueadores neuro-
musculares encontram-se 0s anestésicos locais, agentes
anestésicos volateis, antibiéticos aminoglicosideos, anti-
convulsivantes, antidisritmicos, magnésio, litio, bloqueado-
res de canais de célcio e outras 7.

Os anticonvulsivantes sdo muito utilizados no tratamento
de epilepsia, transtorno bipolar e varias formas de neu-
ropatias. Dentre os mais indicados estdo a fenitoina, a
vigabatrina, a carbamazepina, o valproato, o fenobarbital e
a lamotrigina &!2. O bloqueio de canais de so6dio voltagem-
dependentes é o mecanismo primério de acdo desses
agentes. Ha reducdo da excitabilidade elétrica das membra-
nas celulares, necesséaria para a geragdo de um potencial
de acdo °. Além disso, por inibirem a GABA transaminase,
potencializam a inibicdo sinaptica mediada pelo GABA &1
Alguns desses farmacos parecem atuar por meio de um ter-
ceiro mecanismo, que consiste em inibi¢do dos canais de
célcio do tipo L e em outros subtipos de canais de calcio
voltagem-dependentes 819,

A carbamazepina, derivada dos agentes antidepressivos
triciclicos e eficaz no tratamento de crises parciais comple-
xas é também utilizada no tratamento de varios tipos de dor
neuropatica, incluindo a de origem diabética 2. Atualmen-
te € um dos agentes antiepiléticos mais utilizados, sendo
algumas vezes Util no tratamento da doenca maniaco-de-
pressiva 8.

Embora inUmeros estudos tenham sido realizados para in-
vestigar os efeitos dos anticonvulsivantes nas respostas
musculares e sua interagdo com bloqueadores neuromus-
culares, os resultados ainda sdo conflitantes. Alguns estu-
dos mostraram que os anticonvulsivantes modificam as
respostas aos bloqueadores neuromusculares, potencia-
lizando, diminuindo ou mesmo néo alterando os seus efei-
tos 1319, Portanto, o estudo dessas interagdes pode ser
interessante na pratica anestésica ou em pacientes criti-
cos. O estudo realizado em ratos tratados (CBZ,) ou nédo
(CBZ,) com carbamazepina, por um periodo de sete dias,
teve por objetivo avaliar in vitro e in vivo o efeito da carba-
mazepina na transmissdo neuromuscular e a sua influén-
cia no bloqueio neuromuscular produzido pelo atracurio e
pelo rocurdnio, bem como as concentra¢des de citocromo
P450 e b5 redutase em microssomos hepaticos.

METODO
Trata-se de estudo experimental in vitro e in vivo e 0s pro-

cedimentos usados estédo de acordo com os principios éticos
na experimentacdo animal adotado pelo Colégio Brasileiro
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de Experimentagdo Animal (COBEA) e foram aprovados pela
Comissdo de Etica em Experimentacdo Animal do Instituto
de Biologia da Universidade Estadual de Campinas. Foram
utilizados ratos machos de linhagem Wistar, com peso entre
180 e 250 g, fornecidos pelo Biotério Central da Unicamp,
Campinas (SP). Os animais foram tratados por sete dias
com carbamazepina (40 mg.kg?) pelo método da gavagem,
mantidos em gaiolas, em temperatura e iluminagdo contro-
lada (12 horas claro e 12 horas escuro) e receberam agua
e racao ad libitum.

Estudo das respostas musculares

Para o estudo in vitro, utilizou-se a preparagao nervo frénico-
hemidiafragma de rato (NFD). Os animais (n = 5), sob anes-
tesia com uretana (1,2 mg.kg?, via intraperitonial), foram
sacrificados no oitavo dia ap6s tratamento com carba-
mazepina e a preparagdo foi montada de acordo com a téc-
nica descrita por Bulbring 2. Os hemidiafragmas com os
nervos frénicos correspondentes foram retirados e fixados
em cuba, contendo 40 mL de solucao nutritiva de Tyrode
com a seguinte composi¢do mM: NaCl 137; KCI 2,7; CaCl,
1,8; NaHCOQ, 11,9; MgCl, 0,25; NaH,PO, 0,3 e glicose 11. A
preparacao 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 por¢éo tendinosa sob
tensdo constante (5 g) por meio de um fio ligado a um trans-
dutor isométrico Load Cell BG50 GMS, e submetido a es-
timulac&o indireta de 0,1 Hz de frequéncia e duragdo de 0,2
mseg e as respostas musculares foram registradas em
fisibgrafo Gould RS 3400.

Para o estudo in vivo, a preparacédo foi montada segundo
técnica proposta por Leeuwin e Wolters 2. Os ratos foram
anestesiados com uretana (1,2 mg.kg?), submetidos a tra-
gqueostomia e mantidos em ventilagdo mecénica com res-
pirador Hugo Basile (mod. 7025), regulado para manter
volume corrente de 1,2 mL.kg?* de peso corporal e freqiién-
cia respiratoria de 70 movimentos/min. Apés a dissecgdo e
seccdo do tenddo do musculo tibial anterior e do nervo is-
quiatico foi realizada a trepanacéo da tibia para a fixagao do
membro a uma base de cortica. O tenddo do musculo tibial
anterior foi conectado a um transdutor isométrico (BG 50g)
e este ao fisidgrafo (Gould RS 4300). O coto distal do nervo
isquiatico foi estimulado (estimulador Grass S48) por meio
de eletrodos nele fixados, utilizando-se estimulos supra-
maximais de 0,2 ms de duragéo e freqiéncia de 0,5 Hz.
ApoOs o registro da resposta-controle e a verificagdo do per-
feito estado da preparacéo, atracurio e rocurdnio foram in-
jetadas na veia peniana.

No estudo in vitro, as concentra¢cdes empregadas de atra-
curio e rocurdnio foram de 20 pg.mL* e 4 pg.mL?, respecti-
vamente; em in vivo foram utilizadas doses de 0,5 mg.kg*
e 0,6 mg.kg?, respectivamente. As concentragfes utilizadas
foram escolhidas com base no grau de bloqueio produzido
pelas drogas, apds a realizagdo de curva dose-resposta
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(ndo mostrado). As respostas musculares a estimulagéo
indireta foram registradas antes e a cada 15 minutos, duran-
te 60 minutos apds a administracéo da droga estudada.

Nas preparacg®es in vitro e in vivo foram avaliadas: 1) am-
plitude das respostas musculares em preparagéo de ratos
tratados com a carbamazepina; 2) o efeito do atracurio e do
rocurdnio nas respostas musculares em preparagdes de
ratos tratados (CBZ) ou néo (CBZ_) com carbamazepina.

Estudo das concentragdes de citocromo P450 e b5
redutase

Para a determinacdo das concentracdes de citocromo P450
e b5 redutase nos microssomos hepaticos, foram utilizados
figados retirados dos ratos CBZ, (G2), empregados para o
estudo das respostas musculares in vitro e in vivo. Consti-
tuiu-se um grupo-controle — G1 (CBZ_, n = 5) que recebeu
apenas solucao fisiologica durante sete dias. Foi executa-
do o seguinte procedimento: exposicdo do figado apos in-
cisdo ventral; com auxilio de um cateter, foram injetados
50 mL de solugéo fisioldgica sem heparina no ventriculo car-
diaco, até o figado obter uma colorag¢édo esbranquicada,
qguando foi retirado e congelado em nitrogénio liquido. Fo-
ram isolados microssomos hepaticos a partir de figados in-
dividuais. Os tecidos foram homogeneizados a mao com
tampao fosfato de potassio que foi centrifugado a 10.000 x g
por 20 minutos (Centrifuga Beckman Avanti J-20 XPI). O
sobrenadante foi coletado e ultracentrifugado a 100.000 x g
por 1 hora. Os microssomos foram armazenados em free-
zer a -80°C para posterior dosagem de proteinas totais, em
que foi utilizado o método colorimétrico de Bradford (1976)
tendo o BSA como padréo. As concentragdes especificas de
citocromo P450 e b5 foram determinadas, utilizando-se a
concentracdo de b5 com NADH (1 mM) como redutor e a
concentracdo de P450 com DTN (2mM) como redutor e CO
(monoxido de carbono) como ligante. Para analise, utilizou-
se um espectrofotdbmetro de placas (Biotek Powerwave 2).
As concentragdes dos citocromos foram calculadas segun-

do a formula de Lambert-Beer (A/C.L.g), e relacionadas com

a concentragdo de proteinas totais da amostra de microsso-

mos. Em que:

A= delta absorbéancia;

€= absorbéancia especifica: P450 = 91/mM cm e b5 = 112/
mM cm;

L = pista Optica da cubeta, cm;

C = concentracdo de proteinas microssomais (mg protei-
na.mL?).

Os resultados foram expressos em média e desvios-padrao.

A amplitude das respostas musculares foi comparada

antes e 60 minutos apo6s a administracdo dos farmacos.

As concentragBes de P450 e b5 redutase obtidas em figa-

dos de ratos previamente tratados com carbamazepina

(CBZ) foram comparadas com as do grupo-controle (solu-

¢ao fisiologica, CBZ_). Utilizou-se o teste t de Student, as-

sumindo-se o nivel de significancia de 5% (o = 5%). O

poder do teste foi calculado e obteve-se B > 20% (poder >

80%).

RESULTADOS

Das respostas musculares

Nas preparacg@es in vitro (nervo frénico — diafragma de rato)
e in vivo (nervo isquiatico popliteo externo — musculo tibial
anterior) de ratos expostos a carbamazepina (40 mg.kg?),
ndo houve alteragdes significativas na amplitude das res-
postas musculares a estimulacéo indireta (Figuras 1 e 2).
In vitro, o bloqueio neuromuscular produzido pelo atracurio
nas prepara¢des de ratos tratados (CBZ) foi 70,0 + 8,16%,
sem diferencga significativa em relagdo ao obtido (74,7 +
5,05%) nas preparagdes de ratos n&o-tratados (CBZ) (Fi-
gura 3).

Em relag&o ao rocuronio, nos ratos CBZ, o blogueio neuro-
muscular foi de 85,3 + 17,52% versus 59,7 + 20,1% nos
CBZ_, com diferenca estatisticamente significativa (p =
0,0003) (Figura 4).

Figura 1 — Respostas Musculares a Estimulacgéo Indireta em Preparacéo Nervo Frénico-Diafragma de Ratos Tratados com Carbamazepina (40

mg.kg-1) durante Sete Dias.
A = inicio de estimulacéo; B = 60 minutos de estimulacéo.
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Figura 2 — Respostas Musculares & Estimulacéo Indireta em Preparacdo Nervo Isquiatico — Masculo Tibial Anterior de Ratos Tratados com

Carbamazepina (40 mg.kg-1), durante Sete Dias.
A = inicio de estimulagéo; B = 60 minutos de estimulacéo.
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Figura 3 - Efeito do Atracurio (20 pg.mL?) nas Respostas Musculares a Estimulag&o Indireta em Preparagdo Nervo Frénico-Diafragma de Ratos

Tratados (superior) e Ndo-Tratados com Carbamazepina (40 mg.kg™ -

inferior).

A = inicio de estimulagéo; B = adicéo de atracurio; C = 60 minutos de estimulagdo.

Nos experimentos in vivo, o bloqueio neuromuscular produ-
zido pelo atracurio, em ratos CBZ, foi 56,87 + 9,73%, sem
diferenca significativa em relacéo ao obtido (56,5 + 12,0%)
em ratos CBZ_ (Figura 5).

Nos ratos CBZ,, o blogueio neuromuscular produzido pelo
rocurbnio foi de 78,9 + 18,39%, sem diferenca significativa
em relacéo aos ratos CBZ_ (65,8 + 6,92%) (Figura 6).
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Das concentragdes de citocromo P450 e

b5 redutase

As concentragdes de citocromos P450 e b5 redutase em
microssomos hepaticos nos dois grupos (CBZ_ e CBZ) fo-
ram: CBZ_, (0,43 e 0,45 nmol/mg proteina, respectivamente);
CBZ, (0,39 e 0,37 nmol.mg™ proteina, respectivamente), sem
diferenca significativa (Figura 7).
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Figura 4 — Efeito do Rocurdnio (4 pg.mL™) nas Respostas Musculares a Estimulacéo Indireta em Preparagdo Nervo Frénico—-Diafragma de
Ratos Tratados (superior) e Nao-Tratados com Carbamazepina (40 mg.kg* - inferior).
A = inicio de estimulagado; B = adi¢&o de rocurénio; C = 60 minutos de estimulagao.
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Figura 5 — Efeito do Atracurio (0,5 mg.kg?) nas Respostas Musculares a Estimulagéo Indireta em Preparacdo Nervo Isquiatico Popliteo Externo
— Musculo Tibial Anterior de Ratos Tratados (superior) e Nao-Tratados com Carbamazepina (40 mg.kg* - inferior).
A = inicio de estimulagéo; B = injecéo de atracurio; C = 60 minutos de estimulagdo.
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Figura 6 — Efeito do Rocurdnio (0,6 mg.kg?) nas Respostas Musculares & Estimulacéo Indireta em Preparacédo Nervo Isquiatico Popliteo Externo
— Musculo Tibial Anterior de Ratos Tratados (superior) e Nao-Tratados com Carbamazepina (40 mg.kg* - inferior).
A = inicio de estimulacéo; B = inje¢do de rocurdnio; C = 60 minutos de estimulagao.
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Figura 7 — Concentracdo de Citocromos P450 e b5 redutase em
Microssomos de Ratos. Em CBZ_ (G1) — solugéo fisiologica;
CBZ, (G2) — tratamento com carbamazepina (40 mg.kg™).

DISCUSSAO

Ha evidéncias de que as propriedades farmacocinéticas e
farmacodindmicas dos bloqueadores neuromusculares
podem ser modificadas por fatores como idade, estado acido-

béasico, temperatura, certas patologias (queimaduras, doen-
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¢as do neurdnio motor superior e inferior) e farmacos 7.
Entre os farmacos utilizados nos periodos pré ou periope-
ratorio, alguns podem atuar de forma isolada ou nao na
transmissdo neuromuscular, assim como séo capazes de
potencializar ou atenuar o efeito dos bloqueadores neuro-
musculares.

As mudangas nas respostas desses farmacos podem ser
decorrentes de alterag8es na sua distribuicdo, metabolismo
e eliminagdo, assim como no nivel de jungdo neuromuscular
proximal ao sistema nervoso central ou ha membrana mus-
cular. Na juncdo neuromuscular, a interacdo pode dever-se
a acdo no terminal nervoso, na fenda singptica ou na mem-
brana pds-sinaptica, com conseqliente alteragdo no poten-
cial de acdo do nervo, na sintese, liberagdo ou hidrélise
enzimatica da acetilcolina, no efluxo de calcio, ou mesmo
por alteracdo no nimero e na sensibilidade dos receptores
nicotinicos, além de poder causar bloqueio ndo-competiti-
vo de canais idnicos. Esses fatores influenciam na farma-
cologia dos bloqueadores neuromusculares, aumentando
ou diminuindo e prolongando ou encurtando o bloqueio neu-
romuscular 615:20. 25-26,

Entre esses farmacos, os anticonvulsivantes, muito utiliza-
dos no tratamento da epilepsia, transtorno bipolar, neural-
gia trigeminal e neuropatia diabética &!2, podem por si s6
agir na juncéo neuromuscular, alterar ou mesmo nao inter-
ferir nas propriedades farmacodinamicas e farmacocinéti-
cas dos bloqueadores neuromusculares 1¥1°253%_ Do ponto
de vista farmacoldgico e clinico, a carbamazepina asseme-
Iha-se a fenitoina, porém com menos efeitos indesejaveis
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e, embora eficaz e util no tratamento de crises parciais com-
plexas, & também empregada no tratamento de varios tipos
de dor neuropatica. Entre os efeitos adversos é freqliente a
fraqueza muscular, que pode resultar da diminui¢cdo espon-
tdnea ou evocada na libera¢do quantal de acetilcolina °32.
Além disso, esses farmacos também atuam na membrana
do terminal nervoso, de modo similar ao curare *. E um po-
tente indutor de enzimas microssomais hepéticas; por con-
seguinte, ocorrem muitas interag6es medicamentosas por
acelerar o metabolismo de muitos farmacos, tais como an-
ticoncepcionais orais, corticosterdides, fenitoina, varfarina e
bloqueadores neuromusculares, sobretudo os aminoeste-
réides 69192425, Embora a inibicdo dos canais de calcio e dos
receptores de glutamato esteja envolvida na a¢do de mui-
tas drogas anticonvulsivantes, o principal mecanismo de
acdo da carbamazepina parece dever-se ao comprometi-
mento da excitabilidade das membranas por meio de uma
acao inibitoria dos canais de sddio voltagem-dependentes
gue transportam a corrente para o interior da célula, neces-
séria para a geracdo de um potencial de agdo °%.

O atracurio, bloqueador neuromuscular ndo-despolarizante
do grupo benzilisoquinoleinico, consiste em uma mistura
racémica de dez estereoisébmeros. Apresenta metaboliza-
¢éo plasmaética, que inclui hidrolise por esterases inespe-
cificas e uma autodegradacdo denominada eliminacao de
Hofmann, pH e temperatura-dependentes, o que constituiu
grande avanco pelo fato de sua degradacédo ndo ser afeta-
da por disfun¢des organicas. O rocurdnio € um bloqueador
neuromuscular ndo-despolarizante, aminoesteroéide e, ao
contrario do observado para o atracurio, seu término de acao
depende principalmente dos processos de distribui¢cao,
captacao hepética seguido de eliminagéo inalterado que é
predominantemente biliar *.

Estudos anteriores °, utilizando preparagdes nervo-mus-
culo in vitro, modelos animais in vivo e ensaios clinicos em
humanos, mostraram que o bloqueio neuromuscular pro-
duzido por diferentes bloqueadores neuromusculares,
como a d-tubocurarina, o vecurénio e o rocurdnio, é poten-
cializado pela administracdo aguda de vérios farmacos
anticonvulsivantes. A potencializagdo do blogueio neuromus-
cular preexistente, ocasionada pela administracdo aguda do
anticonvulsivante, pode ser atribuida ao fato de esses far-
macos competirem com os bloqueadores neuromusculares,
deslocando-os dos sitios de ligagdo nas proteinas plasma-
ticas com conseqiiente aumento da fracao livre ativa *°.
Outros mecanismos foram descritos na tentativa de es-
clarecer essa potencializagéo, tendo sido observado que
algumas drogas antiepilépticas exercem efeitos bloque-
adores pré e pds-juncional, estabilizadores de membra-
na neuronal, alterando o fluxo transmembrana de ions
sédio, potassio e célcio, além de reduzir a sintese e a libe-
ragdo de acetilcolina 7%, Entretanto, estudos prévios tém
demonstrado que a excegdo do atracurio e do mivacurio, a
poténcia e a duragdo de a¢do da maioria dos bloqueadores
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neuromusculares sao reduzidas em pacientes em uso cro-
nico de anticonvulsivantes, como a carbamazepina e a
fenitoina 15,25-27,29,41l

Nesse estudo, nos dois tipos de experimentos, observou-
se que a carbamazepina na concentracdo empregada néo
alterou de forma significativa a amplitude das respostas
musculares, resultados contrarios aos da literatura que
mostraram efeitos depressores diretos da carbamazepina
na juncéo neuromuscular ®. Alderdice e Trommer * estuda-
ram os efeitos de diferentes anticonvulsivantes na jungéo
neuromuscular de sapo e observaram que, ao contrario do
fenobarbital, a carbamazepina ocasionou diminuigcdo na li-
beracdo do neurotransmissor com consequente diminui¢do
na amplitude do potencial de placa terminal.

Os efeitos do atracurio tanto em preparagéo in vivo como in
vitro ndo foram influenciados pela carbamazepina. A influén-
cia de anticonvulsivantes no bloqueio neuromuscular produ-
zido pelo atracurio é ainda controversa. Alguns autores
observaram que pacientes tratados cronicamente com fe-
nitoina e carbamazepina ndo apresentaram resisténcia ao
atracurio 17?542 resultados contrarios ao relatado por Tem-
pelhoff e col. %, que descreveram menor duracéo de agéo
do atracurio em pacientes epilépticos em uso de fenitoina
e/ou carbamazepina. Os diferentes resultados observados
podem ser atribuidos as metodologias empregadas e aos
variados tempos de exposi¢do as drogas anticonvulsi-
Vantes 16'17’25’42.

Nesse estudo, o periodo de sete dias ndo foi suficiente para
produzir inducéo enzimatica, mas, de acordo com estudos
anteriores, a explicagdo para o atracurio nao ter seus efei-
tos alterados por anticonvulsivantes nao esta relacionada
com a alteracdo no metabolismo hepético, uma vez que sua
metabolizacédo é 6rgdo-independente 172543,

Em relacdo aos resultados obtidos com o rocurdnio in vitro,
ao contrario dos experimentos in vivo, observou-se maior
grau de bloqueio neuromuscular nas preparacfes de ratos
tratados com carbamazepina em compara¢do com o obtido
nos nao-tratados, comportamento similar ao relatado na ex-
posicéo aguda aos anticonvulsivantes 34°. Esses resultados
diferentes dos da literatura podem ser explicados pelo fato de
sete dias ndo terem sido suficientes para causar alteracdes
na jungdo neuromuscular, assim como indugdo enzimatica,
capazes de ocasionar menor grau e menor duragao de blo-
queio neuromuscular produzido pelos bloqueadores
neuromusculares, sobretudo os aminoesterdides.

Ha evidéncias de que pacientes cronicamente tratados com
anticonvulsivantes, apresentam menos sensibilidade aos
bloqueadores neuromusculares aminoesterdides. Essa
sensibilidade diminuida aos bloqueadores neuromuscula-
res nao esta claramente estabelecida. A etiologia dessa
interacdo parece ser multifatorial e alguns possiveis meca-
nismos podem estar envolvidos: indu¢do enzimatica com
aumento do metabolismo hepatico e clearance, aumentada
inativacdo e eliminacdo dessas drogas; aumento na con-
centracdo de o, -glicoproteina acida, resultando em maior li-
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gacao protéica, menor fracdo livre de drogas catidnicas e
alteracdo na distribuicdo; menor sensibilidade do receptor
a acetilcolina; proliferacdo de receptores na membrana
muscular 6,13,17,19,25,32,34,41,44-50.

A tentativa de correlacionar resultados obtidos in vitro com
a clinica é tarefa dificil; por isso, os ensaios in vivo foram
realizados, pois sdo mais apropriados ao estudo farmaco-
I6gico de drogas, em que pesem as diferengas entre ensai-
0s experimentais e clinicos.

Os resultados permitem concluir que o tempo de exposi-
¢do a carbamazepina foi insuficiente para causar indugéo
enziméatica e/ou altera¢des que dificultassem os efeitos dos
bloqueadores neuromusculares. Pode-se inferir, portanto,
que tenha ocorrido uma interagcado aguda sinérgica entre a
carbamazepina e o rocurdnio, o que justifica 0 maior grau de
blogueio neuromuscular e a importancia de se monitorar a
transmissdo neuromuscular quando do uso concomitante
de bloqueadores neuromusculares e carbamazepina.

In Vitro and In Vivo Neuromuscular
Effects of Atracurium and Rocuronium
in Rats Treated with Carbamazepine for
Seven Days

Caroline Coutinho de Barcelos, M.D.; Angélica de Fatima de
Assuncdo Braga, TSA, M.D.; Franklin Sarmento da Silva Braga,
M.D.; Gloria Braga Potério, TSA, M.D.; Samanta Cristina
Antoniassi Fernandes, M.D.; Yoko Oshima Franco, M.D.; Léa
Rodrigues Simioni, M.D.

INTRODUCTION

Several drugs used in the pre or perioperative period can in-
terfere with the neuromuscular transmission or with the
pharmacokinetic and pharmacodynamic characteristics of
neuromuscular blockers, decreasing or potentiating their
effects. Among the drugs that could alter the effects of neu-
romuscular blockers are local anesthetics, inhalational
anesthetics, aminoglycosides, anticonvulsants, antiarrhyth-
mic agents, magnesium, lithium, calcium channel blockers
and others 7.

Anticonvulsants are widely used in the treatment of seizures,
bipolar disorder and different forms of neuropathy and
among those used more often are phenytoin, vigabatrin,
carbamazepine, valproates, phenobarbital and lamotrigi-
ne 812, The blockade of voltage-gated sodium channels re-
presents the primary action of those agents. It reduces the
electrical excitability of cell membranes necessary to ge-
nerate an action potential °. Additionally, due to the inhibition
of GABA transaminase, they potentiate the synaptic inhibi-
tion mediated by GABA &%, |t seems that the action of some
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of those drugs occurs via a third mechanism, the inhibition
of type L calcium channels and other subtypes of voltage-
gated calcium channels 81,

Carbamazepine, a derivative of tricyclic antidepressants, is
effective in the treatment of partial complex seizures and it is
also used in the treatment of different types of neuropathic
pain including diabetic neuropathic pain 2. Currently, it is one
of the most used anticonvulsant agent and occasionally it is
also useful in the treatment of manic-depressive disorder 8.
Although several studies have investigated the effects of
anticonvulsants in the neuromuscular response and their
interaction with neuromuscular blockers, the results are con-
flicting. Some studies have demonstrated that anticonvul-
sants modify the response to neuromuscular blockers,
potentiating, decreasing, or not interfering with it 3%, The-
refore, the study of those interactions can be interesting in the
anesthetic practice or in critical patients. The present study
was done in rats treated with carbamazepine for seven days
(CBZ) and non-treated (CBZ_) rats and its objective was to
evaluate, in vitro and in vivo: the effects of carbamazepine on
the neuromuscular transmission and its influence on the neu-
romuscular blockade produced by atracurium and rocuro-
nium; and determine the concentrations of cytochrome P450
and b5 reductase in hepatic microsomes.

METHODS

This is an in vitro and in vivo experimental study and the
procedures are in accordance with the ethical principles for
animal experiments of the Colégio Brasileiro de Experimen-
tacdo Animal (COBEA) and were approved by the Ethics
Commission on Animal Experiments of the Instituto de Bio-
logia of the Universidade Estadual de Campinas. Male Wistar
rats weighing 180 to 250 g, provided by the Biotério Central
da Unicamp, Campinas (SP) were used in this study. Ani-
mals were treated with carbamazepine by gavage for seven
days, they were kept in cages with controlled temperature
and illumination (12 hours light and 12 hours darkness) and
received water and food ad libitum.

Study of the neuromuscular response

For the in vitro study, the rat phrenic nerve-hemidiaphragm
(FND) was used. Animals (n = 5) were sacrificed under anes-
thesia with urethane (1.2 mg.kg?, intraperitoneal) on the
eighth day and prepared according to the technique des-
cribed by Bulbring #. The hemidiaphragms, along with the
corresponding phrenic nerves, were removed and preserved
in a bowl containing 40 mL of Tyrode’s solution with the fol-
lowing in mM composition: NaCl 137; KCI 2.7; CacCl, 1.8;
NaHCO, 11.9; MgCl, 0.25; NaH,PO, 0.3; and glucose 11. The
preparation was constantly aired with carbogen (95% O, +
5% CO,) and maintained at 37° C. The nerve was placed on
platinum electrodes connected to a Grass 548 stimulator.
The diaphragm was under constant tension (5 g), with its
tendinous connected to a wire and that to an isometric Load
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Cell BG50 GMS transducer and subjected to indirect sti-
mulation of 0.1 Hz for 0.2 msec, and muscular responses
were recorded in a Gould RS 3400 physiographer.

The technique proposed by Leeuwin and Wolters 2 was used
for the in vitro study. Rats were anesthetized with urethane
(1.2 mg.kg?), a tracheostomy was done and they were main-
tained in mechanical ventilation with a Hugo Basile respirator
(mod. 7025) set to maintain a tidal volume of 1.2 mL.kg* of
body weight and respiratory rate of 70 bpm. After dissection
and section of the tendon of the anterior tibialis muscle and
the sciatic nerve, trepanation of the tibia was done in order
to fix the inferior member to a cork base. The tendon of the
anterior tibialis muscle was connected to an isometric trans-
ducer (BG 50g) and the transducer was connected to the
physiographer (Gould RS 4300). The distal stump of the
sciatic nerve was stimulated (Grass S48 stimulator) through
electrodes connected to it, using supramaximal stimuli of 0.2
ms and 0.5 Hz. After recording the control response and the
perfect status of the preparation was verified, atracurium and
rocuronium were injected through the penial vein.

In the in vitro studies, the concentrations of atracurium and
rocuronium used were 20 pg.mL* and 4 pug.mL™*, respec-
tively; in vivo, 0.5 mg.kg?* and 0.6 mg.kg?, respectively. The
concentrations used were based on the degree of blockade
produced by the drugs after obtaining the dose-response
curve (not shown). Muscular responses were recorded before
and every 15 minutes for 60 minutes after the administration
of the study drug.

In vitro and in vivo the following parameters were evaluated:
1) amplitude of the muscular response in preparations of
rats treated with carbamazepine; 2) the effect of atracurium
and rocuronium on the muscular response in preparations
of rats treated with carbamazepine (CBZ,) and not treated
(CBZ).

Determination of the concentration of cytochrome P450
and b5 reductase

To determine the concentration of cytochrome P450 and b5
reductase on hepatic microsomes, the livers of CBZ, rats
(G2) used in in vitro and in vivo study of the muscular res-
ponse were used. A control group — G1 (CBZ_, n = 5), was
composed by rats that received only normal saline for seven
days. The following procedure was undertaken: exposure of
the liver through a ventral incision; with the aid of a catheter,
50 mL of normal saline without heparin were injected in the
cardiac ventricle, until the liver became whitish, at which time
it was removed and frozen in liquid nitrogen. Hepatic micro-
somes were isolated from individual livers. Tissues were
homogenized by hand with a potassium phosphate buffer
and centrifuged at 10,000 x g for 20 minutes (Beckman Avanti
J-20 XPI centrifuge). The supernatant was separated and
ultracentrifuged at 100,000 x g for 1 hour. Microsomes were
stored in a freezer at -80°C for posterior determination of
total proteins, in which the Bradford colorimetric method
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(1976) was used with BSA as the standard. The specific
concentrations of cytochrome P450 and b5 were determined
using the concentration of b5 reduced by NADH (1 mM), and
the concentration of P450 reduced by DTN (2 mM) and CO
(carbon monoxide) as a ligand. A plate spectrophotometer
(Biotek Powerwave 2) was used for the analysis. The con-
centration of cytochromes was calculated according to the
Lambert-Beer formula (A/C.L.€) and related to the concen-
tration of total proteins in the microsome sample, in which:
A= delta absorbance
e= specific absorbance: P450 =91 / mM cm and b5 = 112 /
mM cm;
L = optical path of the small vat, cm;
C = concentration of microsomal proteins (mg protein.mL?).
Results are expressed as mean and standard deviation. The
amplitude of the muscular response was compared before
and 60 minutes after the administration of the drugs. The
concentrations of P450 and b5 reductase obtained in liver
rats treated with carbamazepine (CBZ) were compared with
those of the control group (normal saline, CBZ_). The Stu-
dent’s t test was used assuming a level of significance of
5% (oo = 5%). The test power was calculated, obtaining § >
20% (power > 80%).

RESULTS

Muscular response

In the in vitro (rat phrenic nerve-hemidiaphragm) and in vivo
(external sciatic-popliteal nerve - anterior tibialis muscle) pre-
parations of rats exposed to carbamazepine (40 mg.kg?)
there were no significant changes in the amplitude of the
muscular response to indirect stimulation (Figures 1 and 2).
In vitro, the neuromuscular blockade produced by atracurium
in preparations of treated rats (CBZ) was 70.0 + 8.16%,
which was not statistically different from that obtained (74.7
+ 5.05%) in preparations of untreated rats (CBZ_) (Figure 3).
As for rocuronium, in CBZ, rats the neuromuscular blocka-
de was of 85.3 + 17.52% versus 59.7 + 20.1% in CBZ_ rats
and this difference was statistically significant (p = 0.0003)
(Figure 4).

In in vivo experiments, the neuromuscular blockade pro-
duced by atracurium in CBZ, rats was of 56.87 + 9.73%,
which was not statistically different than that produced in
CBZ_ rats (56.5 = 12.0) (Figure 6).

In CBZ_, rats, the neuromuscular blockade induced by ro-
curonium was 78.9 + 18.39%, which was not statistically
different than CBZ, rats (65.8 + 6.92) (Figure 6).

Concentration of cytochrome P450 and b5 reductase

The concentration of cytochrome P450 and b5 reductase in
hepatic microsomes in both groups (CBZ and CBZ ) was:
CBZ,, (0.43 and 0.45 nmol/mg of protein, respectively); CBZ,
(0.39 and 0.37 nmol.mg™, respectively), but this difference
was not statistically significant (Figure 7).
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Figure 1 — Muscular Response to Indirect Stimulation in Phrenic Nerve-Diaphragm Preparations of Rats treated with Carbamazepine (40
mg.kg?) for Seven Days.
A = beginning of stimulation; B = 60 minutes of stimulation.
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Figure 2 — Muscular Response to Indirect Stimulation in Sciatic Nerve-Anterior Tibialis Muscle of Rats Treated with Carbamazepine (40
mg.kg?) for Seven Days.
A = beginning of stimulation; B = 60 minutes of stimulation.
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Figure 3 — Effects of Atracurium (20 pg.mL) on the Muscular Response to Indirect Stimulation of Phrenic Nerve-Diaphragm of Rats Treated

(upper) and Not Treated with Carbamazepine (40 mg.kg* - lower).
A = beginning of stimulation; B = addition of atracurium; C = 60 minutes of stimulation.
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Figure 4 — Effects of Rocuronium (4 pg.mL™) on the Muscular Response to Indirect Stimulation of Phrenic Nerve-Diaphragm Preparation of Rats
Treated (upper) and Not-Treated with Carbamazepine (40 mg.kg* - lower).
A = beginning of stimulation; B = addition of rocuronium; C = 60 minutes of stimulation.
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Figure 5 — Effects of Atracurium (0.5 mg.kg?) on the Neuromuscular Response to Indirect Stimulation in External Sciatic-Popliteal Nerve-Anterior
Tibialis Muscle of Rats Treated (upper) and Not-treated with Carbamazepine (40 mg.kg™ - lower).
A = beginning stimulation; B = injection of atracurium; C = 60 minutes of stimulation.
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Figure 6 — Effects of Rocuronium (0.6 mg.kg™) on the Muscular Response to Indirect Stimulation in External Sciatic-Popliteal Nerve-Anterior Tibialis
Muscle of Rats treated (upper) and Not-treated with Carbamazepine (40 mg.kg™ - lower).

A = beginning of stimulation; B =
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Figure 7 — Concentration of Cytochromes P450 and b5 Reductase
in Rat Microsomes. In CBZ_ (G1) — normal saline; CBZ, (G2) —
treatment with carbamazepine (40 mg.kg?).

DISCUSSION

There is evidence that the pharmacokinetic and pharma-
codynamic properties of neuromuscular blockers can be
modified by factors such as age, acid-basic status, tem-

perature, different pathologies (burns, disorders of the upper
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injection of rocuronium; C = 60 minutes of stimulation.

and inferior neurons), and drugs %7. Among the drugs used
in the pre or perioperative period, some can interfere, or not,
in neuromuscular transmission potentiating or attenuating
the effects of neuromuscular blockers.

Changes in the response to those drugs can be secondary
to changes in distribution, metabolism and elimination, as
well as at the level of the neuromuscular junction proximal
to the central nervous system or in the muscular membrane.
In the neuromuscular junction, the interaction can be due to
their action on the nerve ending, in the synaptic cleft, or in
the post-synaptic membrane, with consequent change in the
action potential of the nerve, synthesis, release or enzyma-
tic hydrolysis of acetylcholine, calcium efflux or even due to
changes in the number and sensitivity of nicotinic receptors
besides being able to cause non-competitive blockade of ion
channels. Those factors influence the pharmacology of neu-
romuscular blockers increasing or decreasing and prolon-
ging or shortening the muscular blockade ©61520.23-26,

Among those drugs, anticonvulsants, widely used in the
treatment of seizures, bipolar disorder, trigeminal neuralgia
and diabetic neuropathy &2 can, by themselves, interfere with
the neuromuscular junction, change, or not interfering at all
with the pharmacodynamic and pharmacokinetic properties
of neuromuscular blockers 13192534 Pharmacologic and clini-
cally, carbamazepine is similar to phenytoin, but with fewer
undesirable effects and, although effective and useful in the
treatment of partial complex seizures, it is also used in the
treatment of several types of neuropathic pain. Among the
adverse effects, muscular weakness which might result in
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spontaneous or evoked reduction in the quantal release of
acetylcholine °*2 is frequent. Additionally, those drugs also
affect the membrane of the nerve ending in a manner simi-
lar to curare %, It is a potent inducer of hepatic microsomal
enzymes and consequently it has important drug interaction
by accelerating the metabolism of several drugs such as oral
contraceptives, corticosteroids, phenytoin, warfarin and neu-
romuscular blockers especially the aminosteroids 69192425,
Although the inhibition of calcium channels and glutamate
receptors is involved in the effects of several anticonvulsants
the main mechanism of action of carbamazepine seems to
be due to changes in membrane excitability through the
inhibition of voltage-gated sodium channels that transport the
current to the interior of the cell which is necessary for the
generation of an action potential 3.

Atracurium, a benzylisoquinoline non-depolarizing neuro-
muscular blocker is a racemic mixture of ten isomers. It is
metabolized in the plasma which includes hydrolysis by spe-
cific esterases and a self-degradation known as Hofmann
elimination, pH and temperature-dependent, constituting a
huge advance because its degradation is not affected by
organic dysfunction. Rocuronium is an aminostreroid non-
depolarizing neuromuscular blocker and contrary to atra-
curium the end of its action depends, mainly, on distribution,
hepatic uptake and elimination mainly biliary of the unalte-
red drug *.

Prior studies %% using in vitro nerve-muscle preparations,
in vivo animal models and clinical assays in humans de-
monstrated that the neuromuscular blockade produced by
different neuromuscular blockers, such as d-tubocurarine,
vecuronium and rocuronium is potentiated by the acute
administration of several anticonvulsants. Potentiation of pre-
existing neuromuscular blockade secondary to the acute
administration of anticonvulsants can be attributed to the
competition between those drugs and neuromuscular blo-
ckers, dislocating them from their binding sites in plasma
proteins, with the consequent increase in the active free
fraction *°. Other mechanisms have been described in an
attempt to explain this potentiation and it was observed that
some anticonvulsants have pre and post-junctional blocking
effects, stabilize the neuronal membrane, altering the trans-
membrane flow of sodium, potassium and calcium besides
reducing the synthesis and release of acetylcholine 7:3940,
However, other studies have demonstrated that except for
atracurium and mivacurium the potency and duration of action
of most neuromuscular blockers are reduced in patients in
chronic use of anticonvulsants, such as carbamazepine and
phenytoin 15,25-27,2041

In the present study it was observed in both experiments
that the concentration of carbamazepine used did not cause
significant changes in the amplitude of the muscular res-
ponses, conflicting with other studies that have reported direct
depressor effects of carbamazepine in the neuromuscular
junction . Aldernice and Trommer 3 evaluated the direct
effects of different anticonvulsants on the frog neuromuscu-
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lar junction and observed that contrary to phenobarbital, car-
bamazepine decreased the releasing of neurotransmitter
with the consequent reduction in the amplitude of the end-
plate potential.

The effects of atracurium both in vivo and in vitro were not
influenced by carbamazepine. The influence of anticonvul-
sants in the neuromuscular blockade produced by atracu-
rium is controversial. Some authors observed that patients
in chronic treatment with phenytoin and carbamazepine did
not show resistance to atracurium 172542 contrary to the re-
sults reported by Tempelhoff et al. * who reported a shorter
duration of action of atracurium in epileptic patients treated
with phenytoin and/or carbamazepine. The opposing results
observed can be attributed to the methodologies used and
different times of exposure to the anticonvulsants 16:17:2542,

In the present study, the period of seven days was not
enough to produce enzymatic induction but, according to
prior studies, the fact that the effects of atracurium are not
influenced by anticonvulsants is not related with changes in
hepatic metabolism since their metabolism is organ-inde-
pendent 17:2543,

As for rocuronium, contrary to the in vivo experiments, in
vitro promoted a greater degree of muscular blockade in
preparations of rats treated with carbamazepine when
compared to that obtained in non-treated rats, which is simi-
lar to the behavior reported after the acute exposure to
anticonvulsants %4, Those results, which are different than
the results reported in the literature, can be explained by the
fact that seven days were not enough to cause changes in
the neuromuscular junction and enzymatic induction capable
of reducing the degree and duration of the neuromuscular
blockade produced by neuromuscular blockers, especially
the aminosteroids.

There is evidence that the sensitivity to aminosteroid neuro-
muscular blockers in patients in chronic treatment with
anticonvulsants is decreased. This reduced sensitivity to
neuromuscular blockers is not clearly established. The etio-
logy of this interaction seems to be multifactorial and the
mechanisms most likely to be involved are: enzymatic induc-
tion, with an increase in hepatic metabolism and clearance,
increased inactivation and elimination of those drugs;
increased concentration of acid o, -glycoprotein, resulting in
greater protein binding, reduced fraction of free cationic drugs
and change in distribution; reduced sensitivity of the recep-
tor to acetylcholine; proliferation of receptors in the muscu-
|ar membrane 6,13,17,19,25,32,34,41,44-50.

The attempt to correlate the in vitro results with clinical
practice is a difficult task and for this reason in vivo assays,
more appropriate in the pharmacological study of drugs,
were undertaken.

The results allow the conclusion that the time of exposure to
carbamazepine was not sufficient to cause enzymatic in-
duction and/or changes that hindered the effects of neuro-
muscular blockers. Therefore, one can infer that there was
an acute interaction between carbamazepine and rocuro-
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nium, justifying the greater degree of neuromuscular blo-
ckade, demonstrating the importance of monitoring neuro-
muscular transmission when neuromuscular blockers and
carbamazepine are used concomitantly.
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RESUMEN

Barcelos CC, Braga AFA, Braga FSS, Potério GB, Fernandes SCA,
Franco YO, Simioni LR — Efectos Neuromusculares /n Vitro e In
Vivo del Atracurio y del Rocuronio en Ratones Sometidos a Trata-
miento de Siete Dias con Carbamazepina.

JUSTIFICATIVA Y OBJETIVOS: Se trata de un estudio experimental
que investigo in vitro e in vivo el bloqueo neuromuscular producido
por el rocuronio y atracurio en ratones tratados con carbamazepina
y determind las concentraciones de citocromo P450 y b5 reductasis
en microsomas hepaticos.

METODO: Ratones fueron tratados por siete dias con carbama-
zepina (CBZ) — 40 mg.kg* a través de una sonda y sacrificados
al octavo dia bajo anestesia con uretana. Las preparaciones in vi-
tro e in vivo fueron montadas de acuerdo con las técnicas de
Bulbring y de Leeuwin y Wolters, respectivamente. Las concentra-
ciones y dosis utilizadas de los bloqueadores en las preparaciones
in vitro e in vivo fueron, respectivamente, 20 ug.mL* y 0,5 mg.kg*
para atracurio (ATC); 4 ug.mL* y 0,6 mg.kg* para rocuronio (ROC).
Cada protocolo tuvo un n = 5 y las respuestas fueron observadas
por 60 minutos. Los efectos del ATC y ROC fueron evaluados en
las preparaciones de ratones tratados (Cbz,) y comparados a los
observados en los de ratones no tratados (CBZ_). Las concentra-
ciones de citocromo P450 y b5 reductasis fueron determinadas en
microsomas aislados de higados de ratones tratados (CBZ) y com-
paradas con las obtenidas en ratones no tratados (CBZ,)

RESULTADOS: La carbamazepina no alteré la amplitud de las
respuestas musculares; in vitro y in vivo, no hubo diferencia entre
el bloqueo neuromuscular producido por el atracurio en las pre-
paraciones CBZ, versus CBZ_, el bloqueo neuromuscular producido
por el Rocuronio en las preparaciones CBZ, fue potenciado in vi-
tro. La carbamazepina no alterd las concentraciones de citocromo
P450 y b5.

CONCLUSIONES: El tratamiento por siete dias con carbama-
zepina, no influencio en el bloqueo producido por el atracurio, y
alterd in vitro los efectos del rocuronio. El tiempo de tratamiento no
fue suficiente para causar la induccién enzimatica y disminuir la
sensibilidad al rocuronio.
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