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RESUMO
Araujo DR, Fraceto LF, Braga AFA, Paula E - Sistemas de Liberagé@o Controlada com Bupiva-
caina Racémica (S50-R50) e Mistura Enantiomérica de Bupivacaina (S75-R25): Efeitos da

Complexacgao com Ciclodextrinas no Bloqueio do Nervo Ciatico em Camundongos

JUSTIFICATIVA E OBJETIVOS: Os efeitos adversos associados ao uso de bupivacaina
levaram a procura por novos anestésicos locais (AL) com perfil de bloqueio semelhante e
menos toéxicos, surgindo novas preparagées como a mistura enantiomérica de bupivacaina
(S75-R25). Os sistemas de liberagdo controlada, contendo AL em carreadores como
ciclodextrinas (CD), tém como objetivo melhorar a eficacia anestésica e o indice terapéutico
dessas drogas. Este estudo visou a preparagdo, a caracterizagdo e a avaliagdo da eficacia
anestésica dos complexos de inclusdo da mistura enantiomérica da bupivacaina (S75-R25)
e da bupivacaina racémica (S50-R50) com hidroxipropilB-ciclodextrina (HPB-CD)

comparando-os com as preparagdes atualmente utilizadas na clinica.

METODO: Os complexos de inclusdo foram preparados misturando-se quantidades
apropriadas de HPB-CD e S50-R50 ou S75-R25 nas raz6es molares (1.1 e 1:2) e
caracterizados por estudos de solubilidade de fases. Determinaram-se as constantes de
afinidade (K) de cada AL pela HPB-CD. Os bloqueios motor e sensorial induzidos pelas drogas
livres e complexadas foram avaliados, em camundongos, através do bloqueio do nervo ciético.
Para a realizacdo dos experimentos, utilizaram-se trés concentracées de AL: 0,125%; 0,25% e
0,5%.

RESULTADOS: Os estudos de solubilidade indicaram a formagédo de complexos de inclusdo
de S50-R50 e S75-R25 com HPB-CD, com valores de constante de afinidade (K) similares
para os dois anestésicos: 14,7 M_1 (S50-R50:HP-BCD) e 14,3 M_1 (S75-R25:HP-BCD). Os
testes em animais mostraram que a complexagdo potencializou o bloqueio nervoso
diferencial induzido pelos AL: i) a duragao do bloqueio motorinduzido por S75-R25 foi similar
a do S50-R50, mas menos intenso (p < 0,001). J& os complexos, S50-R50HPR-CD €
S75-R25Hpg-cp reduziram a laténcia (p < 0,01 e p < 0,05, respectivamente) sem modificar a
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intensidade do bloqueio motor (Emax), em relagdo as drogas livres; ii) a avaliagdo do
bloqueio sensorial mostrou aumento na intensidade da analgesia com os sistemas
S50-R501pR-CD (2vezes, p<0,001) e S75-R251pp-cp (1,5-1,8 vezes; p <0,01ep < 0,001,
respectivamente), nas duas proporgées molares (1:1e 1:2, AL:CD), além do prolongamento
da duragéo do efeito analgésico, quando comparados as formulagées S50-R50 e S75-R25.

CONCLUSOES: Os efeitos analgésicos mais pronunciados, obtidos ap6s a complexagéo
com HPB-CD, mostram que ambas as formulagées, S50-R50HpPg-cD € S75-R251pp-CD,
sdo de grande interesse para o alivio da dor no periodo pés-operatério, com a vantagem de
serem administradas em menores concentragées. Entretanto, ha que se ressaltar que a
mistura enantiomérica de bupivacaina (S75-R25), por ser menos toxica, representa uma
alternativa no desenvolvimento de formulagées de liberagdo controlada mais seguras e
eficazes do que com a bupivacaina racémica (S50-R50).

Unitermos: ANESTESICOS, Local: bupivacaina; ANIMAIS, camundongos

SUMMARY
Araujo DR, Fraceto LF, Braga AFA, Paula E - Drug-Delivery Systems for Racemic Bupivacai-
ne (S50-R50) and Bupivacaine Enantiomeric Mixture (S75-R25): Cyclodextrins Complexati-

on Effects on Sciatic Nerve Blockade in Mice

BACKGROUND AND OBJECTIVES: Bupivacaine-induced side effects have led to the
search for new local anesthetics (LA) with similar potency and lower toxicity, such as
bupivacaine enantiomeric mixture (S75-R25). Drug-delivery systems for LA in carriers, such
as cyclodextrins (CD), have been developed to improve anesthetic potency and therapeutic
index of those drugs. This study aimed at preparing, characterizing and evaluating the anes-
thetic efficacy of inclusion complexes of bupivacaine enantiomeric mixture (S75-R25) and
racemic bupivacaine (S50-R50) with hydroxypropylB- cyclodextrin (HPB-CD) comparing
them to clinically available preparations.

METHODS: Inclusion complexes were obtained by mixing appropriate volumes of HPB-CD and
S50-R50 or S75-R25 to final 1:1 or 1:2 molar ratios and were characterized by phase solubility
experiments. Affinity constants (K) were determined between HPB-CD and each LA. Motor and
sensory blocks induced by plain or complexed LA formulations were evaluated in mice by sciatic
nerve block. Three LA concentrations were used during the experiment: 0.125, 0.25 and 0.5%.

RESULTS: Solubility experiments results were indicative of S50-R50:HPB-CD and
S75-R25:HPB-CD complexation, with similar affinity constant (K) values: 14.7 M_1 and
14,3 M_1, respectively. In vivo experiments have shown that complexation has enhanced
differential nerve blockade induced by LA: i) motor blockade durationinduced by S75-R25
was similar, to the induced by but less intense S50-R50 (p <0.001). S50-R50Hpg-cD and
S75-R25Hpﬁ.cp complexes have decreased onset (p <0.01 and p < 0.05, respectively),
without changing motor block intensity (Emax) as compared to plain drugs; ii) sensory
block evaluation has revealed higher analgesic intensity with S50-R50Hpp-cp (2-fold, p
< 0.001) and S75-R25Hpp-cp (1.5-1.8-fold, p < 0.07 and p < 0.001, respectively) with
both molar ratios (1:1 and 1:2, LA:CD), in addition to prolonging analgesic effect as com-
pared to S50-R50 and S75-R25.

CONCLUSIONS: More pronounced analgesic effects obtained by complexation with
HPB-CD have shown that both formulations, S50-R50Hpp-cp and S75-R25Hpg-CD, are
very useful for postoperative pain relief, requiring lower LA concentrations. Nevertheless, itis
worth noticing that S75-R25 - being less toxic than racemic bupivacaine - is an interesting al-
ternative for the development of more effective and safe drug-delivery systems as compared
to racemic bupivacaine (S50-R50).
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SISTEMAS DE LIBERAGAO CONTROLADA COM BUPIVACAINA RACEMICA (S50-R50) E MISTURA ENANTIOMERICA DE BUPIVACAINA
(S75-R25): EFEITOS DA COMPLEXAGAO COM CICLODEXTRINAS NO BLOQUEIO DO NERVO CIATICO EM CAMUNDONGOS

INTRODUGAO

bupivacaina é o anestésico local (AL) pertencente a

classe das amino-amidas, mais utilizado em procedi-
mentos cirurgicos, principalmente para anestesias regionais
prolongadas. Os efeitos adversos (toxicidade para os siste-
mas nervoso central e cardiovascular) associados ao uso
de bupivacaina levaram a pesquisa de novos agentes com
perfil de bloqueio semelhante, mas com menor cardiotoxici-
dade '. Da pesquisa resultaram AL como a ropivacaina e a
levobupivacaina - sintetizados sob a forma enantiomérica
S(-) - demonstrando que, além de modificagdes molecula-
res, a estereosseletividade é fator importante para diminuir
a cardiotoxicidade da bupivacaina. Assim, estudos recen-
tes mostraram uma reducao na capacidade disritmogénica
e no risco de convulsdes induzidas por levobupivacaina 2,
bem como a manutencao de propriedades anestésicas si-
milares a bupivacaina . O advento das pesquisas sobre es-
tereosseletividade possibilitou a modificagdo das
proporgdes dos estereoisdbmeros R(+) e S(-) da bupivacai-
na e a sintese de nova formulacéo anestésica local, conten-
do 25% do isébmero R (+)-bupivacaina e 75% do isbmero
S(-)-bupivacaina, melhorando o perfil anestésico da droga
em relagéo a levobupivacaina e aumentando sua margem
de seguranga °.
Embora existam diferengas quanto aos perfis farmacocinéti-
co e farmacodinamico dos enantidmeros, propriedades fisi-
co-quimicas como a solubilidade aquosa ou em lipidios e o
pKa séo preservadas4 constituindo-se em fatores que po-
dem limitar o beneficio terapéutico de drogas administradas
na forma tradicional. Uma alternativa utilizada é o desenvol-
vimento de sistemas de liberagao controlada contendo AL
em carreadores, como ciclodextrinas (CD), que possibilitam
a manipulagdo de algumas propriedades fisico-quimicas
além de melhorarem os efeitos terapéuticos, favorecendo
sua utilizacdo clinica °.
As CD sdooligossacarideos ciclicos, constituidos por unida-
des de glicose (Figura 1), capazes de complexarem em sua
cavidade hidrofébica moléculas de tamanho e polaridade
apropriados, formando complexos de inclusdo. Acomplexa-
¢ao altera as propriedades fisico-quimicas, como a solubili-
dade, estabilidade e biodisponibilidade das drogas . De fato,
essa propriedade das CD torna bastante promissor seu uso
para acomplexagédo de AL, e diversos estudos utilizando bu-
pivacaina racémica tém demonstrado aumento na duragéo
de agdoeumamelhorasignificante noseu indice terapéutico
81 Dessa forma, torna-se interessante verificar se a com-
plexagcao com CD alteraria também o perfil anestésico da
mistura enantiomérica de bupivacaina, uma formulagao po-
tencialmente menos téxica, em relagéo a bupivacainaracé-
mica. Este estudo teve por objetivo preparar, caracterizar e
avaliar,emcamundongos, a eficaciaanestésicados comple-
xos de inclusdo com hidroxipropilB-ciclodextrina (HPB-CD,
Figura 1) com a mistura enantiomérica da bupivacaina
(S75-R25) ou da bupivacaina racémica (S50-R50) e
compara-los com as formulagdes atualmente utilizadas na
clinica.
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Figura 1 - Estrutura Quimica da p-CD, com 7 Monémeros de Glico-
see R=H.R=CH;CHOHCH3;0uH, no Casoda HPB-CD (subs-
tituicoes nos carbonos 2, 3 e 5)

METODO

Os complexos sélidos foram preparados misturando-se
quantidades apropriadasde HPB-CD e S50-R50 0u S75-R25
em agua, de maneira que a razao molar fosse 1:1ou 1:2. As
amostras foram deixadas sob agitacdo durante 24 horas a
temperatura ambiente. Apds isso, a solugéo foi liofilizada e
guardadaa-20°Cpara posterioruso®. Os complexos sélidos
foram pesados em quantidades suficientes para obter as
concentragdes de drogas desejadas e, posteriormente, dis-
solvidos em tampé&o (HEPES 20mM pH 7,4, com NaCl 154
mM). As concentragcbes de S50-R50 e S75-R25 utilizadas
foram: 0,125%; 0,25% e 0,5%.

Para a caracterizacgéo fisico-quimica dos complexos forma-
dos, realizaram-se experimentos de solubilidade de fases '?
determinando-se as constantes de afinidade (K) pela
HPB-CD, para cada AL. Os experimentos foram realizados
paraavaliarasolubilidade dosdoisALempH7,4,sendoque-
naausénciade HPB-CD -tantoa S50-R50 quantoa S75-R25
sdoinsoluveis na concentragdo utilizada (30 mM). Neste en-
saio, concentragdes crescentes de HPB-CD (0, 5, 10 e 20
mM) foram adicionadas a 30 mM de S50-R50 ou S75-R25 e,
posteriormente, dissolvidas em solugao tampéao (HEPES 50
mM, pH7,4,com NaCl 154 mM). As amostras foram agitadas
a temperatura ambiente durante 24 horas, até atingirem o
equilibrio. Apés esse periodo, as amostras foram filtradas e
analisadas por espectrofotometria (espectrofotdmetro
Beckman DU-70) a um comprimento de onda de 260 nm '3,
calculando-se o valorda concentragédo de AL na solugéo. To-
dos os experimentos foram realizados em triplicatas. A alta
razao molar AL:HPB-CD (até 2:1) utilizada nestes ensaios é
justificadapelofatode aconstante de afinidade (K) sercalcu-
lada utilizando-se a porgao linear do diagrama de solubilida-
de de fases, de acordo com a equacgao '?:
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Inclinagéo da Reta

Solubilidade Inicial do AL (1-Inclinagdo da reta)

Avaliacao da Eficacia Anestésica

Este estudo experimental foi realizado apés aprovagéao pela
Comiss&o de EticanaExperimentacdo Animal do Institutode
Biologia da Universidade Estadual de Campinas (CEEA)-IB
- UNICAMP que segue as normas do Colégio Brasileiro de
Experimentacao Animal (COBEA). Foram utilizados grupos
de 7 camundongos albinos, machos, pertencentes a linha-
gem Swiss, comidade aproximadade 60 dias e massa corpo-
ral variando entre 30 e 35 gramas. Os animais, provenientes
do Centro de Bioterismo da UNICAMP (CEMIB), foram sub-
metidos a ciclo claro/escurode 12 horas, com agua e alimen-
tacdo a vontade, alojados coletivamente (5 animais por
gaiola) e aclimatados ao local de experimentagéo por pelo
menos sete dias.

Os ensaios de eficacia anestésicaforam realizados pela téc-
nicadobloqueiodo nervo ciaticoem camundongos 4 Asfor-
mulacgdes, inclusive o veiculo, foram administradas em or-
dem aleatéria por infiltracao (0,1 mL) no espaco popliteal lo-
calizado na superficie posteriordojoelho, naregidodonervo
ciatico. Aavaliagao dos bloqueios motor e sensorial foi reali-
zada simultaneamente e todas as medidas foram executa-
das pelo mesmoinvestigador. Os animais foram observados
durante 24 horas ap6és o tratamento para verificar aincidén-
cia de efeitos toxicos sistémicos (convulsdes e 6bitos) ou
locais (falhas na recuperagédo dos movimentos normais na
pata injetada). Os grupos experimentais foram assim
constituidos:

e Grupo Controle: HPB-CD

e Grupo S50-R50: bupivacaina racémica

e Grupo S75-R25: mistura enantiomérica de bupivacaina

e Grupo S50-R504ps-cp (1:1): bupivacaina racémica com hi-
droxipropilB-ciclodextrina na propor¢cdo molar 1:1
(S50-R50:HPB-CD)

o Grupo S50-R504pp.cp (1:2): bupivacaina racémica com hi-
droxipropilB-ciclodextrina na proporgdo molar 1:2
(S50-R50:HPB-CD)

o Grupo S75-R25ppg.cp (1:1): Mmistura enantiomérica de bupi-
vacaina com hidroxipropilB-ciclodextrina, na proporgao
molar 1:1 (S75-R25:HPB-CD)

e Grupo S75-R254pp-cp (1:2): mistura enantiomérica de bupi-
vacaina com hidroxipropilB-ciclodextrina, na proporgéo
molar 1:2 (S75-R25:HPB-CD)

Para a avaliagdo do bloqueio motor, antes da experiéncia
mediu-se a habilidade de cada camundongo em caminhar
normalmente, com os quatro membros, por uma tela metali-
ca (com orificios de 5 mm de diametro) na posigdo normal e
invertida. Somente os animais que preencheramtal requisito
foramsubmetidos aexperimentagao. O graude bloqueio mo-
tor foi avaliado de acordo com os valores de escore: 0 (movi-
mentacao normal), 1 (incapacidade de flexionar completa-
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mente o membroinjetado) e 2 (paralisia total do membroinje-
tado) nos seguintes momentos: a cada minuto durante os 5
primeiros minutos apds a administragao e, posteriormente,
em intervalos de 10 minutos até que fosse verificada a total
recuperagaodos movimentosdoanimal '® Alaténcia (tempo
entreainjecdo e aobtencdo de bloqueio motorgrau1ou2),0
tempo para atingir o escore maximo (Tnax), 0 valor de escore
maximo (efeito maximo, Enasx), 0 tempo pararecuperagéoda
funcédo motora e o efeito total do anestésico local (estimado
pela area sobre a curva efeito-tempo, AUC) foram os
parédmetros analisados.

O bloqueio sensorial foi medido utilizando-se um estimulo
mecanico '®. Para a execugéo do teste utilizou-se equipa-
mento apropriado, chamado analgesimetro, que gera au-
mento gradual da forga (em gramas) sobre a superficie dor-
sal da pata do animal. Para evitar analgesia induzida por es-
tresse, cada animal foi envolvido em uma toalha permitindo
que acabecaeos membrosficassemlivres. Oreflexodereti-
rada da pata foi considerado representativo do limiar de dor
(Pain Withdrawal Threshold to Pressure - PWTP). Alinha ba-
saldo PWTP foimedida antes dos experimentos e os animais
que apresentaram valor do limiar de dor abaixo ou acima de
30 a 50 g foram excluidos do experimento e estabeleceu-se
um valor maximo de presséo (cut-off) de 150 g, considerado
representativo de bloqueio sensitivo. Apds administragdo do
veiculooudas drogas, as medidas foramrealizadas durante
5 horas, com intervalos de 15 minutos durante a primeira
hora, 30 minutos durante a segunda e terceira horas e, final-
mente, 60 minutos nas ultimas duas horas de teste. Aanalge-
sia foi definida como aumento no limiar de presséao tolerado
pelos animais, de no minimo 50% maior que o observado no
grupotratadocomoveiculo. O pontofinaldaanalgesiafoies-
tabelecidoquandodaausénciadediferengaestatisticaentre
os grupos teste e controle 7

A analise estatistica para a avaliagdo do bloqueio motor (la-
téncia, Tmax, tempoderecuperagao, Esx e AUC) foi executa-
da utilizando o teste de Kruskal-Wallis e os dados foram ex-
pressos como medianas (limite minimo e limite maximo). Os
valores de PWTP durante o bloqueio sensorial foram expres-
sos em média + desvio padrédo (DP) e avaliados, em tempos
individuais, por Analise de Variancia (One-way ANOVA) com
teste posterior de Tukey-Kramer. A significancia estatistica
foi definida como p < 0,05 8.

RESULTADOS
Caracterizagdo dos Complexos de Inclusdo com Ciclodextrinas

Através dos experimentos de solubilidade de fases, foi pos-
sivel observar a complexagdo da S50-R50 e S75-R25 com
HPB-CDempH7,4e25°C (Figura2). O diagramade solubili-
dade de fases dos sistemas indica aformacéo de complexos
soluveis, havendo aumento linear na solubilidade de
S50-R50e S75-R25 (cercada 1,3 vezes)emfungédodas con-
centracdes de HPB-CD testadas. Os valores obtidos para as
constantes de afinidade (K) foram similares para os dois AL,

Revista Brasileira de Anestesiologia
Vol. 565, N° 3, Maio - Junho, 2005



SISTEMAS DE LIBERAGAO CONTROLADA COM BUPIVACAINA RACEMICA (S50-R50) E MISTURA ENANTIOMERICA DE BUPIVACAINA
(S75-R25): EFEITOS DA COMPLEXAGAO COM CICLODEXTRINAS NO BLOQUEIO DO NERVO CIATICO EM CAMUNDONGOS

sendo 14,7 M para $50-R50:HP-BCD e 14,3 M para
S75-R25:HP-BCD.

5
[HP-CD] mM

10

—@— S50-R50 —&— S75-R25

Figura 2 - Curvas de Solubilidade para a S50-R50 e S75-R25 na
Presenca de Concentragdes Crescentes de HP-BCD, Tampéo
HEPES 50mM, pH 7,4, 25 °C

Avaliacao do Bloqueio Motor

Ainjecao dos AL livres e complexados alterou, de maneira
concentragdo-dependente, afungdo motoraapos obloqueio
donervociaticohavendo aperdareversivel dos reflexos mo-
tores emtodos os animais tratados (Tabela ). J& o grupo tra-
tado com o veiculo (HP-BCD) nao apresentou qualquer sinal
de bloqueio motor.

Comparacdes entre as drogas livres (S50-R50 e S75-R25)
mostraram que aadministragdode S75-R25induziuredugéo
nalaténcia (p<0,001), emtodas as concentragdes testadas,
embora uma menor intensidade do bloqueio motor tenha
sido observada apenas na concentragao de 0,125 % (p <
0,001; comoevidenciado pelos valores de Ejax) emrelagdoa
S50-R50. No entanto, o tempo de recuperagao do bloqueio
motor e o efeito total (AUC) induzido pelas duas preparagdes
comerciais foram similares.

As formulagdes complexadas contendo S50-R50 induziram
diminuigdo nalaténciadobloqueio motoremrelagdo adroga
livre em todas as concentragdes utilizadas (p < 0,01; para os
complexosdeinclusdo 1:1e1:2). Alémdisso, a analise esta-
tisticatambém revelou diferengas entre S50-R504pp-cp (1:2) €
S50-R50 para os parametros Tnax (p < 0,05), tempo de recu-

Tabela | - Laténcia, Tmax, Tempo de Recuperacgao, Esx € Efeito Total do Bloqueio Motor (AUC) Induzido pelas Formulagdes
de S50-R50 ou S75-R25 Livres e Complexadas com HPB-CD (1:1 e 1:2) durante o Bloqueio do Nervo Ciatico em Ca-

mundongos

Concentragao Grupos Laténcia Trmax Tempo de Recuperagéo Emax AUC

(%) (seg.) (min.) (min.) (escore) (escore/h)

0,125% $50-R50 60 (60 - 120) 3(2-3) 20 (-) 2() 22,5 (19 - 28)
$50-R504pp.co (1:1) 30 (30 - 60)™" 1(1-2) 30 (20 - 40) 1(1-2) 4 (17 - 36)
S50-R504pp.co (1:2) 25 (15 - 35)°" 1(1-4) 40 (30 - 50)” 1(1-2) 34 (24 - 48)
S75-R25 40 (38 - 46)"" 1(-) 30 (30 - 50) 1) 4 (24 - 44)
S75-R254pp.c0 (1:1) 30 (25 - 40)° 1(1-3) 40 (20 - 60) 1(-) 34 (24 - 54)
S75-R25upp.co (1:2) 20 (18 - 25)%" (1-2) 40 (30 - 60) 1(1-2) 47,5 (27 - 54)

0,25% $50-R50 60 (60 - 120) 2(2-3) 40 (30 - 40) 2() 41 (37 - 58)
$50-R501pp.co (1:1) 30 (30 - 60)™" 1(1-2) 50 (40 - 60) 2(1-2) 60 (44 - 78)
S50-R501pp.co (1:2) 20 (20 - 30)°” 2(1-3) 70 (50 - 80)” 2(1-2) 67 (44 - 80)”
S75-R25 40 (38 - 46)"" 1(-) 30 (30 - 50) 1()° 34 (24 - 44)
S75-R254pp.c0 (1:1) 25 (20 - 30)” 1(-) 60 (30 - 60) 1(1-2) 54 (24 - 54)
S75-R25upp.co (1:2) 18 (17 - 22)*" 2(1-4) 70 (40 - 80) 2(1-2) 74 (48 - 78)

0,5% S50-R50 60 (-) 1(-) 50 (30 - 60) 2() 58 (50 - 88)
$50-R501pp.co (1:1) 30 (-)° 1(1-2) 60 (50 - 70) 2(-) 88 (78 - 98)
S50-R504pp.co (1:2) 5(10 - 17)°" 2(1-3)b* 90 (80 - 100)*” 2 (-) 100,5 (97,5 - 108)"*
S75-R525 40 (35 - 45)"" 1(1-3) 60 (40 - 60) 2() 67,5 (50,5 - 68)
S75-R25upp.cp (1:1) 7 (15 - 25)°" 1(1-3) 60 (50 - 60) 2(1-2) 60 (49 - 68)
S75-R25upp.c0 (1:2) 2(10-12)"" 2(1-2) 90 (60 - 100)* 2(1-2) 97,5 (68 - 118)*¢

Dados expressos em mediana (limite minimo - limite maximo) (n = 7/grupo). a S50-R50ppg-cp (1:1) versus S50-R50; b S50-R504ps-cp (1:2) Versus 850-R50; ¢
S75- R25Hpﬁ CD (1:1) Versus S75- R25 d S75- R25pr CD (1:2) Versus S75- R25 e S75- R25HPB cD (1:2) Versus S75- R25HPE CD (1:1); ;£ S75-R25 versus S50-R50. * p<

0,05, ** p < 0,01 e ** p < 0,001 (Teste de Kruskal-Wallis)
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peracédo e AUC (p < 0,001 e p < 0,05, respectivamente) na
concentragéo de 0,5 %.

Com os sistemas S75-R25ypp.cp (1:1¢ 1:2), 0 tempo de laténcia
foi significativamente menor (p <0,05e p <0,01, respectiva-
mente) quando comparados a formulagéo livre, nas diferen-
tes concentracées. Emrelacao a AUC, esta foi significativa-
mente maior (p<0,05) como complexonarazdomolar1:2do
que apos a administragcado do complexo 1:1 e da formulagao
livre, na concentracao de 0,5%.

Avaliacao do Bloqueio Sensorial

Aavaliagdodobloqueio sensorial, pelo teste PWTP, mostrou
relagdes concentragdo-dependente para as formulagoes li-
vres e para os complexos de inclusdo de S50-R50 ou
S75-R25 com HPB-CD. Os efeitos do tratamento com
HPB-CD, com as drogas livres e complexadas foram avalia-
dos ao longo dos momentos (Figuras 3 e 4).

Ainfiltragdo do veiculo naregido do nervo ciatico nao modifi-
cou os valores de linha basal para o limiar da dor em camun-
dongos. Contudo, todas as formulagbes elevaramo limiarde
dor dos animais tratados, que foi estatisticamente diferente
daquele do grupo controle (p < 0,001). Além disso, os com-
plexos com HP3-CD aumentaram a duragéo e a intensidade
do bloqueio sensorial, quando comparados as drogas livres
(p < 0,001). No entanto, comparacbes entre os complexos
(1:1e1:2, em todas as concentragdes) mostraram perfis de
bloqueio sensorial semelhantes.

A administracdo das formulagbes complexadas,
S50-R504pp-cp(1:1 e 1:2) Modificou a resposta dos animais ao
estimulo mecanicono PWTP, aumentandoolimiardadorea
duracao do efeito antinociceptivo. A injecdo dos complexos
na concentragcédode 0,125 % induziu aumento naduragaoda
analgesia (em até 4 horas) e na intensidade do efeito (cerca
de 2 vezes aos 120 minutos, p <0,001) quando comparada a
daformulagéo livre (Figura 3A). O tratamento com as formu-
lagbes complexadas na concentragédo de 0,25 % também
mostrou potencializagao do efeito analgésico aos 150 minu-
tos em relagdo a S50-R50 (2 vezes, p < 0,001) (Figura 3 B).
Com as formulagdes complexadas a 0,5%, observou-se per-
fil semelhante ao apresentado com a concentragao interme-
diaria, sendo a intensidade da analgesia significativamente
maior (p <0,001) do que aquela observada com adrogallivre
(Figura 3 C).

Nos grupos tratados com os complexos S75-R25ypg_cp (1:161:2)
nas diferentes concentracdes, a intensidade da analgesia
foicercade 1,5a 1,8 vezes maior do que com a droga livre.
Além disso, aduracao do efeito analgésico foi significativa-
mente maior com as drogas complexadas (p < 0,001 nas
concentragbesde 0,125% e 0,25%)queaquelacomadroga
livre (240 a 300 minutos x 150 a 300 minutos, respectiva-
mente) (Figuras4Ae 4B). Na concentragdode 0,5%, embo-
raaduragdodaanalgesiacomos complexos tenha sido se-
melhante a apresentada pela droga livre, o limiar de dor
apos a injecdo dos complexos foi significativamente maior
(p <0,01) (Figura 4C).
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Figura 3 - Curvas Efeito versus Tempo no Teste PWTP para os Grupos
Tratados com o Veiculo (HPB-CD), S50-R50, S50-R504pp-cp (1:1)
e S50-R50npp-cp(1:20a0,125% (A), 0,25% (B) € 0,5% de Anestési-
co (C). Valores expressos em Média £ DP (n = 7).
a S50-R50 versus HPB-CD, b SSO-RSOHP -cD (1:1) versus
HPB-CD, C SSO-RSOHpﬁ_CD (1:2) versus HPﬁ-CS
d SSO'RSOHPB-CD(1:1) versus SSO-RSO, e SSO-RSOHPB_CD (1:2) ver-
sus S50-R50.
* p< 0,05, ** p<0,01, ***p<0,001 (Analise de Variancia)
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* p< 0,05, ** p <0,01, *** p <0,001 (Andlise de Variancia)
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DISCUSSAO

As CD podem ser descritas como capsulas cilindricas apre-
sentando uma cavidade interna hidrofébica que, uma vez
preenchida com a molécula de uma substancia de tamanho
molecular e polaridade compativeis, formam complexos de
inclusdo. Porumasérie de conveniéncias (prego, disponibili-
dade, dimensbes dacavidade)umadas CD naturais,a3-CD,
tornou-se a mais amplamente utilizada para complexacéao e
sistemas deliberagao controlada de drogas. No entanto, sua
baixa solubilidade aquosa e indugao de nefrotoxicidade dire-
cionaram as pesquisas para a sintese de CD mais soluveis,
menos toxicas e mais apropriadas parauso parenteral, como
a hidroxipropilp-CD ” (HPB-CD). Neste estudo, utilizou-se a
HPB-CD com o objetivo de minimizar problemas quanto ao
uso farmacéutico das CD, especialmente com relagdo a
solubilidade aquosa e toxicidade sistémica.

Estudos mostraram que a utilizagdo de HPB-CD e de alguns
outros derivados (CD sulfatadas) aumentou a solubilidade
de AL como etidocaina, lidocaina, prilocaina, mepivacaina
e, especialmente, bupivacaina ', bem como melhorou os in-
dices terapéuticos dessas drogas ®'". De fato, os resultados
apresentados neste trabalho mostraram aumento linear na
solubilidade dos anestésicos bupivacaina S50-R50 e
S75-R25, que foram favorecidos pela formagao de comple-
xosdeinclusdocomaHPB-CD. As caracteristicas fisico-qui-
micas semelhantes da S50-R50 e S75-R25 direcionaram a
complexagdo com HPB-CD, determinando valores de cons-
tantes de afinidade semelhantes e indicando um
posicionamento favoravel das drogas dentro da cavidade
hidrofébica da CD.

Comrelacdo aostestes de eficaciaanestésica, obloqueiodo
nervo ciatico foi utilizado por sertécnica bem descrita na lite-
ratura e modelo experimental apropriado para monitorar a
eficacia de AL em ratos 2°?' e camundongos """,

O tratamento com as formulagdes livres de S50-R50 e
S75-R25 (0,125%; 0,25% e 0,5%) mostrou que a duragado do
bloqueio motorinduzido por S75-R25 foi similar, mas de inten-
sidade menorque oinduzido por S50-R50. Aadministragaode
S75-R25em camundongos potencializou aintensidade e pro-
longou o tempo de analgesia quando comparada a S50-R50,
especialmente nas menores concentragdes (0,125% e
0,25%). A literatura relata que a S75-R25 proporciona boas
condigbes para a realizagédo do ato anestésico-cirtirgico com
adequados blogueios motor e sensorial 2% prolongando a
analgesia pds-operatéria em relagdo a S50-R50 2*. Além dis-
s0, a S75-R25 mostrou-se formulagdo mais segura que a
S50-R50 °?#2 fato este que motivou a investigagdo com for-
mulagdes de S75-R25 complexadas com HP(3-CD.
Osresultados apresentados neste estudo mostraram que as
formulagdes complexadas com HP3-CD reduziram de forma
significativa a laténcia, sem modificar a intensidade do blo-
queio motor (Enax), emrelagéo as formulagdes livres. Outros
parametros, comoduragidodobloqueio motore efeitototal do
AL (AUC), s6 foram afetados pelos complexos na proporcao
molar 1:2 (AL:CD). Provavelmente, esses efeitos devem-se
as propriedades da HPB-CD como maior solubilidade em
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agua, facilitando o acesso de anestésicos hidrofébicos,
como S50-R50 e S75-R25, ao local de agéo.
Comparando-se as formulagdes livres e os sistemas com
HPB-CD para os dois anestésicos, observou-se que houve
beneficio em relagéo a intensidade e duragéo da analgesia
em todas as concentragdes utilizadas, indicando potenciali-
zacgao do bloqueio nervoso diferencial devido a interacao
tanto da S50-R50 quanto da S75-R25 com a HPB-CD, au-
mentandootempodepermanénciados ALnolocaldeagao.
Modificacbes na proporgédo molar AL:CD mostraram que o
tratamento com os complexos 1:2 prolongou o tempo de re-
cuperacéao do bloqueio motor em relagéo as formulagées li-
vres nas concentragdes utilizadas (0,125%; 0,25% e 0,5%
para S50-R50 e 0,5% para S75-R25), embora os complexos
1:1 e 1:2 ndo tenham sido diferentes entre si apds compara-
¢des na qualidade e/ou duragao do bloqueio sensorial. Essa
alteragdonafarmacodinamicados AL pode serum efeitoine-
rente a HPB-CD (ja que foi observado tanto com S50-R50
quanto com S75-R25), devido a fatores como diferengas na
razao de transferéncia das drogas ou dissociagdo do com-
plexo em relacdo & HPB-CD 8.

Aliberagao controlada de AL tem como objetivos principais
melhorar o indice terapéutico das drogas para os tratamen-
tos da dor aguda e utilizag&o no periodo pés-operatério, re-
duzindo a toxicidade sistémica e agindo mais sobre fibras
sensoriais do que motoras ®''. Os efeitos analgésicos mais
pronunciados obtidos apds a complexagdo com HPB-CD tor-
nam as formulagbes S50-R50npg.cp € S75-R254pg.co de
grandeinteresse paraoaliviodadorno periodo pds-operato-
rio, com avantagem de serem administradas em menor con-
centragdo que as preparagdes de ALcomerciais. Entretanto,
porseruma formulagao potencialmente menos téxica, a mis-
tura enantiomérica de bupivacaina (S75-R25) representa
uma alternativa para o desenvolvimento de formulagdes de
liberagdo controlada mais seguras e eficazes do que a
bupivacaina (S50-R50).

Drug-Delivery Systems for Racemic
Bupivacaine (S50-R50) and Bupivacaine
Enantiomeric Mixture (S75-R25):
Cyclodextrins Complexation Effects on
Sciatic Nerve Blockade in Mice

Daniele Ribeiro de Araujo, M.D.; Leonardo Fernandes
Fraceto, M.D.; Angélicade Fatimade AssuncdoBraga, TSA,
M.D.; Eneida de Paula, PhD

INTRODUCTION

Bupivacaine is the amino-amide local anesthetic (LA) more
widely used in surgical procedures, especially for prolonged
regional anesthesia. Bupivacaine-induced side effects (cen-
tral nervous system and cardiovascular toxicity) have led to
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the search for new agents with similar blockade profile, but
with lower cardiac toxicity '. Results were LA such as
ropivacaine and levobupivacaine, synthesized in the
enantiomericform S(-) with have shownthatinadditiontomo-
lecular changes, stereoselectivity is a major factor to de-
crease bupivacaine’s cardiotoxicity. Recent studies have
shown decreased arrhythmogenic ability and lower risk of
levobupivacaine-induced seizures 2'3, as well as the mainte-
nance of anesthetic properties similar to bupivacaine *. In-
vestigations on stereoselectivity have allowed forchangesin
bupivacaine sterecisomers R (+) and S(-) and for the synthe-
sis of a new local anesthetic formulation with 25%
R(+)-bupivacaine and 75% S(-)-bupivacaine, improving
drug’s anesthetic profile as compared to levobupivacaine
and increasing its safety margin °.

Although there are differences in enantiomers
pharmacokinetic and pharmacodynamic profiles,
physico-chemical properties such as water or lipid solubility
and pKa are preserved 4 and they are factors potentially
limiting therapeutic benefits of traditional systems. An al-
ternative would be the development of drug delivery systems
with LAiin carriers such as cyclodextrins (CD) which allow the
manipulation of some physico-chemical properties in addi-
tion toimproving therapeutic effects, thus favoring their clini-
cal use °.

CDsarecyclicoligosaccharides made of glucose units (Figure
1) able to complex molecules of adequate size and polarity in
their hydrophobic cavity forming inclusion complexes.
Complexation changes physico-chemical properties, such
as drug solubility, stability and bioavailability . In fact, this
property makes CD very promising for LA complexation, and
several studies with racemic bupivacaine have shown pro-
longed duration and significant therapeutic index increase
81 3o, it is interesting to evaluate whether complexation
with CD would also change the anesthetic profile of
bupivacaine enantiomeric mixture, a potentially less toxic
formulation, as comparedtoracemicbupivacaine. This study
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Figure 1 - Chemical 3-CD structure, with 7 Glucose Monomers and
R =H. R = CH,CHOHCHj; or H, for HPB-CD (replacements in
carbons 2, 3 and 5)
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DRUG-DELIVERY SYSTEMS FOR RACEMIC BUPIVACAINE (S50-R50) AND BUPIVACAINE ENANTIOMERIC MIXTURE (S75-R25):
CYCLODEXTRINS COMPLEXATION EFFECTS ON SCIATIC NERVE BLOCKADE IN MICE

aimed atpreparing, characterizingand evaluatingin mice the
anesthetic efficacy of inclusion complexes of bupivacaine
enantiomeric mixture (S75-R25) and racemic bupivacaine
(S50-R50) with hydroxypropylp-cyclodextrin (HPB-CD) com-
paring them to clinically available preparations.

METHODS

Solid complexes were prepared by mixingadequate amounts
of HPB-CD and S50-R50 or S75-R25 volumes in water to ob-
tain molar ratios 1:1 or 1:2. The mixtures were kept shaking
up during 24 hours atroom temperature. Following, the solu-
tion was lyophilized and stored at -20 °C. Solid complexes
were weighed in sufficient amounts to obtain desired drug
concentrations and then were dissolved in buffer (20 mM
HEPES, pH 7.4, with 154 mM NaCl). S50-R50 and S75-R25
concentrations were: 0.125%; 0.25% e 0.5%.

Phase solubility studies were performed 2o determine the
affinity constants (K) between HPB-CD, and each LA, for
physico-chemical characterization offormed complexes. Ex-
periments were carried out to evaluate the solubility of both
LAinpH 7.4 and -in the absence of HPB-CD - both S50-R50
and S75-R25 are insoluble in the concentration used (30
mM). In our study, increasing HPB-CD concentrations (0.5,
10 and 20 mM) were added to 30 mM of S50-R50 or S75-R25
and thendissolved in buffer solution (50 mMHEPES, pH 7.4,
with 154 mM NacCl).

Samples were agitated at room temperature for 24 hours until
balance was reached. Then, samples were filtered and ana-
lyzed by spectrophotometry (Beckman DU-70 spectropho-
tometer) ata wavelength of 260 nm '3, and LA concentration in
the solution was calculated. All experiments were repeated
three times. High molar ratio LA: HPB-CD (until 2:1) used in
this experiment is justified by the fact that the affinity constant
(K)is calculated using the linear portion of phase solubility dia-
gram, according to the following equation '?:

K = Slope

Initial LA Solubility (1 - slope)

Anesthetic Efficacy Evaluation

This experimentwas performed afterthe approval by the Ani-
mal Experiment Ethics Committee, Instituto de Biologia,
Universidade Estadual de Campinas (CEEA) - IB -
UNICAMP, which follows the standards of the Brazilian Col-
lege of Animal Experiment (COBEA). The study involved
groups of 7 male albino mice of Swiss strain, with approxi-
mately 60 days of age and body weight varying from 30 to 35
grams. Animals supplied by the Lab Animals Facility,
UNICAMP (CEMIB) were submitted to 12-hour dark/light cy-
cle with free water and food, and were collectively lodged (5
animals per cage) and adapted to experiment site for at least
7 days.
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Anesthetic efficacy experiments were performed by sciatic
nerve block in mice ™. Formulations, including vehicle, were
randomly administered by 0.1 mL infiltration in the popliteal
space located on the posterior knee close to sciatic nerve. Mo-
tor and sensory blocks were simultaneously evaluated and all
measures were obtained by the same investigator. Animals
were observed for 24 hours after treatment to check the inci-
dence of systemic (seizures and mortality) or local (failures in
recovering normal movements of the injected paw) toxic ef-
fects. Experimental groups were distributed as follows:

e Control Group: HPB-CD

e Group S50-R50: racemic bupivacaine

e Group S75-R25: bupivacaine enantiomeric mixture

e Group S50-R50npg.cp (1:1): racemic bupivacaine with
hydroxypropylp-cyclodextrin in 1:1 molar ratio
(S50-R50:HPB-CD).

e Group S50-R50npg.cp (1:2): racemic bupivacaine with
hydroxypropylp-cyclodextrin in 1:1 molar ratio
(S50-R50:HPB-CD)

e Group S75-R254pg-cp (1:1): €nantiomeric bupivacaine with
hydroxypropylp-cyclodextrin in 1:1 molar ratio
(S75-R25:HPB-CD)

o Group S75-R254pg-cp (1:2): €nantiomeric bupivacaine with
hydroxypropylp-cyclodextrin in 1:2 molar ratio
(S75-R25:HPB-CD)

The ability of each mouse tonormally walk with the four paws
onametalmesh (with5 mmdiameterholes)innormalandin-
verted position was measured before the experiment to
evaluate motor block. Only animals fulfilling this require-
ment were submitted to the experiment. Motor block level
was evaluated according to score values 0 (normal move-
ments), 1 (inability to totally bend injected limb) and 2 (total
injected limb paralysis) in the following moments: every minute
during the first 5 minutes after administration and then in
10-minute intervals until total movements recovery '°. On-
set (time elapsed between injection and motor block 1 or 2),
timetoreach highestscore (Tmax), highestscore value (max-
imum effect Enax), time to motor function recovery and total
local anesthetic effect (estimated by the area under the ef-
fect-time curve, AUC) were evaluated.

Sensory block was measured by mechanical stimulation '®
with adequate equipmentcalled analgesimeter, which gener-
ates gradual strength increase (in grams) on the dorsal sur-
face of animal’s paw. To prevent stress-induced analgesia,
each animal was involved in a towel so that head and limbs
with free. Paw withdrawal reflex was considered representa-
tive of pain threshold (Pain Withdrawal Threshold to Pres-
sure - PWTP).

PWTP baseline was measured before experiments and ani-
mals presenting pain thresholds below or above 30 to 50 g
were excluded from the experiment. Maximum cut-off pres-
sure value of 150 gwas consideredrepresentative of sensory
block. After vehicle or drug administration, animals were
measured for 5 hours at 15-minute intervals in the first hour,
30-minute intervals in the second and third hours and at
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60-minute intervals for the last two hours. Analgesia was de-
fined as increased tolerated pressure threshold of at least
50% above the group treated with vehicle. Analgesic end
pointwas established as the absence of statistical difference
between test and control groups .

Kruskal-Wallis test was used for statistical analysis of motor
block (onset, Tmax, recovery time, Eax and AUC) and data
were expressed in median (minimum limit and maximum
limit). PWTP values during sensory block were expressed in
mean + standard deviation (SD) and were evaluated in indi-
vidual times by Analysis of Variance (One-way ANOVA) with
further Tukey-Kramer test. Statistical significance was de-
fined as p < 0.05 8.

RESULTS
Characterization of Inclusion Complexes with Cyclodextrins

Complexation of S50-R50 and S75-R25 with HPB-CD at pH
7.4 and 25 °C could be observed by phase solubility experi-
ments (Figure 2). Systems phase solubilitydiagramindicates
formation of soluble complexes with linear increase in solu-
bility of S50-R50 and S75-R25 (approximately 1.3-fold) as a
function of tested HPB-CD concentrations. Values obtained
for affinity constants (K) were similar for both LA, being 14.7
M for $50-R50:HP-BCDand 14.3 M for S75-R25:HP-BCD.

2 A
< 10
9
8 T T T 1
0 5 10 20
[HP-CD] mM
—@— S50-R50 —&— S75-R25

Figure 2 - Solubility Curves for S50-R50 and S75-R25 in the Pre-
sence of Increasing HP-BCD Concentrations, 50 mM HEPES
buffer, pH 7.4, 25 °C

Motor Block Evaluation

Plainand complexed LAinjection has changed, in concentra-
tion-dependent manner, the motor function after sciatic
nerve block withreversible loss of motorreflexesin all treated
animals (Table I). The group treated with vehicle (HP-BCD)
has not shown any sign of motor block.
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Comparisons between plain drugs (S50-R50 and S75-R25)
have shown that S75-R25 has induced shorter onset (p <
0.001) in all tested concentrations, although lower motor
block intensity has been observed in 0.125% concentration
(p<0.001asshownbyE.xvalues)as comparedto S50-R50.
However, motorblock recovery time and total effect (AUC)in-
duced by both commercial preparations were similar.
Complexed formulations with S50-R50 have induced shorter
motor block onsetas compared to plaindrugin all tested con-
centrations (p <0.01 forinclusion complexes 1:1and 1:2). In
addition, statistical analysis has also revealed differences
between R50ppg.cp (1:2) @and S50-R50 for Trax (p < 0.05), re-
coverytimeand AUC (p<0.001and p <0.05, respectively)in
0.5% concentration.

With systems S75-R25upp.cp (1:1 ¢ 1:2), ONset was significantly
shorter (p < 0.05 and p < 0.01, respectively) as compared to
plain formulation in different concentrations. AUC was signifi-
cantly higher (p < 0.05) for the complex in 1:2 molar ratio as
compared to 1:1 complex and plain formulation in 0.5% con-
centration.

Sensory Block Evaluation

Sensory block evaluation by PWTP test has shown concen-
tration-dependent ratios for plain formulations and inclusion
complexes of S50-R50 or S75-R25 with HPB-CD. Effects of
treatment with HPB-CD, plain and complexed drugs were
evaluated along time (Figures 3 and 4).

Vehicle infiltration in the sciatic nerve has not changed base-
line values for pain threshold in mice. However, all formula-
tions have increased treated animals pain threshold, which
was statistically different as compared to control group (p <
0.001). In addition, complexes with HP3-CD have increased
sensory block duration and intensity as compared to plain
drugs (p < 0.001). However comparisons between com-
plexes(1:1and 1:2,inall concentrations) have shown similar
sensory block profiles.

Complexed formulations, S50-R50upg.cpo(1:1 and 1:2) have
changed animals response to mechanical stimulation at
PWTP, increasing pain threshold and nociceptive effect du-
ration. Complexes in 0.125% concentration have induced
longeranalgesia (upto4 hours)and effectintensity (approxi-
mately 2-fold at 120 minutes, p <0.001) as compared to plain
formulation (Figure 3A). Complexed formulations in 0.25%
concentration have also improved analgesic effect at 150
minutes as compared to S50-R50 (2-fold, p<0.001) (Figure
3B). Complexed formulations at 0.5% have shown similar
profile as intermediate concentration, being the analgesic
intensity significantly higher (p <0.001) as compared to plain
drug (Figure 3C).

Ingroups treated withcomplexes S75-R25pg_cp (1:1e1:2)in dif-
ferent concentrations, analgesic intensity was approxi-
mately 1.5to 1.8-fold higher with complexed drugs (p <0.001
in 0.125% and 0.25% concentrations) as compared to plain
drug (240 to 300 minutes x 150 to 300 minutes, respectively)
(Figures4Aand4B).In0.5% concentration, although analge-
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Table | - Onset, Tmax, Recovery Time, Enax and Total Motor Block Effect (AUC) Induced by Formulations S50-R50 or S75-R25
Plain and Complexed with HPB-CD (1:1 and 1:2) during Sciatic Nerve Block in Mice

Concentration Groups Onset Recovery Time Emax AUC

(%) (sec.) (min.) (score) (score/h)

0.125% $50-R50 60 (60 - 120) 3(2-3) 20 (-) 2() 22.5 (19 - 28)
$50-R50pp.cp (1:1) 30 (30 - 60)*" 1(1-2) 30 (20 - 40) 1(1-2) 24 (17 - 36)
S50-R501pp.cp (1:2) 25 (15 - 35)°" 1(1-4) 40 (30 - 50)” 1(1-2) 34 (24 - 48)
S75-R25 40 (38 - 46)"" 30 (30 - 50) 1¢) 34 (24 - 44)
S75-R25upp.c0 (1:1) 30 (25 - 40)° 1(1-3) 40 (20 - 60) 1(-) 34 (24 - 54)
S75-R25upg.c0 (12) 20 (18 - 25)*" 2(1-2) 40 (30 - 60) 1(1-2) 47.5 (27 - 54)

0.25% $50-R50 60 (60 - 120) 2(2-3) 40 (30 - 40) 2(-) 41 (37 - 58)
$50-R501pp.c (1:1) 30 (30 - 60)*" 1(1-2) 50 (40 - 60) 2(1-2) 60 (44 - 78)
S50-R501pp.cp (1:2) 20 (20 - 30)°" 2(1-3) 70 (50 - 80)° 2(1-2) 67 (44 - 80)”
S75-R25 40 (38 - 46)"” 30 (30 - 50) 1() 34 (24 - 44)
S75-R25upp.c0 (1:1) 25 (20 - 30)” 60 (30 - 60) 1(1-2) 54 (24 - 54)
S75-R25upp.cp (1:2) 18 (17 - 22)*" 2(1-4) 70 (40 - 80) 2(1-2) 74 (48 - 78)

0.5% $50-R50 60 (-) 50 (30 - 60) 2() 58 (50 - 88)
S50-R504pp.co (1:1) 30 (-7 1(1-2) 60 (50 - 70) 2(-) 88 (78 - 98)
S50-R501pp.cp (1:2) 15 (10 - 17)°" 2(1-3)” 90 (80 - 100)*” 2(-) 100.5 (97.5 - 108)™
S75-R525 40 (35 - 45)"" 1(1-3) 60 (40 - 60) 2() 67.5 (50.5 - 68)
S75-R25upp.c0 (1:1) 17 (15 - 25)°" 1(1-3) 60 (50 - 60) 2(1-2) 60 (49 - 68)
S75-R25upp.cp (1:2) 12 (10 - 12)*" 2(1-2) 90 (60 - 100)* 2(1-2) 97.5 (68 - 118)*

Data in Median (minimum limit - maximum limit) (n = 7/grupo). a S50-R504pp.cp (1:1) versus S50-R50; b S50-R504pgs-cp (1:2) versus S50-R50; ¢ S75-R25upp.cp (1:1)
versus S75-R25; d S75-R25ypp.cp (1:2) versus S75-R25; e S75-R25.pp.cp (1:2) versus S75-R25pp.co (1:1); F S75-R25 versus S50-R50. *p < 0.05, ** p<0.01 e ***

p < 0.001 (Kruskal-Wallis Test)

sic duration with complexes has been similar to plain drug,
post-complexes pain threshold was significantly higher (p <
0.01) (Figure 4C).

DISCUSSION

CD may be described as cylindrical capsules with internal
hydrophobic cavity which, once filled with a molecule of
compatible molecular size and polarity, generate inclusion
complexes. For several conveniences (price, availability,
cavity size) B-CD has become the most widely used CD for
complexation and release systems ofdrugs. However, its low
water solubility and nephrotoxicity have directed research to
the synthesis of more soluble, less toxic and more adequate
CD for parenteral use, such as hydroxypropil-CD ’
(HPB-CD). Our study has used HPB-CD aiming at minimizing
problems of CD pharmaceutical use, especially low water
solubility and systemic toxicity.

Studies have shown that HPB-CD and some other CD deriva-
tives (sulfated CD), have increased the solubility of LA such
as etidocaine, lidocaine, prilocaine, mepivacaine and espe-
cially bupivacaine '® in addition to improving their therapeu-
tic index 3. In fact, this study has shown linear increase in
S50-R50 and S75-R25 solubility, which were favored by in-
clusion complexes formation with HPB-CD. Similar
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physico-chemical characteristics of S50-R50 and S75-R25
have oriented complexation with HPB-CD determining simi-
lar affinity constantvalues andindicating favorable drug posi-
tioning in CD hydrophobic cavity.

The sciatic nerve blockade in mice was choosed becauseitis
awelldescribed experimentalmodel tostudy LA'*1%17:20.21,
Treatmentwith plain S50-R50 and S75-R25 (0.125%; 0.25%
and 0.5%) formulations has shown that motor block induced
by S75-R25 was similar but lower in intensity as compared to
S50-R50. The administration of S75-R25 in mice has in-
creased intensity and prolonged analgesia as compared to
S50-R50, especially in lower concentrations (0.125% and
0.25%). Literature reports that S75-R25 provides satisfac-
tory conditions for surgical procedures with adequate motor
and sensory blocks ?2?% prolonging postoperative analgesia
as compared to S50-R50 ?*. In addition, S75-R25 has shown
to be safer than S50-R50 ****°, which has motivated investi-
gations with complexed S75-R25 HPB-CD formulations.
Our results have shown that complexed formulations with
HPB-CD have significantly shortened onsetwithoutchanging
motor block intensity (Enax) @as compared to plain formula-
tions. Other parameters, suchas motorblock duration and to-
tal LA effect (AUC) were only affected by complexes in 1:2
molar ratio (LA:CD). These effects were probably due to
HPB-CD properties, such as higher water solubility, helping
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Figure 3 - Effect versus Time Curves in PWTP test for Groups trea-

ted with vehicle (HPB-CD), S50-R50, S50-R504pg-cp (1:1) and
8§50-R504pp-cp (1:2)at 0.125% (A), 0.25% (B) and 0.5% Concen-
trations (C)
Values in Mean + SD (n = 7). a S50-R50 versus HP(-CD, b
SSO-RSOHPQ_CD“ 1)versus HPB CD ¢ S50- R50Hpﬁ -CcD(1:2) VErsus
HPﬁ CD d S50-R5 OHPﬁ cDh (1:1) Versus S50- R50 e
S50-R504pp.cp (1:2) versus S50- I&SO * p< 0.05, ** p <O. 01,
***p<0. 061 (Analysis of Variance)

the access of hydrophobic anesthetics such as S50-R50 and
S75-R25, to the site of action.

In comparing plain formulations and systems with HP3-CD
forboth anesthetics, ithas been observed abenefitinanalge-
siaintensityanddurationin alltested concentrations, indicat-
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Figure 4 - Effect versus Time Curves in PWTP test for groups trea-
ted with vehicle (HPB-CD), S75-R25, S75-R25p4.cp (1:1) and
S75-R25Hp5.co (1:2) at 0,125'% (A), 0.25% (B) and 5% é
Values in Mean + SD (n = 7). a S75-R25 versus HPp- CD b
S75-R25Hpﬁ_co(1;1) versus HP[_))-CD, Cc S75-R25Hpﬁ.CD(1;2) versus
HPB-CD d S75-R254ps.co (1:1) versus S75-R25, e
S75-R25ypp-co (1:2) versus S75-R25. * p< 0.05, ** p < 0. 01
**p<0. 081 (AnaIyS|s of Variance)

ing differential nervous block potentiation due to interaction
both of S50-R50 and S75-R25 with HPB-CD, thus increasing
permanence time of LA in the site of action.

Changes in LA:CD molar ratio have shown that 1:2 com-
plexes have prolonged motor block recovery time as com-
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pared to plain formulations in all concentrations (0.125%;
0.25% and 0.5% for S50-R50 and 0.5% for S75-R25), al-
though 1:1 and 1:2 complexes were not different between
them after comparing sensory block quality and/or duration.
This LA pharmacodynamic change may be an inherent
HPB-CD effect (since it was observed both with S50-R50 and
S75-R25), due to factors such as differences in drug transfer
ratio or complex dissociation in relation to HP3-CD 8
LArelease systemsaimprimarilyatimprovingdrugtherapeu-
tic index to treat acute postoperative pain, decreasing sys-
temic toxicity and acting more on sensory than on motor fi-
bers ®'". More pronounced analgesic effects obtained after
complexation with HPB-CD make S50-R504pgs.co and
S75-R254pp.cp Of greatinteresttorelieve postoperative pain,
with the advantage of being administered in lower concentra-
tions as compared to commercially available LA. However,
for being potentially less toxic, enantiomeric bupivacaine
mixture (S75-R25) is an alternative for the development of
more effective and safer drug release systems as compared
to bupivacaine (S50-R50).
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RESUMEN

Araujo DR, Fraceto LF, Braga AFA, Paula E - Sistemas de Libe-
racién Controlada con Bupivacaina Racémica (S50-R50) y
Mescla Enantiomérica de Bupivacaina (S75-R25): Efectos de
la Complexacion con Ciclodextrinas en el Bloqueo del Nervio
Ciatico en Ratones

JUSTIFICATIVA Y OBJETIVOS: Los efectos adversos
asociados al uso de bupivacaina llevaron a la busqueda por
nuevos anestésicos locales (AL) con perfil de bloqueo
semejante y menos toéxicos, surgiendo nuevas preparaciones
como la mezcla enantiomérica de bupivacaina (S75-R25). Los
sistemas de liberaciéon controlada, conteniendo AL en
carreadores como ciclodextrinas (CD), tienen como objetivo
mejorar la eficacia anestésica y el indice terapéutico de esas
drogas. Este estudio visé la preparacion, caracterizaciéon y
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evaluaciéon de la eficacia anestésica de los complejos de
inclusion de la mezcla enantiomérica de la bupivacaina
(S75-R25) y de la bupivacaina racémica (S50-R50) con
hidroxipropilB-ciclodextrina (HPB-CD) comparandolos con las
preparaciones actualmente utilizadas en la clinica.

METODO: Los complejos de inclusién fueron preparados
mezclandose cantidades apropiadas de HPB-CD y S50-R50 6
S75-R25 en las razones molares (1:1y 1:2) y caracterizados
por estudios de solubilidad de fases. Se determinaron las
constantes de afinidad (K) de cada AL por la HPB-CD. Los
bloqueos motor y sensorial inducidos por las drogas libres y
complejadas fueron evaluados en ratones, através del bloqueo
del nervio ciatico. Para la realizacion de los experimentos, se
utilizaron tres concentraciones de AL: 0,125, 0,25y 0,5 %.

RESULTADOS: Los estudios de solubilidad indicaron la
formacion de complejos de inclusion de S50-R50 y S75-R25
con HPB-CD, con valores de constante de afinidad (K)
analogos para los dos anestésicos: 14,7 Mm-1 (S50-R50:
HP-BCD) y 14,3 m-1 (S75-R25: HP-BCD). Las pruebas en
animales mostraron que la complejidad potencié el bloqueo
nervioso diferencial inducido por los AL: i) la duracion del
bloqueo motor inducido por S75-R25 fue analogo al del
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S50-R50, pero menos intenso (p < 0,001). Ya los complejos,
S50-R50HpPBR-cD Y S75-R25 Hpg-cp redujeron la latencia (p <
0,01yp< 0,(£3 , respectivamente) sin modificar la intensidad del
bloqueo motor (Emax), con relacion a las drogas libres; ii) la
evaluacién del bloqueo sensorial mostré un aumento en la
intensidad de la analgesia con los sistemas S50-R50 Hpp-CD
(2veces, p<0,001)y S75-R25 Hpg-cD (1,5-1,8 veces; p<0,01
yp <0,001, respectivamente), en las dos proporciones molares
(1:1y 1:2, AL:CD), ademés del prolongamiento de la duracion
del efecto analgésico, cuando comparados a las formulaciones
S50-R50 y S75-R25.

CONCLUSIONES: Los efectos analgésicos mas pronunciados
logrados después de la complexacion con HPB-CD muestran
que ambas formulaciones, S50-R50 Hpp-cD y S75-R25
HPB-CD, son de grande interés para el alivio del dolor en el
periodo postoperatorio, con la ventaja de ser administradas en
menores concentraciones. Mientras, hay que resaltar que la
mezcla enantiomérica de bupivacaina (S75-R25), por ser una
droga menos toxica, representa una alternativa en el desarrollo
de formulaciones de liberacién controlada mas seguras y
eficaces de que con la bupivacaina racémica (S50-R50).
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