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RESUMO

O objetivo deste trabalho foi realizar trés ensaios de farmacologia
clinica, determinando diversos valores farmacocinéticos e utilizando-os para
comparar duas formulagdes (em cada ensaio) da mesma droga, com origens
diferentes. Os parametros analisados para elaboragéo do parecer gquanto a
bioequivaléncia foram AUCo12 (24) ou (48) ] © Cmax.

Foram utilizados trés grupos de voluntarios sadios para que se obter
as informagoes. Cada estudo foi composto por dois grupos de voluntarios que
se alternavam passando por dois periodos de internacdo cada, portanto todos
os voluntarios receberam as duas formulagdes da droga em estudo, sempre
respeitando um periodo de, no minimo, duas semanas de intervalo entre as
internacdes. Este perfodo garantia a total eliminacdo de uma formuiacao
antes da administragdo da proxima.

As drogas utilizadas foram: estudo 1- Ciclosporina solugéo oral a-
ciclospor (Biosintética) e b- Sandimmun Neoral (Sandoz); estudo 2-
Lincomicina capsula, a- Lincomicina (abbott) e b- Lincocin (Upjohn) e estudo
3. Ambroxol capsula, a- Ambril (Merck S.A.) e b- Ambroxol (Euderma SPA).

Cada estudo obedeceu a legislagdo nacional, seguindo sempre 08
padrées mundiais estipulados pela OMS e aqueles regulamentados peio
EDA. Os estudos foram realizados utilizando 24, 14 e 18 voluntarios para
ciclosporina, lincomicina ¢ ambroxol respectivamente.

Todos os protocolos foram submetidos & apreciagao do Comité de
Etica em Pesquisa ou ao dérgéo correspondente & aprovados antes de sua
execucao. Durante cada perfodo de internacdo os voluntarios receberam uma
linica dose de cada uma das drogas, obedecendo os seguintes critérios: 5 mg
por kilo de peso corporal de cada uma das formulagbes de ciclosporina
diluidas em suco de laranja ou leite achocolatado; uma capsula contendo 75
mg de ambroxol de cada uma das formulagées em estudo acompanhada, por
um copo de agua fresca; uma capsula de lincomicina contendo 500 mg de

cada uma das formulagdes em estudo, acompanhada por um copo de agua

fresca. Os voluntarios receberam os medicamentos de forma randomizada €
alternada dentro de cada estudo, permanecendo internados por periodo de
36 horas para avaliagdo imediatamente anterior e acompanhamento médico
apds a administragéo do farmaco em estudo. Foram coletadas amostras de

sangue de forma seriada por periodo de tempo de 12 horas (lincomicina), 24
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horas (ciclosporina) e 48 horas (ambroxol). Cada uma das amostras foi

processada de forma a ter tal concentragdo determinada para a droga em
estudo.

A metodologia adequada, de acordo com sensibilidade e
especificidade, fol estabelecida para cada um dos estudos sendo que para
dosagem de ciclosporina utilizamos o método de RIA para sangue total, o kit
encontrado comercialmente possui Ac monoclonal altamente especifico,
necessitando apenas uma extragdo com etanol e incubagao com a solugéo
de trabalho, com posterior contagem em contador de radiagdo gama. Para a
determinagdo dos niveis de ambroxol foi utilizado o sisterna de HPLC. Apos
centrifugag@o procedeu-se a uma extracdo com tampao tetraborato de sédio
(pH 9.0), dietil éter e acido cloridrico e, posteriormente, hidréxido de potassio.
em coluna (Nucleosil C18 10 4.6 x 250 mm), com fluxo de 1.4 mi/min, tendo
o eluente sido monitorado constantemente em comprimento de onda de 242

nm, o padrdo interno foi obtido com bupivacaina. A determinagdo das
concentracbes plasmaticas de lincomicina foram obtidas atraves de ensaio
bioldgico, utilizando meio de cultura BHI contaminado com bactéria (Sarcina
iutea) até 0.4 AU em comprimento de onda de 550 nm, e posteriormente,
diluido em agar para distribuicdo em placas de Petri. Apés o resfriamento
total e a formacao do gel, foram realizados orificios no meio e ali aplicadas as
amostras de soro, previamente separada do sangue total, de cada paciente.
O didmetro do halo formado apos incubagéo a 37°C por 24h foi medido e
comparado com os de referéncia, obtendo-se assim os valores das
concentragdes de lincomicina.

A utilizacdo de software adequado para cada ensaio clinico
demonstrou claramente que: |
- No estudo de farmacocinética comparada de duas formulagbes de

ciclosporina em solucéo oral, ha bioequivaléncia entre ambas.

- No estudo de farmacocinética comparada de duas formulagdes de

lincomicina em capsulas, ndo ha bioequivaléncia entre ambas.
- No estudo de farmacocinética comparada de duas formulacbes de

ambroxol em capsulas, néo ha bioequivaléncia entre ambas.
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1- Introducio Geral
A necessidade do homem em atenuar o sofrimento decorrente de

processos patolégicos fez com que se desenvolvessem procedimentos e
produtos com tal finalidade. Dentre estes produtos, denominamos
medicamento as substdncias que ao serem administradas causardo um
beneficio maior que seu efeito adverso eventual. Os termos “drogas” ou
“farmacos” também sao usados para definir medicamentos de forma geral.

As drogas podem ser administradas por diversas vias (intravenosa,
intramuscular, oral, retal, topica, efc...), porem necessitam um periodo de
tempo para que possam passar do local onde foram administrados para o
espago vascular (exceto quando administrada por via intravenosa). Este
processo chama-se absorcéo, sendo fundamental para que o medicamento
possa ser transportado ao local onde devera agir para causar seu efeito. Aos
mecanismos envolvidos com o transporte da droga chamamos “distribuicdo”.
Quanto mais lipossolivel uma determinada droga for, mais faciimente
atravessara as membranas celulares que se interpéem entre ela e seu local
de acao, sobretudo quando fora do espacgo vascular. Cabe principalmente ac
figado modificar as moléculas dos medicamentos, tornando-0os menos
lipossoluveis, rompendo suas moléculas, produzindo metabdlitos, ou
adicionando novos componentes, impedindo-os de sairem dos vasos €
facilitando a sua eliminagdo do organismo. Ao processo de eliminagéo das
drogas do organismo, damos o nome de excregao.

Farmacocinética é a parte da farmacologia que estuda os fendmenos
envolvidos com absorgéo, biotransformacgéo e excregdo de drogas, enquanto
a farmacodindmica estuda o efeito de drogas, bem como os mecanismos
pelos quais elas atuam.

O desenvolvimento cada vez maior de novas substdncias com
potencial terapéutico, bem como a comercializagao de produto similares por
diferentes empresas, tem estimulado novos metodos para seu controle de
qualidade. Os ensaios clinicos tornaram-se importantes ferramentas para
avaliar isolada ou de forma comparativa informag¢bes farmacocinéticas e

farmacodinamicas.
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O desenvolvimento e regulamentacdo de ensaios clinicos tornaram-se

reconhecidamente mais importantes a partir da década de 50, quando
passaram a ser conduzidos de acordo com os interesses cientificos e éticos.

Em 1753 Lind planejou e desenvolveu um dos primeiros ensaios
clinicos de que se tem noticia. Em seu trabalho, utilizou 12 pacientes
portadores de escorbuto, dividindo-os em grupos e tratamentos diferentes.
Louis (1835) executou importante estudo, demonstrando que a terapia de
sangria quando efetuada para tratamento de pneumonia (78 casos), erisipela
(33 casos) e inflamacio de garganta (23 casos), ndo causa qualquer
beneficio quando comparado ao grupo controle. Este resultado foi
fundamental para o fim de tal pratica. Sutton (1865) realizou o primeiro
trabalho descrito com o uso de placebo como controle e demonstrou a
tendéncia natural de cura em alguns casos de febre reumatica. Holmes
(1891) indicou a necessidade de progressos nas pesquisas clinicas dos
Estados Unidos para diminuir a incidéncia de auto medicagdo num publico
que ‘insiste em ser  envenenado”. Em 1815, Greenwood e Yale
demonstraram a importancia da distribuicao dos pacientes em grupos para a
validacio de resultados. Fergusson e colaboradores em 1927 foram,
provavelmente os primeiros a introduzir o conceito de “cego” aos estudos
clinicos, fazendo testes com vacinas.

Na década de 30 as principais areas geradoras de ensaios clinicos
eram as sulfonamidas e as drogas anti - malaricas. Colebrook e Perdie (1937)
mostraram uma redugéo de na mortalidade de 22 para 8% com o uso de
sulfonamidas na febre pos - parto, quando comparado com o grupo de
controle, pefo histérico de pacientes tratados no mesmo hospital,

A descoberta da penicilina pode ser considerada o mais importante
avango terapéutico do século vinte, levando a eiaborégéo de um ensaio
clinico com grande nimero de pacientes e medicos colaboradores, que teve
lugar no norte da Africa, porém com os primeiros resultados, os médicos
passaram a utiliza-la em pacientes mais graves do que aqueles propostos,
quase prejudicando o resultado final do estudo.:

E geralmente aceito que o primeiro ensaio clinico com um grupo de
controle aleatério ( randomizado ) foi realizado para a estreptomicina, em
tratamento de tuberculose pulmonar. Este ensaio foi notavel pelo grau de

cuidado no planejamento, execugdo e relato, tragos desejados nos ensaios
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clinicos atuais. Varios centros foram utilizados, bem como a distribuicéo

aleatéria para o tratamento, sendo 0s grupos divididos em tratados com a
droga e repouso € apenas repouso, feito com envelopes lacrados, as
radiografias avaliadas por trés médicos de forma independente e sem
conhecimento prévio de outros laudos € do tratamento aplicado ao paciente.
Os resultados validaram amplamente o uso de estreptomicina. Outro estudo,
por sua vez, demonstrou que 0 UsO de anti histaminicos no tratamento da
gripe n&o apresenta vantagens ao ser comparado com o placebo. Neste
estudo foi introduzido o duplo cego, onde nem medico nem paciente tinham
conhecimento prévio sobre a formulagéo administrada.

Sir Austin Bradford Hill foi o principal pesquisador envolvido com
ensaios clinicos no “Medical Research Council’, tendo organizado varios
estudos clinicos e publicado diversos artigos sobre conducdo destes
protocolos, demonstrando a importadncia da escolha dos pacientes,
randomizacao, avaliagio objetiva e analise estatistica.

Segundo Bull (1959), os motivos que retardaram o progressc dos
ensaios clinicos foram "reveréncia a autoridade, relacionamento entre medico
e paciente, poucos registros, faita de facilidades para investigagéo e falta de
remédios ativos”. A razéo mais importante para o desenvolvimento de novos
estudos foi a crescente preocupagdo com o tratamento de doengas nao
transmissiveis.

A industria farmacéutica sofreu uma enorme expansao nos Ultimos 40
anos, € com isso novas drogas tem sido descobertas e sintetizadas desde
entao. Antes da Il guerra mundial ndo havia qualquer controle para que uma
droga pudesse ser livremente comercializada. Contudo nos Estados Unidos
ja existia, desde 1938, legislagéo para uso de drogas em animais. Foi apenas
na década de 60, com a catastrofe da talidomida, qué tanto os Estados
Unidos como a Inglaterra, intensificaram as regulamentagdes para execugac
de ensaios em humanos. A partir de 1963 tem sido obrigatéria'a aprovacao
oficial para a droga entrar para um ensaio clinico e posteriormente nova
aprovacao para ser comercializada no Reino Unido. Nos Estados Unidos, o
FDA (Food ad Drug Administration), desenvolveu a aplicou diretrizes a partir
da década de 70 para a elaboragdo de um modelo seguro de pesquisa

clinica, seguido por muitos outros paises, diferindo do modelo britanico,
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principalmente por valorizar sobremaneira a documentacao dos dados

obtidos.

E, sem duvida, verdadeira a afirmagéo de que hoje se faz mais ensaios
clinicos do que em outras épocas, sendo em sua grande maioria financiados
pela propria industria farmacéutica. Na Ultima década tem se investido
principalmente em trés linhas de drogas, as de acgfo anti infecciosa, as que
atuam no sistema nervoso central e as ativas sobre o sistema cardio
vascular. Apenas uma em dez mil drogas sintetizadas atinge a fase de ensaio
clinico, isso explica por que & gasto mais com ensaios pré clinicos do que
com clinicos. Alem disso, apenas cerca de 20% destas serdo geralmente
comercializadas. Todo este processo gasta cerca de 7 a 10 anos para colocar
uma droga nova no mercado, com um custo estimado de 54 milhdes de
délares (HANSEM, 1976).

No Brasil houve um grande salto tanto qualitativo quanto quantitativo

nos trabalhos cientificos relacionados a farmacologia clinica com o
surgimento da Unidade de Farmacologia Clinica "Miguel Servet", que foi
idealizada e montada a partir do inicio de 1990 e, desde entdo, vem
realizando diversos estudos envolvendo ensaios clinicos inclusive de fase | e
toxicologicos.

Os ensaios clinicos sado classificados dentro de quatro grupos,
chamados fases. Estas quatro fases sdo uma diretriz geral de como os

programas de pesquisa para um novo tratamento poderiam se desenvolver.

Ensaio clinico de fase |

Tem como principal objetivo ter conhecimento sobre toxicidade da
droga e ndo, particularmente, eficacia. Usualmente séo utilizados voluntarios
sadios. O primeiro objetivo é determinar uma dosagem' unica aceitavel da
droga, ou seja, o quanto de determinada droga pode ser administrado a um
individuo sem causar efeitos colaterais severos. Tal informagéo é geralmente

obtida com escalonamento de doses. A fase | envolve também estudos de

biodisponibilidade e metabolismo da droga. Posteriormente estudos com

multiplas doses serdo empregados para determinar um programa apropriado

de doses para a fase Il
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Ensaios de fase li

S&o geralmente em pequena escala, determinando eficacia e
seguranca de uma droga, requer monitoramento junto a cada paciente. Os
ensaios de fase Il servem como um processo de separacao, para selecionar

as drogas com real potencial terap&utico das inativas ou téxicas.

Ensaio de fase Il

Este ensaio envolve a avaliagdo em escala completa de tratamento
apos uma droga ter mostrado ser inegavelmente eficaz, sendo essencial a
sua comparagdo com outros eventuais tratamentos. Para alguns
pesquisadores o termo ensaio clinico se refere especificamente a fase lll, que
& mais rigoroso e extenso tipo de investigacao clinica cientifica de um novo

tratamento.

Ensaio de fase IV

Apo6s o principal programa de pesquisas para a droga ser aprovada
para comercializacéo, resta ainda investigacées referentes a efeitos adversos
e adicionais de larga escala, além de efeitos tardios de morbidade e
mortalidade. Os ensaios clinicos com objetivo de investigar a bioequivaléncia
entre duas drogas é considerado como fase IV por tratar-se de estudo pos

comercializagao.

Conceitos e defini¢cdes

Farmacocinética - Parte da farmacologia éncarregada de estudar os
fendmenos envolvidos nos processos de absorgédo, distribuigdo, metabolismo
e excrecdo de um medicamento. O comportamento farmacocinético de uma
nova droga €, normalmente, determinado em animais antes de ser utilizado
em humanos. Os testes em animais de laboratério seguem até o ponto em
que se faz necessario obter resultados em experimentos clinicos envolvendo
seres humanos, pois existem variagbes nos par@metros farmacocinéticos
quando comparamos resuitados obtidos em animais e em humanos.
Biodisponibilidade - refere-se a quantidade de determinada droga,
encontrada no sangue apo6s sua absorgdo do local onde foi administrada. Os
valores de concentracdo no sangue para uma droga administrada por via oral

quando comparados com os valores da mesma droga administrada por via
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infravenosa nos o parametro conhecido como biodisponibilidade absoluta,

quando a comparagdo €& feita com outra droga, chamada de padrao
administrada pela mesma via, chamamos de biodisponibilidade relativa.
Diversos fatores relacionados com a droga em teste - meia vida, indugéo
enzimatica, sinergismo - ou com o paciente - idade, sexo, jejum, uso de
outros medicamentos - podem causar importantes alteragdes na
biodisponibilidade.

Cmax - Pico de concentragdo da droga no sangue, referindo-se ao valor
maximo atingido pela droga apds sua administragéo. _

tmax- 1€mMpo no qual ocorre o pico de concentragdo da droga no
sangue ap6s sua administragéo

AUC - Area sob a curva de concentragdo numa unidade de tempo.
Enguanto Chax © tnex S80 obtidos apenas montando-se o grafico das
dosagens da droga, a AUC pode ser determinada utilizando-se a regra da

soma dos trapézios.

Bicequivaléncia - Duas drogas s&oc consideradas equivalentes
farmacéuticos quando possuem o0s mesmos ingredientes ativos e séo
idénticas quanto a formulagac e via de administragdo. Para que possam ser
consideradas bioequivalentes devemn apresentar taxa e extensio de absorgéo
do principio ativo, bem como excrecéo dentro de limites aceitos por estatistica
adequada.

Utilizando as informacbes farmacocinéticas obtidas através de
métodos especificos e de acordo com protocolo clinico adequado
objetivamos realizar trés ensaios clinicos de bioequivaléncia, para
ciclosporina, lincomicina e ambroxol respectivamente.
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2. Estudo de bioequivaléncia de duas formulagbes de ciclosporina -~
solugio oral - em voluntarios sadios.

2.1- Introdugao

Os procedimentos envolvendo transplantes de orgdos sempre tiveram
como obstaculo para seu sSucesso a rejeicdo que o 0rgao transplantado
poderiam causar ao paciente receptor. Embora, ja nas décadas de 50 e 60
existissem métodos para levar o paciente a um estado de imuno supressao,
foi com a descoberta da ciclosporina e sua acdo mais seletiva que a
sobrevida dos pacientes portadores de transplantes foi prolongada,
melhorando também sua qualidade (BOREL et al, 1976).

A ciclosporina € um polipeptidio ciclico obtido primariamente como
metabblito em culturas dos fungos: Tolypocladium inflatum, Trichoderma
polysporum e  Cylindrocarpon ilucidivum, tendo sido posteriormente
sintetizada. Composta por onze aminoacidos (R-(R1R-~(E)-ciclico~(L-alanil-D-
alanil-N-metil-L-leucil-N-metil-L- leucil - N - metil - L - vanil - 3 - hidroxi - N4 -
dimetil - L - 2amino - 6 —octenoil-L-o-aminobutirl-N-metilglicil-N-metil-L-leucil-
L-valil-N-metil-L-leucil), com férmula quimica Ce2H111N11012, peso molecular
de 1202 daltons (TUTSCHKA,1982a,b). Foi descoberta em 1976 por Borel e
colaboradores, tendo como principal caracteristica seu efeito imuno supressor
gue em animais prolonga a sobrevida ap6s transplante de pele, coragao, Am,
pancreas, medula dssea, intestino delgado e pulméo potente (BOREL et al,
1976; BOREL, 1983).

Apenas por razbes praticas foi proposto que a estrutura
correspondente a Ciclosporina A fosse chamada de Ciclosporina, enquanto
que os outros metabolitos fungicos semelhantes. Ciclosporinas B.C,D e E
(WENGER, 1883) passaram a ter nomenclatura de acordo com a dos
peptideos

Existe uma grande variagdo entre individuos com relagdo a |
biodisponibilidade da ciclosporina, bem como do tempo para se atingir 0 pico
da concentragdo no sangue, sendo esta, em média, de 3,8 horas. Tais
variagbes se devem a fatores como tempo de esvaziamento géstricd,
alteracdo da motilidade gastro intestinal e quantidade de secre¢ao
pancredtica (KAHAN, 1989).
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Absorgdo, Metabolismo e excregdo - A ciclosporina tem absorgéo

oral variavel (35-45%). A média de biodisponibilidade sistémica & 30% ( 20-
50%) ( BEVERIDGE et al, 1981; VON AHSEN et al, 1997), sendo que da
plasmatica, 33-43% estéo ligadas & fragdo HDL, 21-28% a fracdo LDL e 12-
18% a fragdo VLDL do colesterol (SGOUTAS et al, 1986). O pico de
concentracdo plasmatica & obtido 2-4 horas apés administragdo oral. A

depuracio plasmatica da droga é bifasica com meia vida de eliminagao de 1-

2 horas (fase o) e 27 horas (fase [3). A absor¢do de preparacdes orais é
extremamente reduzida em pacientes com distirbios gastrointestinais e sua
depuragdo plasmatica pode ser afetada por diversas interagdes
medicamentosas.

Estudos em animais e humanos mostram razdes entre tecido e sangue
variando de 2-10hs apo6s administracdo oral e intravenosa. Niveis elevados
ocorrem no figado, rim e glandulas endécrinas (adrenais, pancreas, timo e
tiredide), assim como nos linfonodos, bago e medula 6ssea. Niveis menores
do que o sanglinea ocorrem somente nos muasculos e cérebro
(NIEDERBERGER et al, 1983). No sangue, 60% esta ligada aos gldbulos
vermelhos, 10% aos leucocitos e 30% as lipoproteinas plasmaticas (WOOD
et al, 1983). A ciclosporina € excretada no leite materno.

A ciclosporina é convertida pelas isoenzimas da familia do citocromo
P-450, preferencialmente pela sub-familia 3A hepéatico em metabdlitos com
maior polaridade e que preservam a estrutura ciclica (BERTAULT-PERES et
al, 1987). O primeiro passo na biotransformacéo da droga é a hidroxilagéo no
aminoacido 1, seguida desmetilagdo do aminodcido 4 ou formagdo
intramolecular do éter tetrahidrofurano no aminoacido 1. O segundo passo
combina reacdes de desmetilagdo e hidroxilagdo (RYFFEL et al, 1988),
gerando pelo menos doze metabdlitos que s&c  excretados
predominantemente pela bile nas fezes (MAURER AND LAMAIRE, 1986) . A
administragio conjunta de drogas que interferem com o sistema do citocromo
P-450 podem afetar o metabolismo da ciclosporina (KAHAN and
GREVEL,1988; CHEN et al, 1994). Drogas que inibem o citocromo P-450
como metil prednisona, contraceptivos orais e eritromicina aumentam os
niveis circulantes de ciclosporina, enquanto drogas como fenobarbital e
carbamazepina, que sao indutores do citocromo P-450, diminuem as

concentragdes de ciclosporina no sangue.
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Toxicologia - A ciclosporina A néo apresenta potencial teratogénico

ou mutagénico quando administrada em doses terapéuticas
imunossupressivas em camundongos, ratos e cées. Toxicidade fetal e
embrionaria foi observada somente com doses muito altas, sendo tdxicas
também para mée destes animais ( RYFFEL, 1982)

Assim, como ocorre com outras drogas imunossupressoras ha um
aumento da incidéncia de linfomas em receptores de transplante humano gue
recebem ciclosporina A exclusivamente, ou em combinacdo com outras
drogas imunossupressoras, quando comparados com uma populagdo nio
imunossuprimida. Ha evidéncias de que isto seja uma conseguéncia da
diminui¢éo da vigilancia imune devido a imunossupresséo ( PENN, 1983).

Diversos estudos indicam que a ciclosporina inibe o desenvolvimento
das reagbes imuno-celulares. O efeito imuno supressor da ciclosporina
resulta da sua agado sobre os linfocitos T ( LILLEHOJ et al, 1984), de onde

tem origem a resposta imunoldgica ao tecido transplantado. A ciclosporina
atua bloqueando a producdo e a resposta a interleucina 2 (IL-2), uma
linfocina produzida pelos linfécitos T (LILLEHOJ et al, 1984; ELLIOT et al,
1984). As linfocinas séo fatores soltiveis secretados por linfécitos e monécitos
para estimular outras células, regulando a resposta a 6rgéos transplantados.
IL-2 promove expansdo de clones de linfécitos quando ativado pelos
antigenos do tecido transplantado. A ciclosporina inibe indiretamente a
funcdo dos mondécitos suprimindo a producdo de interferon e fator
quimiotaxico para macrofago ( HELIN et al, 1989; GRANELLI-PIPERNO et al,
1984; REEM et al, 1983). Como resuitado, 1L-1, produzida pelos monécitos &
inibida ( PALACIOS, 1982). IL-1 é um co fator para a ativagdo dos linfécitos
T-helper. A ciclosporina pode exercer também seus efeitos interferindo na
ligagdo dos antigenos transplantados com os seus recepfores nos linfocitos T
(KAUFMANN et al, 1984), bem como por mecanismos importantes e
independentes de IL-2 (MAGAE et al, 1996).

Tudo indica que a ciclosporina atue de maneira especifica e reversivel
sobre os linfécitos. Embora ainda nfo esteja totalmente estabelecido o seu
mecanismo de ac¢do, sabe-se que ocorre a ligagdo com uma protelna
intracelular, a ciclofilina (uma imunofilina da familia das isomerases), este
complexo bloqueia a acao reguladora da enzima calcioneurina, havendo

fortes indicios de ser este o alvo principal da ciclosporina, bem como de
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alguns de seus analogos ( SCHREIBER and CRABTREE, 1992). Ao contrario

dos citostaticos, o tratamento com ciclosporina n&o deprime a hematopoiese
e ndo exerce nenhum efeito sobre as funcdes dos fagdcitos. Em geral,
pacientes tratados com ciclosporina estdo menos suscetiveis a infecgbes do
que aqueles tratados com outros imuno-supressores.

Embora a ciclosporina seja responsavel por inegaveis beneficios
terapéuticos no que diz respeito a pacientes transplantados (KEOWN et al,
1981: BRITTON and PALACIOS, 1982; WHITE, 1982; MERION et al, 1984),
grande nimero de efeitos adversos tem sido demonstrados (BUSUTTIL,
1986), sendo os mais importantes relacionados a nefro e hepatotoxicidade
(HOWS et al, 1983; KAHAN et al, 4985, DURRANT et al, 1982,
SCHROEDER et al, 1986; BAUMHEFNER et al, 1984; HAMILTON et al,
1982). A absorgéo desta droga possui uma grande variagdo de pessoa para
pessoa ( KAUFMANN et al, 1984; SCREIBER and CRABTREE, 1982,

BRITTON and PLALACIOS, 1982). Praticamente toda a ciclosporina presente
no sangue estd ligada aos eritrécitos ou a proteinas plasmaticas (
YATSCOFF et al, 1984; ANNESLY et al, 1981; ANNESLY et al, 1986. Esta
distribuicdo ¢ afetada pela temperatura e pelo valor do hematécrito (
ANNESLY et al, 1986).

Os principais métodos utilizados para determinagdo dos niveis de
ciclosporina circulantes s&o o radicimunoensaio (RIA), a cromatografia liquida
de alta performance (HPLC) e a técnica de fluorescéncia (TDx). Estes
métodos tem sido comparados nos dltimos anos mostrando-se equivalentes
em termos de sensibilidade ( MCBRIDE et al, 1992; HOLT et al, 1988;
TREDGER et al, 1992: WOLF et al, 1989; BERGAN et al, 1993, VOGT and
WEISCH, 1988; SANGHVL et al, 1988; LEE et al, 1991).



21
2.2- Objetivos

Utilizando a metodologia do RIA, determinar os valores de
concentrago nos tempos pré estabelecidos para comparagdo da
férmacocinética de duas formulagdes de ciclosporina provenientes de
diferentes laboratorios, sendo Sandimmun (Sandoz) a referéncia e Ciclospor

(Biosintética) a droga em teste.

2.3- Material e métodos

Foram selecionados 24 voluntarios do sexo masculino, com idade de
18 a 40 anos, que ficaram internados por um periodo total de 3 dias,
divididos em 2 periodos de 36 horas, intercalados por 14 dias. Os voluntarios
encontravam-se sem uso de qualquer outro medicamento nas 4 semanas
anteriores a data de internagdo e dentro de 90% do ideal de superficie

corporal (relagdo peso/altura). A selecdo dos voluntarios foi realizada através
de consulta médica, incluindo rigorosos anamnese e exame fisico, além de

realizacdo de eletrocardiograma e exames laboratoriais que corroboraram

para a confirmagao do estado de higidez:

¢« Hemograma completo e velocidade de hemossedimentacao (VHS)
¢ Uréia e creatinina séricas

e Transaminases, fosfatase alcalina, gamma-GT e bilirrubinas

o Glicemia de jejum

» Proteina total e albumina

s Sodio/cloro e potassio

e Urinal

s Protoparasitoldgico

o Sorologias para HIV e hepatites tipos Be C

Uma vez avaliada a higidez, os voluntarios tiveram esclarecidas
todas as duvidas restantes, assinando o termo de consentimento (modelo
anexo) para participacdo no estudo.

Os voluntarios foram internados na véspera do inicio do estudo
tendo, desde entdo, assisténcia e cuidados médicos e de enfermagem
especializados. Receberam dieta geral até as 23 horas, permanecendo em

jejum para o inicio do ensaio clinico previsto para as 7 horas do dia. Foram
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realizadas coletas de sangue (5 mi ) através de "butterfly" heparinizado

introduzido em veia superficial do antebrago do voluntario, imediatamente
antes da administracdo do volume equivalente a 5mg/kg de uma das
preparagbes de ciclosporina. Outras amostras foram obtidas nos seguintes
tempos apos a administracéo da droga:

0.5;1.0;15; 2.0, 3.0, 4.0, 5.0, 6.0; 8.0; 10.0: 12.0; 18.0 e 24.0 horas.

Os voluntérios permaneceram em jejum para sélidos até 8 horas apés
a ingestio da Ciclosporina; a partir de entéo, receberam dieta geral. No total
foram coletadas 28 amostras de sangue (14 em cada periodo) para dosagem
de ciclosporina.

Em cada internagéo, os voluntarios receberam, por via oral, uma das
seguintes preparagdes farmacéuticas de Ciclosporina:

- Sandimmun Neoral (ciclosporina) Laboratério Sandoz, solugao oral com
100 mg por mililitro.

- Ciclospor® (ciclosporina) Laboratério Biosintética solugio oral com 100
fng por mililitro.

A concentracdo serica de ciclosporina foi determinada por
Radioimunoensaio - CYCLO-Trac® SP-Whole Blood, INCSTAR Corporation -
Stillwater, Minnesota, USA.

O método consiste numa extragao feita com metanol (metanol para
HPLC -~ MERCK) — 400ul/100ul de sangue total em tubo de vidro, agitagéo e
centrifugacéo por 15 minutos a 1600g (20-25°C), em seguida foram retirados
50ul do sobrenadante e adicionados 100ul do reativo marcado *°l -~ CYCLO-
Trac SP e, finalmente 1,0 mi do reativo Anti-CYCLO ~Trac SP ImmunoSep.
Os tubos foram imediatamente agitados e colocados para encubar por uma
hora a temperatura ambiente, procedeu-se a nova: centrifugagéo por 20
minutos a 1600g (20-25°C), decantando-se imediatamente o sobrenadante e
efetuando-se a contagem do precipitado em contador gama.

O reativo ImmunoSep consiste de anticorpo monoclonal anti-
ciclosporina de camundongo mais anticorpo-anti camundongo de burro. O
reativo radioativo é composto de um derivado de ciclosporina marcado com

'¥)). O método baseia-se na ligagao de anticorpo com as

isétopos de fodo (
moléculas de ciclosporina, ou seja, tendo concentracBes conhecidas de

ciclosporina marcada com radiacéo e de anticorpo anti ciclosporina, calcula-
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se a concentracao de ciclosporina no sangue, sendo que esta é inversamente

proporcional a quantidade de radiagéo do precipitado.

A concentragdo maxima atingida (Cmax ), o tempo para atingir a
concentracao maxima (Tmax) e a area sob a curva durante 24horas ( AUC o.
24 ) foram calculados e testes estatisticos paramétricos (ANOVA) e néo-
paramétricos (Wilcoxon) foram realizados para avaliagao de possiveis
diferencas significativas entre as duas preparagdes estudadas.

Trés dias apds o final do estudo, os voluntérios foram reavaliados
clinicamente e pelos mesmos exames subsidiarios realizados na fase pré-
estudo.

Os voluntarios foram ressarcidos pelas suas despesas e pelo tempo
despendido no valor de R$ 240,00 (duzentos e quarenta reais).

Durante um periodo de 6 meses, a partir da data de inicio do estudo
clinico, os voluntarios permaneceram sob cobertura de um seguro de vida em

grupo da companhia Vera Cruz, para casos de morte, invalidez permanente e

acidentes.
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Voluntario 12 Periodo 2¢ Periodo Pesolkg Dose/mg
01- FRM Sandoz Biosintética 71.5 300
02- EAS Sandoz Biosintética 75.6 300
03- MAS Biosintética Sandoz 78.7 400
04- GP Biosintética Sandoz 84.0 400
05- RCD Sandoz Biosintética 51.2 200
06- EBCF Sandoz Biosintética 67.5 300
07- CMA Biosintética Sandoz 81.2 400
08- RMS Biosintéetica Sandoz 71.6 300
09- JCAG Biosintética Sandoz 77.0 300
10- AAR Sandoz Biosintética 70.0 300
11- AHR Sandoz Biosintética  [62.0 300
12- ASS Sandoz Biosintética 80.0 300
13- CRM Biosintetica Sandoz 68.6 300
14- ADSR Biosintética Sandoz 70.5 300
15- PRM Sandoz Biosintética 72.9 300
16- OBDS Sandoz Biosintética 95.0 500
17- CAS Biosintética Sandoz 97.0 500
18- SL Biosintética Sandoz 69.5 300
19- AS Biosintética Sandoz 69.5 300
20- PCM Sandoz Biosintética 100 500
21- LAP Sandoz Biosintética 77.0 400
22- JMP Biosintética Sandoz 76.2 400
23- VBMN Biosintética Sandoz 67.7 300
24- LDF Sandoz Biosintética 77.3 400

2.4- Tabela de randomizagéo - ciclosporina




2.5- Resultados

Sandimmun (Sandoz) Ciclospor (Biosintética)
Voluntario | AUCyp.2ary | Tmax | Cmax | AUCo24n | Tmax Cmax
ng/h/mi (h) (ng/ml) | ng/himi (h) (ng/mi}
VOL 1 7495 2 1889 6158 1 1692
VOL 2 8282 1 1848 7665 1 2062
VOL 3 12030 1 2429 13300 3 2968
VOL 4 8614 1.5 1825 9607 3 1907
VOL 5 6953 2 1619 6994 1 2070
VOL 6 10840 1.5 2246 11260 1 2310
VOL 7 8599 2 2057 8604 3 1841
VOL 8 11370 1.5 3300 7093 2 1302
VOL 9 5407 1 1756 6894 1 2093
VOL 10 8316 2 1824 6228 1 1751
VOL 11 6118 1600 5604 1 1482
VOL 12 7200 1.5 1811 6756 1 2305
VOL 13 8360 2 2262 8474 3 1660
VOL 14 10220 1 3018 8937 1.5 2354
VOL 15 9547 2 2082 8791 2 2062
VOL 16 10500 2 2395 10070 2 1946
VOL 17 8958 3 1897 8009 3 2395
VOL 18 7583 1 1491 7226 1.5 1576
VOL 19 7208 1.5 1759 7076 1 1891
VOL 20 10650 1 1943 10400 1.5 1711
VOL 21 9173 2 2287 8717 1.5 2201
VOL 22 8748 2 2159 8084 1.5 1826
VOL 23 - 8649 1.5 1722 8102 1.5 2440
VOL 24 7255 2 1610 - 7503 2 1570
MEDIA 8686.45 1.625 |2034.54 | 8231.33 1.708 | 1975.62
(err. pad.} | (343.2) (0.105 | (88.69) | (359.59) | (0.156) | (76.18)

Parametros individuais: média e o erro padrio da média para o estudo

clinico de bioequivaléncia entre duas preparagdes de ciclosporina.
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3- Estudo de bioequivaléncia de duas formulagdes de lincomicina -

capsuia- em voluntarios sadios.

3.1- Introducéo

A lincomicina (cloridrato de lincomicina mono hidratado) & um
antibiético isolado a partir de cepas do fungo Sitreptomyces lincolnensis
(MASON et al, 1962 ). Sua atividade anti-bacteriana, bem como seu espectro
de agdo s&o similares aqueles pertencentes ao grupo dos macrolideos,
ficando a lincomicina classificada neste grupo embora possua caracteristicas
quimicas particulares (LEWIS et al, 1963). Seu mecanismo de agéo se da
pela inibicdo da sintese de proteinas catalisadas pela enzima
peptidiltransferase ribosomal, (PESTKA, 1981). Em trabalho recente foi
observado que a lincomicina ativa macréfagos estimulando tanto adeséo

quanto movimentagdo e liberagdo de interferon gama (SYNETOS and

COUTSOGEORGOPOULOS, 1987).

Do ponto de vista da quimica, trata-se de metil-8,8-dioxi-6-[(2S4R)-1-
metil-4-propil-2-pirrolidinecarboxamido}- 1-tio-alfa-D-eritro-Dgalacto- cloreto de
octapiranosideo, possui peso molecular de 443.5 e 406.5 (base livre) € um
pKa de 7,6. A lincomicina possui alta solubilidade em alcool, cerca de 40
vezes maior do que em agua. O seu sal de cloreto & obtido por precipitagio
de cristais puntiformes com acetona, a partir de uma solugdo équosa.

Indicagao de uso

A lincomicina tem mostrado ser efetiva contra muitos dos patégenos
gram positivos, sendo bastante (fil indicada no tratamento de patologias
como pneumonia por Pneumococos, osteomielite, Enfeggées por anaerébios
seguinte a cirugias abdominais, infeccdo de ouvido médio em adultos
pacientes alérgicos a penicilina ou naqueles onde seu uso é indicado
especificamente. Sua atividade, na concentracido de 0.5mg/l”" é notavel
especiaimente contra Strepfococcus pyogenes, Strptococcus pneumoniae e
Strptococcus viridans. A maioria das cepas de Stafilococcus aureus também
sdo sensiveis a estas concentracdes de lincomicina, embora algumas
continuem crescendo mesmo em concentracées superiores a 5.0mg/l™.
Também possui atividade contra Actinomyces e Bacterioides fragilis e pouca

agao sobre Haemophilus influenzae e Mycoplasma. A lincomicina &, por outro
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lado, inativa contra bacilos gram positivos ou negativos, enterococos €

Neisseria meningitidis.

Trabalho realizado com 15 voluntarios sadios, injetando-se altas doses
de lincomicina (600, 1000 e 1500mg) por via intramuscular, apresentou Tmax
plasmatico variando entre 0,8 e 1,5 h, no mesmo estudo foram determinados
os niveis de lincomicina na saliva, sendo que neste caso variou entre 3,67 e
467h apds a administracdo da droga. Aparentemente a lincomicina é
excretada para a saliva através de um processo de difusao passiva
dependente do grau de ionizago da sua fragéo livre no plasma. Os niveis de
creatina fosfoquinase, um marcador de sofrimento das céluias musculares,
nao apresentaram variacdo estatisticamente importantes entre as diversas
injecées (SMITH et al, 1981).

A lincomicina liga-se as proteinas plasmaticas de maneira dependente

da sua concentracdo, sendo que ha pelo menos duas protelnas circulantes

que ligam o antibiético, a albumina, com baixa afinidade e alta capacidade e a
alfat glicoproteina acida, que possui alta afinidade e pouca capacidade. Ha
evidéncias de gue a clandemicina, um derivado da lincomicina, também se
ligue no mesmo sitio da glicoproteina acida (GWILT and SMITH, 1886). Ha
trabalhos mostrando que a alfai-glicoproteina acida esta aumentada durante
processos infecciosos, isso poderia ser de grande importancia para o aspecto
terapéutico e farmacocinético (GWILT and SMITH, 1986). Outro fator que
interfere com a absorcao da lincomicina € a ingestao de alimentos, causando '
diminuicao dos niveis de antibidtico circulante (McGEHEE et al, 1968). Apds
a administragéo oral, cerca de 20 a 35% da droga € absorvida, deste total
aproximadamente 72% é transportado na forma ligada as proteinas. As
concentracdes da droga na medula 6ssea é semelhante aquela encontrada -
na circulagdo, no liquido pleural é de aproximadamelnte 50%. No liquido
cefalorraquidiano nao sdo encontrados valores detectaveis de lincomicina,
exceto quando ocorre inflamagéo das meninges, neste caso ha passagem
(LERNER, 1969). Também ocorre passagem da droga para o leite, se esta
for administrada no periodo de lactagéo.

Na bile, podem ser detectados niveis 4 a 6 vezes maiores de
lincomicina, quando comparado com os niveis sérices, imediatamente apés a

administragdo intravenosa do antibidtico. Pela via oral ocorre 0 mesmo,
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iniciando com concentracbes baixas e, subindo em seguida e prolongando a

meia vida plasmatica.

A excregdo da lincomicina, a maior parte como droga néo
metabolizada, se da pelos rins, até 50% 24h apds uma injecao intramuscular
e até 73% apéds uma intravenosa. A excregdo de lincomicina pelas fezes apés
uma administragdo oral é de até 40% em 72h, sendo possivel detecta-la
mesmo depois de uma semana, e de até 15% ap6s uma dose parenteral.
Embora a lincomicina seja pouco metabolizada, esta se da por via hepatica,
havendo evidéncias de que ocorra reabsorgéo duodenal da droga. (McCALL
et al, 1967; BARTLETT, 1882).

Efeitos colaterais
Apesar de sua seguranga quanto aos efeitos colaterais, existem

trabalhos demonstrando que os fenémenos indesejaveis mais freqlientes

como diarréia e colite pseudo membranosa podem ocorrer preferencialmente
quando a droga e ingerida por adultos, sobretudo pessoas idosas e do sexo
feminino, atingindo 49% dos tratados com quadro de diarréia e até 10% com
guadro de colite pseudomembranosa (SAMRT et al, 1976,LEIGH DA and
SIMMONS, 1978). Trabalho realizado com 265 crianc¢as, administrando-se
100mg/k de lincomicina por dia dividido em quatro tomadas diarias para
tratamento de diversas patologias como osteomielite, celulite, artrite séptica e
pneumonia apresentou poucos efeitos colaterais. As criancas foram tratadas
com inje¢des intravenosas (52%) ou via intramuscular (25,7%) ou ambos os
tratamentos, ndo havendo tratamento por via oral neste protocolo. Apenas
oito criangas apresentaram quadro de diarréia €, mesmo com a continuagéo
do tratamento nenhum caso se estendeu por mais de trabes dias.

A presenca de eosinofilia em 34,6% dos pacienteé pode ser associada
ao uso de lincomicina, niveis séricos de transaminases e bilirrubinas foram
monitorados e ndo apresentaram altera¢des significativas (SPEER ME et al,
1981). Embora existam autores citando efeito hepatotdxico, na dose utilizada

e em criangas este fendmeno nao foi detectado.
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3.2- Objetivos

Este trabalho teve como objetivos: a- determinar os niveis plasmaticos
de duas formula¢des de lincomicina ap6s a administragdo em voluntarios
sadios, determinando seus valores através de metodologia especificsa,
ensaio biolégico e b- Utilizar os resultados para avaliar as formulagtes
quanto a bioequivaléncia entre ambas, sendo a formulacao teste (Abbott) e a
de referéncia (Upjohn).

3.3- Material e métodos

Foram selecionados catorze voluntarios do sexo masculino e higidos
segundo avaliagdo de parametros clinicos, laboratoriais, psiquiatricos e
eletrocardiograficos ( anexo 2).

Cada voluntario recebeu apenas uma dose de cada formulagéo

(Abbott ~ 500mg, comprimido - droga teste e Upjohn 500mg capsula, como
droga de referéncia) separadas por duas semanas cada administragdo e
respeitando o critério de randomizagéao (tabela 3.4).

Os critérios de exclusdo para os voluntarios seguiram os'seguintes
parametros:

- Participagéo do voluntario em qualquer ensaio clinico no periodo de
trés meses previamente a este ensaio.

- Utilizacio de qualquer medicamento, com ou sem indicagdo médica,
pelo periodo de quatro semanas anteriores ao ensaio.

- Histéria prévia de alcoolismo ou utilizagao de drogas de abuso.

- Uso regular de bebida alcodlica superior a 4 unidades de alcool por
dia (uma unidade corresponde a um copo de vinho, 2 garrafa de cerveja ou
1medida de cachaga). |

- Peso superior a 100k ou fora do limite de 15% do ideal para a relagéo
pesofaltura, de acordo com a lista divulgada pela "Metropolitan Life

Insurance Tables”,

- Fumante que consuma 15 ou mais cigarros por dia.

Todos os voluntarios foram recebidos na enfermaria cedida a Unidade
de Farmacologia Clinica as 20:00 da noite anterior ao inicio do ensaio,
pernoitando no hospital. Doze horas apds a administracdo da droga os

voluntarios receberam alta hospitalar. Durante o periodo de internagéo foram
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coletadas amostras de sangue nos seguintes tempos: tempo zero, ou seja,

imediatamente antes da ingestdo de lincomicina e: 1,2,3,4,5,6,8,10 e 12
horas apés. A coleta foi realizada através de scalp heparinizado e colocado

em tubo contendo citrato de so6dio como anticoagulante.

Determinacgao dos niveis de lincomicina

As amostras de sangue, imediatamente apds sua coleta, foram
centrifugadas a 4000g por 5 minutos e o plasma transferido para outro tubo
para ser armazenado a —20°C até o momento de sua andlise.

O método para determinacéo de niveis de lincomicina foi baseado na
capacidade do antibidtico em inibir o crescimento bacteriano (Sarcina lutea)
em mejo de cultura apropriado.

Ao meio de cultura BHI ( brain and heart infusion - infusdo de cérebro e
coragédo) foi adicionada Sarcina lutea (ATCC 9341) até que sua
concentragao atingisse 0.4 AU (unidade de absorbéancia) em comprimento de
onda de 550 nm, nesta fase adicionava-se agar (agar agar, 1:300) a 50°C e,
imediatamente, o volume total era distribuido em placas de Petri com 20ml
cada e com o resfriamento foi observada a formacgio de gel. Seis orificios
(com 7mm de didmetro e localizados a igual distancia entre eles) foram feitos
pela remog&o do agar em cada placa.

Trés orificios eram preenchidos com 90l de cada amostra, e os outros
trés com solugbes de lincomicina preparadas em “pool” de plasma, com
concentracdes de 1, 3 e 10ug/ml respectivamente. As placas eram, entao,
incubadas a 37°C por 24h e o didmetro das areas de inibigdo do crescimento

bacteriano foram medidas e comparadas com as de referéncia.



Voluntario Lincomicina - 500mg
01- JRM Abbott Upjohn
02- EM Abbott Upjohn
03- LMP Upjohn Abbott
04- AFP Upjohn Abbott
05- VPS Abbott Upjohn
06- EB Upjohn Abbott
07- ELM Abbott Upjohn
08- OLA Abbott Upjohn
09- JDB Upjohn Abbott
10- JFP Upjohn Abbott
11- ORJ Abbott Upjohn
- 12-MG Abbott Upjohn
13- AR Upjohn Abbott
14- RSQ Upjohn Abbott

3.4- Tabela de randomizagdo da lincomicina

32



3.5- Resultados

Lincomicina (Abbott) Lincocin (Upjohn)

Voluntario | AUCg2 | Tmax Cmax AUCg.12y | Tmax Cmax

ug/h/ml (h) (ug/ml) ug/h/ml (h} (ug/mi)
VOL 1 32.65 3 5.6 28.35 3 9.1
YOL 2 37.15 3 7.3 33.25 3 6.6
VOL 3 19.25 3 3.0 28.65 3 5.9
VYOL 4 26.85 2 6.0 27.4 4 6.2
YOL 5 40.4 3 9.1 13.05 2 1.8
VOL 6 15.15 3 4 29.7 3 6.1
VOL 7 22.3 3 4.1 11.458 6 1.5
VOL 8 9.2 3 1.6 24.25 3 8.0
VOL 9 2.7 10 0.9 10.8 3 1.3
VOL 10 53.95 3 11.5 43.1 3 7.6
VOL 11 21.95 3 5.4 28.15 3 8.0
VOL 12 10.05 4 1.3 19.95 3 4.3
YOL 13 46.15 3 8.4 29.5 4 5.5
YOL 14 18.85 3 4.7 10.65 4 2.8
MEDIA 25.47 3.50 5.20 24.16 3.35 5.33

(erro pad.) |  (3.98) | (0.51) | (0.82) (2.59) | (0.24) | (0.69)

Parametros individuais: média e o erro padrdc da meédia para o estudo
clinico de biocequivaléncia entre duas preparagdes de lincomicina. Tmax
representado pela média e os valores minimo e maximo.



conc (pg/mi)

Lincocin X Lincomicina

34

concentracao/tempo (n=14)

—o— Lincocin (Upjohn)
—— Lincomicina(Abbott)

Tempo (h)
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4- Estudo de bioequivaléncia de duas formulagées de ambroxol -

capsula de liberagao lenta - em voluntarios sadios.

4. 1-Introdugao
As patologias obstrutivas do trato respiratério como asma, bronquite e

enfisema, ndo apenas dominam a pneumologia, como também representam
um grande problema social. Nos paises onde existe uma estatistica ha uma
clara demonstragéo da importancia no tratamento de doencas associadas as
vias respiratorias, por exemplo: na Gré-Bretanha 10% do total de gastos com
doencas e 7% do total de internagdes s&o atribuidas as doencas das vias
aéreas. Na Alemanha (informagdes referentes a antiga Alemanha Ocidental)
30 milhdes de dias de trabalho s&o perdidos por ano, devido a doengas de
origem respiratéria.

O liquido surfactante, formado pelas grandes células epiteliais

alveolares (pneumocito tipo Il) & importante ndo apenas como um fator anti
atelectasia, impedindo o colapso dos alvéolos, mas exerce importante funcéo
de limpeza, atuando como um mecanismo de lavagem. Nas doengas
inflamatérias dos brénquios, a funcdo regulatéria do surfactante no
mecanismo de auto limpeza do puiméo é crucial, formando um filme que
separa a fase sol da fase gel, garantindo e facilitando a agéo dos cllios. O
surfactante também é importante na defesa contra processos infecciosos,
agindo de maneira n&o especifica ao eliminar particulas estranhas através do
fluxo respiratdério em direcdo as vias aéreas superiores, além disso o
surfactante reduz a adesao de germes e aumenta a atividade dos fagocitos.
Sabidamente, qualquer prejuizo no sisterma de produgio de surfactante pode
levar a conseqliéncias ruins para o mecanismo de limpeza dos brdnquios e
portanto no sistema respiratério como um todo. |

Os processos inflamatérios das vias aéreas constituem importante
fator na patogénese de diversas doengas, como asma brénquica, fibrose
pulmonar, sarcoidose, bronquite crdnica, enfisema, stress respiratério no
adulto e pulmonite induzida por bleomicina (BARNES PJ, 1987; BARNEVELD
et al, 1984; BRUNE K, 1989; KONIG and ULMER, 1990; MICHEL et al, 1989;
STRAZS et al, 1990; WEILAND et al, 1986). Tanto estimulos enddgenos,
como exbdgenos (alergenos, bactéria, virus, ozénio, etc.) induzem, durante o
processo flogistico um recrutamenio e uma ativagdo das células
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inflamatérias, dentre elas os fagocitos alveolares, células do epitélio, baséfilos

e granulécitos circulantes. Este mecanismo primario de defesa
constitui principalmente em colocar as células em contato com o agente
patogénico, produzindo uma série de mediadores inflamatorios como
histamina, leucotrienos, PAF Acether, prostaglandinas, proteoglicanos,
serotonina e tromboxano, que s&o a causa direta da inflamagdo e,
efetivamente, da instauragdo de um sistema secundario constituido por
eosindfilos, basoéfilos, mondcitos, plaguetas, neutrofilos e fibroblastos. Estas
células amplificam o processo inflamatorio e geram praticamente 0s mesmos
produtos aos produzidos pelo sistema primario (MENCIA-HUERTA JM et al,
1990: RAPHAEL GD and METCALFE DD, 1986).

A enzima fosfotipase A2 (PLA2), que quebra a ligagao éster do
glicerolfosfato 2, no fosfolipidio da membrana celular, participa de maneira
relevante na reacdo inflamatéria do tecido ( CHANG J et al, 1987,
OFLAHERTY JT. 1987). A PLA2 ligada & membrana celular regula a
liberacdo do &cido aracdénico de fosfolipidios da como o fosfatidil colina,
fosfatidil etanolamina e fosfatidil serina. O acido aracddnico liberado sofre a
acao da enzima ciclooxigenase e da lipooxigenase (ambas citoplasmaticas),
esta acdo leva a sintese de prostaglandinas, tromboxanc e leucotrienos;
estes produtos de transformagdo do acido aracddnico possuem notavel
influéneia sonre os processos inflamatérios pulmonares (HENDERSON
WR,1987). Particularmente tem sido notada a participacao de leucotrieno C4,
D4 e E4 com propriedades bronco constritiva e inflamatéria ( BRAY MA,
1986) enquanto o leucotrieno B4, gracas a sua atividade quimiotatica para
neutrofilo, tem participac@o chave em processos inflamatérios no puimao,
bem como em outros tecidos (FORD-HUTCHINSON AW,‘ 1990; GRUBER et
al, 1989: MacMILLAN RM et al, 1988; WARDLAW AJ et al, 1989).

Recentemente particular atengdo tem sido dada a funcao da PLA2
extracelular no processo inflamatério; esta provaveimente agindo como
mediador tanto local, quanto sistémico (PRYZANSKI W and VADAS P, 1991).

O ambroxol, quimicamente © [2-amino3,5-dibromo-N(trans-
4hidroxiciclohexil)benzilamina], foi sintetizado por a partir da década de 60,
tendo inicialmente sido identificado como um dos metabolitos da bromexina
(met. VIIl), posteriormente verificou-se que sua eficacia, em termos de

propriedades bronco-secretoliticas, € superior aquela da substancia que the
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havia dado origem, com total auséncia de efeitos téxicos (KECK J, 1967;

RENOVANZ KD, 1975).

O cloreto de bromexina, por sua vez, & um derivado sintético da
vasicina, o principio ativo da Adhafoda vasica, um expectorante mucolftico
largamente usado em bronquite e outras enfermidades respiratérias, como
um auxiliar na expectoragao

O ambroxol marcado com carbono 14 foi incorporado 2
molécula de ambroxol para estudos farmacocinéticos. Pode se notar uma
rapida e completa absorgéo apds administrac3o por via oral, a meia vida de
eliminagdo do sangue foi calculada em 20-25h em rato, cachorro e em
humano, e apenas 02h em coelho. No homem em no coeltho a excregéo
ocorre preferencialmente pela urina, enquanto que em rato e cachorro
também ocorre eliminacdo biliar (HAMMER R and FINNILA MJ, 1978). O
metabolismo ocorre em duas fases, sendo que a primeira leva a formagéo do

acido dibromoantranilico, a seguir as reacbes ocorrem para originar
glicuronidios, principalmente em humanos e coelhos. Em porcos foi notado o
acumulo maximo do ambroxol em figado e pulmdes 90 minutos apds
administracio oral.

As principais caracteristicas fisico-quimicas do ambroxol s&o:
cristais brancos, com peso molecular igual a 377,96d e ponto de fuséo entre
233 e 234.5°C, formula — Ci3H15braN,0O (THOMAE K 1979).

Acao mucolitica e estimulante da secregdo do pneumécito tipo Il

A fibrose cistica € uma patologia congénita que causa aumento na
viscosidade da secrec¢do das vias aéreas (entre outras), resultando na
obstrugao da luz dos ductos respiratdrios. Na evolugdo da doenca ocorre
obstrucao total de bronquiolos, fibrose pulmonar e insuficiéncia respiratéria
progressiva e irreversivel. Por esta razdo, o tratamento deve ser voltado
particularmente para as complicacBes broncopulmonares. Terapia com
substancias mucoliticas sao fundamentais para o sucesso do tratamento,

Em experimentos realizados com ratos, utilizando modelo experimental
para indugéo de fibrose cistica, foi observado que em animais portadores da
patologia ocorre aumento nos valores absolutos de fosfolipidios dosados no
lavado brocopulmonar, apresentando principalmente fosfolipldios poli

insaturados. Este fato foi atribuido a ruptura do mecanismo de secregdo de
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fosfolipidios na sintese do surfactante. Apés tratamento com ambroxol foi

observado aumento de fosfolipldios no lavado, com aumento proporcional
nos saturados (SENDA M, HIROSHI K, 1981). Também no caso da sindrome
do stress respiratorio do prematuro, uma doenga causada pela deficiéncia de
surfactante, que retarda a maturagéo do pulmao, os estudos demonstraram
que o aumento na sintese e secregdo de surfactante pelo pneumécito i tras
importante beneficio ao paciente (MAEDA H, 1981; NAGAOKA S, KASE Y,
1981).

Nas infeccdes de vias aéreas, a eliminacdo das bactérias resulta od
movimento ciliar entre outros fatores. Um destes fatores é a redugéo da
tensdo superficial causada pelo liquido surfactante (ERNE AM, 1984). Em
outros experimentos observou-se melhora no fluxo respiratério, indicando

aumento do espago das vias respiratérias (GRASSI C, 1983), meilhora nos

sintomas, dispnéia, tosse e expectoragéo, quando comparado com placebo
(BONZI et al, 1984; BARATTINI et al, 1989)

Ambroxol - a¢do antiinflamatoéria

Tém sido estudados os efeitos do ambroxol como inibidor de PLA
(HEATH MF and JACOBSON W, 1885), sendo inclusive proposto que esta
inibicdo esta relacionada, ao menos em parte, com ¢ aumento na produgio
do surfactante (HEATH MF and JACOBSON W, 1985). Outro estudo
demonstrou que a acdo do ambroxol se da, preferenciaimente, sobre a PLA
das células fagociticas (GRABNER R, 1987). Paralelamente foi comprovado
que ocorre inibigdo na produgao de interleucina-1 (lL-1) e fator de necrose
tumoral (TNF), entretanto o seu mecanismo de agdo ainda ndo se encontra
estabelecido (BIANCHI M et al, 1990; KE4RN JA et al, 1988; KUNKEL SL,
1985 ). Também na migracéo de leucdcitos humanos induzida por Zimosan, o
ambroxol potente inibidor (CAPSONI F et al, 1985).

Outro efeito anti inflamatdrio importante do ambroxol esta relacionado

com sua alta atividade anti-oxidante, reduzindo danos celulares mediados por

radicais livres que podem participar da génese de patologias como enfisema
e cancer (GUYATT GH et al, 1987; BIANCHI M et al, 1990). O ambroxol n&o
apenas inibe a geragdo de oxigénio reativo pelos fagocitos, mas também
parece impedir a atividade dos seus metabdlitos ativos (LAPENNA et al,
1994; NOWAK D et al, 1994 a b; GILLISSEN et al, 1997).
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4.2- Objetivos

Este estudo clinico teve como objetivo comparar parametros
farmacocineticos entre duas formulagdes de ambroxol em céapsulas (liberagéo
lenta), obtidos através de dosagens com metodologia de HPLC acoplado ao
detetor de UV, sendo que resultados obtidos para a administracéo de Ambril
SR75mg (Merck - teste) foram comparados com aqueles obtidos para a
administracdo de Ambroxol 75mg (Euderma SPA - referéncia).

4.3- Material e métodos

A selegdo de dezoito voluntarios realizou-se de acordo com o descrito
nas paginas referentes aos outros ensaios, observando-se que neste estudo
os voluntarios retornaram a unidade de farmacologia clinica 24 horas ap6s a

alta para coleta da amostra de 48h. Em cada perfodo de internagao foi

administrado um comprimido com concentracdo de 75 mg em dose Unica e
as amostras de sangue obtidas nos seguintes tempos: 0 (antes da
administragéo) e 0.5, 1, 1.5, 2, 3,4, 5,6, 8, 10, 12, 14, 18, 24 e 48 horas apds
a administracao.

Em cada horario de coleta foram retirados 10m! de sangue através de
scalp heparinizado e colocados em tubo de vidro contendo heparina.
Imediatamente as amostras foram centrifugadas em rotacdo equivalente a
2000g, por 10 minutos, o plasma foi removido e estocado em freezer com
temperatura igual a —20°C até o momento da dosagem do ambroxol.

A cada 1 ml de plasma (curva padrdo e amostras) foi adicionado 100 pl
de padrdo interno (solugéo aquosa de cloreto de bupivacaina a 6.7 ug/mi) e
1.0 mi de tampéo tetraborato de sédio 0.025 M (pH 9.0). A mistura passava
por agitagcao em vortex por 10 segundos e imediatameﬁte adicionava-se 5.0
ml de dietil éter e nova agitacio por 1.0 minuto era realizada para obtencéo
de uma fase orgénica que era transferida para um tubo limpo e re extraida
com 700 I de acido cloridrico 0.01 M, agitando-se a solugdo por 1 minuto.

Nova centrifugac@o era entéo processada (2000 g por 5 minutos) e a fase
aquosa transferida para um tubo de ensaio contendo 50 pl de solugdo de
hidroxido de potassio 0.2 M. A mistura foi colocada em banho-maria a 30°C e
o restante do éter dissolvido foi evaporado com fluxo de nitrogénio, o volume

total foi injetado no cromatografo.



40
Condigdes cromatograficas: A fase mével, composta de tampao

KH2PO4 0.01 M, pH 6.8, acetonitrita € metanol, na proporgao 40/50/10 (v/v)
foi aplicada a uma coluna, Nucleosil Cyg 10 1, 4.6 x 250 mm, num fluxo
constante de 1.4 mi/min, e o eluente foi continuamente monitorado a 242 nm.
Sob estas condigbes, os tempos de retencdo para ambroxol e bupivacaina
foram aproximadamente 4.8 e 6.3 minutos respectivamente.

Os valores obtidos pela razéo entre os picos de ambroxol e os das
curvas de calibrag&o foram comparados com as concentragbes do padrdo
interno e o resultado calculado por regressédo. As andlises farmacocinéticas
foram realizadas através do software “Bioequivalence Program for Two-
Period Crossover Studies — Version 3.4" produzido por Herman P Wijnand,
para obtengdo dos valores de  AUCa4n € AUCp48y enquanto que  Cpax €

Tmax foram obtidos de forma direta.



Voluntario

Ambroxol - 75mg

01- AQC Ambril Ambroxol
02- AVS Ambril Ambroxol
03- EPS Ambroxol Ambril
04- JMP Ambroxol Ambril
05- JCNLN Ambroxol Ambril
06- VC Ambril Ambroxol
07- RLS Ambroxol Ambril
08- SRC Ambroxol Ambril
09- VPS Ambroxol Ambril
10- DRC Ambroxol Ambril
1-VL Ammbril Ambroxol
12- EM Ambril Ambroxo!
13- EB Ambril Ambroxol
14- JDM Ambroxol Ambril
15- JMM Ambril Ambroxol
16- JRM Ambroxol Ambril
17- RRC Ambril Ambroxol
18- MCM Ambril Ambroxol

4.4- tabela de randomizacao para o ambroxol.

4]



4.5- Resuitados
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Ambril (Merck)

Ambroxol (Euderma)

Voluntirio | AUCpa4n | AUCjousn | Cmax | Tmax | AUCg245 | AUCpugn | Cmax | Tmax
(ng/ml/h) | (ng/ml/h) {(ng/ml)| (h) (ng/mVh) | (ng/mVh) |(ng/mb| (h)
VOL-1 740 1268 46 6 810 1450 44 8
VYOL 2 734 1075 46 5 1093 1498 73 8
VOL3 578 964 40 6 712 1259 46 12
VOL. 4 526 623 41 6 726 983 42 5
VOL S 437 776 27 10 1112 1628 62 12
YOL 6 530 780 41 4 456 n.d. 28 | 12
VOL7 593 857 36 10 644 1168 48 10
VOL § 413 470 33 8 480 732 32 12
VOIL. 9 242 322 22 8 535 658 32 12
VOL 10 1190 1540 116 19 1210 1743 83 10
VOL 11 783 1365 49 12 974 1348 60 8
VOL 12 874 1228 107 12 914 1494 51 18
VOL 13 558 912 31 14 826 1133 50 14
VOL 14 819 1132 56 12 1237 1888 84 14
VOL 15 391 498 23 12 667 799 57 12
VOL 16 784 1143 51 10 71A1 1042 44 14
VOL 17 809 1145 48 10 855 1299 56 12
YOL 18 548 890 34 12 763 ‘1214 S1 14
MEDIA 642 944 47 10 818 1255 52 12
(erro pad.) (222) (328) (25) | @4-19) {235) (347) (16) | (5-18)

Pardmetros individuais: média e erro padrdo da média para o estudo clinico de
biocequivaléncia entre duas preparacdes de ambroxol. Tmax representado pela média e
os valores minimo e maximo.



Conc. {ng/mi)

Ambroxol X Ambril
concentragao/tempo (n=18)

60+
—+— AMBRIL (MERCK)

50 —0— AMBROXOL
(EUDERMA)
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5- Discussio e conclusdes

O desenvolvimento de um ensaio clinico estd baseado em trés
momentos principais, o primeiro é a elaboragdo de um protocolo clinico que
seja abrangente quanto aos tempos de coleta de amostras, de maneira a
cobrir todo o perfil faramcocinético, isso fica prejudicado nos ensaios de fase
|; viavel para os voluntarios, que normalmente possuem outras atividades e
colaboram com os projetos nos pericdos livres; o protocolo deve ser
sobretudo ético, mostrando claramente os objetivos e os riscos aos quais os
voluntarios serdo expostos. O segundo aspecto abrange a fase na qual o
voluntario permanece internado ou sob os cuidados da equipe. Nesta fase
sdo coletadas as amostras e também ¢é onde o0s eventuais efeitos

indesejaveis aparecem, tornando o acompanhamento do profissional

(enfermeiro/médico) fundamental, sem omissé&o de qualguer informagao, por
menos relevante que possa parecer. Na Ultima etapa, sao obtidos os valores
de concentracdo e os dados estatisticos demonstrando a bioequivaléncia
(quando for o caso) ou néo das formulagdes, portanto envolve a preparagéo
das amostras e a determinacgdo dos valores das drogas em estudo. A correta
escolha da metodologia & fundamental, quanto mais sensivel e especifica,
menor sera a dose necessdria a ser administrada ao voluntario e os
resultados mais confiaveis.

Nos ultimos anos, as maiores mudangas tém ocorrido na terceira fase,
onde sdo estabelecidos novos critérios estatisticos e novos processos para
dosagem de drogas. Ja nas fases iniciais, estdo estabelecidos protocolos
aceitos pela comunidade cientifica e pelos comités de ética mais rigorosos,
apesar disso, as principais alteragdes nos protocolos dizem respeito ao
numero de voluntarios para a realizag8o de um ensaio clinico, atualmente de
vinte e quatro. Com estes valores fica fortalecida a estatistica, pois

aumentando-se o numero de individuos no protocolo, diminui-se o erro
estatisticamente mensuravel.

O desenvolvimento de métodos cada vez mais sensiveis e especificos
para a dosagem de farmacos e seus metabolitos tém contribuido

significativamente para a realizagdo de estudos clinicos envolvendo
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comparacoes de aspectos farmacocinéticos entre formulagbes provenientes

de diferentes industrias e distintos lotes.

O radicimunoensaio, desenvolvido no final dos anos 50 (YALOW RS
and BENSON AS, 1959), primeiramente para dosagem de insulina & muito
atil e especifico, sua principal caracteristica ¢é a utilizacdo de substéncias
radioati\)as (marcadas) num processo de competicdo, que inicialmente se
baseava apenas na reacdo Ag-Ac, ou seja, apenas as moléculas capazes de
gerar produgdo de anticorpos eram passiveis de terem seus niveis
detectados por este método. Embora o método de radioimunoensaio tenha
uso cientifico, sua principal utilizagao € no apoio diagnodstico, em dosagens
hormonais e de outras substancias, sendo gue o surgimento de novos
métodos, especialmente fluorimetricos, como quimioluminescencia (EISMAN
et al, 1976) e enzimaticos, diminuiram sensivelmente seu mercado, Os novos

métodos para determinagdo de substancias s&o considerados de menor

risco por ndo utilizarem material radioativo, além disso, uma vez marcado
com radiacdo, o kit para determinagéo de qualquer molecula tem um prazo
para sua utilizagao (eventualmente curto), apos o que, sua emisséo radioativa
cai, podendo comprometer 0s resultados. No caso da ciclosporina, é possivel
a dosagem até aproximadamente seis semanas depois da marcag&o. A
melhor reproducdo dos resultados em RIA foi obtida com o desenvolvimento
de anticorpos monoclonais, pois a produgdo de anticorpos de varios clones
(policlonal), provenientes de varios tecidos, diminui a especificidade,
mostrando muitas vezes resultados superiores ao esperado, por se ligarem a
diferentes porgbes da molécula e, portanto, levando a maior nimero de
possiveis metabolitos detectaveis. O anticorpo monoclonal, produzido por um
Unico tipo celular, diminui muito a possibilidade de ocorrerem reagdes
cruzadas com metabolitos (HOLT et al, 1988). |

O tempo reduzido para a obtengéo de resultados quando comparado
com HPLC, onde o tempo de retengéo & superior a 45 minutos, e o baixo
custo por amostra dosada, aproximadamente US$ 4,2 contra aprox. US$ 7,3
do TDX, foram importantes na escolha do metodo, ja que ha uma correlagéo
superior a 98%, quando comparamos 08 resultados obtidos por RIA e os do
HPLC (McBRIDE et al, 1992). Mesmo com as melhorias propostas por Wang
e colaboradores em 1990, o TDX permanece produzindo importantes reagdes

cruzadas com varios metabélitos da ciclosporina (WANG et al, 1990,
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GREVEL et al, 1990). O maior limitador para a aplicag@o desta técnica é o

fato de que ha a necessidade de compra de kits, pois desenvolver a
metodologia para uma droga especifica pode demandar muito tempo e
dinheiro, além disso a maioria dos kits de boa qualidade s&o importados, e 0
procedimenyo para sua importagdo consome tempo, causando perda nos
niveis de emissao de radiacdo e comprometendo a qualidade das dosagens.
Ensaios utilizando-se HPLC tém sido utilizados ha décadas, fazendo
parte da rotina de trabalho em laboratérios de farmacologia clinica ou ainda
como prestacgéo de servigos, pois seu custo a médio prazo, dependendo do
namero de amostras dosadas, pode ser muito baixo. Este aspecto tem sido
importante para seguimento de niveis terapéuticos em pacientes
ambulatoriais, ou mesmo naqueles internados, que estejam fazendo uso de
drogas como teofilina e anticonvulsivantes por exémplo. A versatilidade ¢

uma das principais caracteristicas deste sistema, permitindo que seja

acoplado a detectores de UV, espectrometros de massa e outros
equipamentos de detecglo. Outras caracteristicas que favorecem sua
utilizagdo sao o facil acesso a maioria das drogas usadas para prepara¢éo de
amostras e a evolugdo das colunas, tornando-se cada vez mais especificas
para as diversas classes de substancias. O sistema de HPLC tem sido
utilizado tradicionalmente para determinagéo de ambroxol, demonstrando boa
sensibilidade e reprodutibilidade, com tempo de retengao ao redor de 4,3
minutos (BOTTERBLOM et al. 1987, SCHMID 1987, NOBILIS et al. 1992 ).
A molécula de ambroxol pode ser determinada também por GLC especifico,
sem que haja, entretanto, ganho quanto a sensibilidade apesar do maior
volume de amostra necessario para esta técnica. A aceitago do HPLC por
parte de revistas especializadas e as condigbes laboratoriais disponiveis a
época foram fatores importantes na escolha da metodoiogia adequada ao
ensaio clinico.

O ensaio biolégico possui particularidades interessantes, a principal &
que de fato o resultado obtido & fruto de uma avaliacéo farmacodindmica, que
passa a ser aplicada do ponto de vista farmacocinético, pois todos 0s ensaios
bioldgicos envolvem a agéo de uma determinada droga sobre tecidos ou
células. Na sua maioria estes ensaios se prestam a determinar a presenca de
receptores  caracteristicos em determinados  tecidos, tornando-se

experimentos clasicos e extremamente didaticos. E especialmente indicado
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pela OMS para determinagdo de uma séria de antibidticos, dentre eles a

lincomicina, por Ter uma boa correlagéo entre sua concentragdo e seu efeito
sobre o microorganismo testado.

Apesar de serem de grande importadncia para determinar niveis de
diversas moléculas, os ensaios biolégicos estdo sujeitos a possibilidades de
terem o efeito dos metahdlitos, que normalmente possuem atividade,
somados aos da droga que thes deu origem. A determinagdo dos metabolitos
farmacologicamente ativos pode ser de importancia para avaliagdo dos
parametros terapéuticos, contudo numa observag@o mais objetiva, nédo se
trata da droga em estudo. A maioria dos estudos com lincomicina tém sido
realizados em animais (BROWN et al 1975; HORNISH et al 1987; LUO et al
1996 ), porém nos trabalhos envolvendo humanos encontrados na literatura
encontramos resuktados muito semethantes aqueles de nosso trablho
(McCALL et al 1967, GWILT and SMITH 1986; FLAHERTY et al 1988, GATTI

et al 1993)

Atualmente o método mais comum para a deteccdo de drogas
encontrado em revistas especializadas é o HPLC, sendo relativamente mais
seguro, por ndo fazer uso de microorganismos ou material radioativo, e muito
sensivel para a maioria das drogas conhecidas.

Neste trabalho pudemos utilizar diferentes métodos para determinagao
de niveis circulantes de drogas, tendo como maior preocupacéo encontrar as
metodologiasx adequadas para determinagdo dos niveis circulantes de trés.
diferentes drogas, a partir destes valores e utilizando estatistica adequada
pudemos concluir que: nos ensaios clinicos realizados para lincomicina
(lincocin - Upjohn e lincomicina - abbott) e ambroxol (ambril - Merck e
ambroxol - Euderma), utilizando respectivamente ensaio biotégico e HPLC
ndo houve bioequivaléncia. No ensaio clinico realizado para ciclosporina
(ciclospor - Biosintética e sandimmun - Sandoz), com dosagens por RIA,

houve bicequivaléncia.
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SUMMARY

The aim of this thesis was to perform three different studies on clinical
pharmacology (clinical assays). The determination of pharmacokinetic values were
used in order to compare two formulations (each assay) of the same drug, from
different sources. We used AUC0.1224) or (48], tmax @nd Crax to refer if the drugs are
bioequivalent or not. All the clinical protocols were approved by the Ethics
Committee of the UNICAMP University Hospital and all the subjects gave written
informed consent.

Three groups of healthy, male volunteers were used in order to obtain the
information. Each group was composed for two sub-groups for the respective
study.

The drugs studied were: 1- cyclosporine oral solution (ciclospor from
Biosintética versus sandimmun fron Sandoz) 5mg/kg; 2- lincomycin  capsules
(lincomicina from Abbott versus lincocin from Upjohn) 500mg, and 3- ambroxol
capsule - slow release (ambril from Merck versus ambroxol from Euderma SPA)
75mg.

The studies were conducted in an open randomized two period crossover
fashion with fourteen days washout period between doses. During each period, the
volunteers were hospitalized at 8:00 p.m. having already had a normal evening
meal, and after an overnight fast they received at 7:00 a.m. a single dose
equivalent to the correct study and according to the appropriated randomization
code. After the capsule administration the volunteers were asked to drink 200mi of
tap water. 4

Blood samples were taken from suitable forearm vein before and at different
intervals until 12h for lincomycin; 24h for cyclosporine and 48h for ambroxol. Each
sample was treated according the specific methodology.

Radioimmunoassay (RIA) was the method choused for the cyclosporine

whole blood determination



Estudo de bioequivaléncia entre duas formulacées de
ciclosporina (ciclospor- Biosintética e Sandimmun - Sandoz)

Graficos com os valores individuais da concentracio/tempo
para os voluntarios Vol 1 a Vol 24.
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Estudo de bioequivaléncia entre duas formulacoes de
lincomicina (lincocin - Upjohn e lincomicina Abbott)

Graficos com os valores individuais da concentracao/tempo
para os voluntarios Vol 1 a Vol 14,



74

Vol. 1

—— Abbott
—a— Upjohn

lincomicina (1 g/mil)
o)

Vol. 2

—=— Abbott
—— Upjohn

lincomicina (ng/ml)




75

Vol. 3

(o3}
i

— —— Abbott
E - —— Upjohn
o
= 4-
3]
ot
82
£
o 2-
O
£
O k] 1 ! 1 H 1 1 I i I I k)
0 2 4 6 8 10 12
tempo {h)
Vol. 4
8
—=— Abbott
—— UJpjohn

lincomicina (ng/mi)




lincomicina (ng/mi)

lincomicina (ug/mi)

76

Vol. 5

—— Abbott
—— Upjohn

tempo (h)

Vol. 6

—=— Abbott
—— Upjohn




T7

Vol.7

- —s— Abbott
E 4 —— Upjohn
o
=
@ o]
£
O
£ .
&)
O
£ 1
O T 1 I I i 1 i 1 1 i i T
0 2 4 6 8 10 12
tempo (h)
Vol. 8
10
B —=— Abbott
—— Upjohn

lincomicina {ug/mi)




lincomicina (ug/mi)

lincomicina (1g/ml)

78

Vol. 9

1.5+
—a— Abbott
N —- Upjhon
1.0+
0.5~
0.0 g T ¢ 1 i T 1
0 2 4 6 8 10 12
tempo (h)
Vol. 10
—a— Abbott
—— Upjohn




70

Vol. 11

N —=— Abbott
8 —— Upjohn

lincomicina (ug/mi)

0 2 4 6 8 10 12

Vol. 12

o
]

—=— Abbott
—— Upjohn

ol
]

lincomicina (pg/ml)




lincomicina {ug/mi)

80

Vol. 13

—=— Abbott
= UJpjohn

lincomicina (pg/mi)

T T
2 4 6 8 10 12

tempo (h)
Vol. 14
~=— Abbot
—— Upjohn




81

Estudo de bioequivaléncia entre duas formulacbes de
ambroxol (ambril - Merck e ambroxol - Euderma)

Graficos com os valores individuais da concentracdo/tempo
para os voluntarios Vol 1 a Vol 18.
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ESTUDO DE BIOEQUIVALENCIA DE 2 PREPARACOES COMERCIAIS DE

CICLOSPORINA EM VOLUNTARIOS SADIOS

Responsaveis: Drs.Eduardo Abib Jr., Gun Birgitta Mendes e Gilberto de Nucci

O abaixo-assinado (Jonas Cintra Do Amaral Galette, 51487 - 654 A),
declara que & de livie e espontidnea vontade que estd participando como
voluntario do projeto de pesquisa supra-citado, de responsabilidade dos
medicos Heitor Moreno Jr, Gun Birgitta Mendes e Gilberto de Nucci, da
Unidade de Farmacologia Clinica - HC UNICAMP. O abaixo-assinado esta
ciente que:

i - O objetivo da pesquisa & verificar se a solugao de Ciclosporina elaborado

pelo Laboratorio BIOSINTETICA (ciclosporina® 100 ma/ml) atinge niveis
plasmaticos equivalentes & solucéo vendida comercialmente pelo Laboratério
SANDOZ (Sandimmun Neoral® 100 mg/ml).

ii - Durante o estudo, serd internado duas vezes por 48 horas, com
intervalo de 12 dias. Em ambas as ocasides, sera administrado 01 (uma)
solugéo de 100 mg/ml de ciclosporina por via oral e coletadas 14 amostras
de sangue de 10 ml cada através de butterfly heparinizado em cada

internacgao.

i - A participagdo neste estudo ndo fhe acarretara nenhum beneficio

terapéutico.

iv - A administracao oral de ciclosporina pode causar efeitos colaterais como

nauseas, vomitos, dor abdominal, diarréia e flatuléncia. Além dos efeitos

citados, a administracio de qualquer medicamento pode causar reacgdes

idiossincraticas imprevisiveis.

v - Sera submetido antes da primeira internacdo e apds a segunda internagéo

aos seguintes exames laboratoriais: hemograma, transaminases, fosfatase
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alcalina, bilirrubina total, proteinas totais, uréia, creatinina, urina 1, sédio,

potassio, cloro e eletrocardiograma.

vi - Obteve todas as informagdes necessarias para poder decidir
conscientemente sobre a participagéo no referido ensaio clinico.

vii - Esta livre para interromper a participagao no ensaio clinico a qualquer
momento, a ndo ser que esta interrupgéo seja contra-indicada por motivo

meédico.

viii - A interrupcdo ndo causara prejuizo ao seu atendimento, cuidado e

tratamento pela equipe da Unidade de Farmacologia Clinica.

ix - Os resultados obtidos durante este ensaio serdo mantidos em sigilo, e a

Unidade de Farmacologia Clinica néo identificara o voluntario por ocasido da

exposicao efou publicagéo dos mesmos.

x - Durante o periodo de 180 dias a partir da data da assinatura do mesmo, ©
voluntario estara assegurado (Seguro de Vida em Grupo) pela empresa Vera

Cruz Seguradora.

xi - A Unidade de Farmacologia Clinica o manter4 informado em relacdo ao

progresso da pesquisa, caso julgue a informagéo relevante para o voluntario.

xii - Caso haja surja alguma intercorréncia , devera procurar o servigo de
Pronto-Socorro do Hospital de Clinicas da UNICAMP e solicitar que 0 mesmo

contacte os médicos responsaveis pelo ensaio clinico (vide telefones abaixo).

«iii - Podera contactar a Secretaria da Comisséo de Etica (fone 397768) para

apresentar recursos ou reclamagdes em relagéo ao ensaio clinico.
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xiv - E condicao indispensavel para participacio no ensaio clinico que esteja

em boa salide, e portanto, nao esteja no momento sob tratamento médico ou

fazendo uso de quaisquer drogas ou medicagdes.

Campinas,

Assinatura do voluntario

Dr Eduardo Abib Jr ( Assin.) Fone - 018 - 2364325

Dra Gun Birgitta Mendes ( Assin.)

Dr Gilberto de Nucci { Assin.} fone - 0192-516928
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Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97
Subject n°® 01 Subject Initials FRM

Admission Criteria

Subject Inclusion Criteria

The following selection criteria must be satisfied for the subject to be enrolled
in the study:

1. The subject is male or femaie unable to bear children {X) Yes { YNo

2. The subject is 18 to 45 years of age (X} Yes { YNo

3. The subiect weights between 55 and 95 Kg and is within + 10% of the acceptable range
of weights for men and women according to height and frame  (X) Yes { YNo

4. The subject was examined and considered in good health

as demonstrated in pages 2-5 {X) Yes ( YNo

5. The subject had freely given informed consent after the essential

elements of the protocol have been explained, and prior to the

initiation of any study-specific procedures. (X) Yes { YNo
6. The subject has negative sorology for hepatitis B, C and HIV (X} Yes { YNo

Subject Exclusion Criteria

Any of the following criteria will exclude a subject from the study:

1. The subject's laboratory values are outside the accepted normal ranges (+ 10%}), unless

considered not clinically significant by the investigator { )Yes (X) No
2. The subject has participated in an experimental study or has ingested an experimental drug
within three months prior to the initiation of the study { )Yes {X) No

3. The subject has taken any medication regularly within four weeks immediately prior o the
initiation of the study, and any drugs within one week prior to the study () Yes (X)No
4. The subject has been hospitalized for any reason within eight weeks prior to the initiation

of the study { yYes {X) No
5. The subject had a history of drug or alcohol abuse, or had ingested alcoho! within 48 hours
prior to the beginning of the confinement portion of the study  ( yYes {X) No
6. The subject has a history of hepatic, renal, epileptic .

or hemopoietic study { )Yes (X} No
7. The subject has hypo or hypertension of any etiology requiring

pharmacoltogical treatment { YYes (X) No
8. The subject has had a myocardial infarction, angina pectoris and/or

congestive heart failure { )Yes {X) No
9. The subject has donated or lost 450 mi or more of btood within three

months prior to the study { YYes (X) No

10. The subject has any other condition as per investigator judgement { ) Yes (X) No
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Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subject n® 01

Subject Initials FRM

Medical History

Date History Taken:

Date of Birth: Sex: (X} Mate ( ) Female Occupation:

System Review Normal Abnormal if Abnormal, give pertinent details
Allergy (X)

Eyes-Ears-Nose-Throat (X}

Respiratory (X}

Cardiovascular (X}

Gastrointestinal {X)

Genitourinary (X)

Central Nervous System  (X)
Hematopoietic-lL.ymphatic (X)
Endocrine-Metabolic {X)

Dermatological {X)
Musculoeskeletal {X)
Emotional Stability {X)
Family History (X)
Surgical History )
Other )

Comments:

T e T T T S o S s S e




96

Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subiect n® 01

General Physical Examination - Pre-Study

Subject Initials FRM

Date of Exam:

Blood Arterial Pulse ; Respiration Height Body Weight | Temperature

pressure Rate (upright) Rate {em) {light clothes)

{upright)

71.5

Systolic/Diastolic (beats/min) (mov/min) {cm) (Ka} (axillary °C)

{mmHg)
Systermn Review Normal Ahnormal If Abnormal, give pertinent details
Appearance (X} ()
Skin {X) ()
Head-Neck (X) {}
Eyes (X} ()
Ears X) {}
Nose X} ()
Mouth {X) ()
Throat (X) ()
Chest (X) ()
Heart X) ()
Abdomen (X ()
Back-Spine ) ()
Genitalia X ()
Lymph Nodes X ()
Neurological X) {)
Extremities (X3 ()
Other () ()
José Rego 84584
Name of Examining Physician Signature Mat. Prof. Date
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Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97
Subject n®  Subject Initials

Electrocardiogram pre-study

¥ Dl Dl
AVR AVL AVF
V1 V2 V3
V4 V5 V6
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Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subject n® 01 Subject Initials FRM

ECG Determinations

ECG REPORT - PRE-STUDY

Date of ECG:
Cardiac Rhythms: PR interval:
SAP:° QRS duration:
SAQRS: © QTc:
SAT:® HR:
Conclusions:

{ )y Normal

( ) Abnormal, not clinically significant

( )} Abnormal, clinically significant
Abnormalities specified:
Eduardo Abib Jr 53546
Name of Examining Physician Signature CREMESP Date
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Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subject n®

Subject Initials

Clinical Laboratory Determinations

Hematoclogy Results Pre-Study : Post Study Normal Comments
Date Sample Taken 17101197
(day/molyr)
Hemoglobin g% 14.7 13.5-18.5
Hematocrit % 45 40 - 55
WBC  10¥mm3 6.7 50-10.0
Differential count (%)

Band neutrophils 00-05

Segmented neutrophils 46

Lymphocytes 35

Monocytes 9

Basophils - -

Eosinophils 10

Other - -
Platelet count  103/mm3 normal 250 - 450 not quantified

Chemistry Results Pre-Study | Post Study | Normal Comments

Date Sample Taken
{day/mofyr)
Urea mg/dl 18 15a40
Creatinine mg/dl 1.0 04a13
Total Bilirubin mg/dl 0.33 <t.2
Total Protein g/dl 6.9 Bas
Albumin g/dl 3.8 38ab2
Fasting Blood Glucose mg/dl 82 70a 110
Alkaline Phosphatase Ul 50 13a4d
SGOT (AST) Ui 10 Baz27
SGPT (ALT) U/l 15 BaZ27
Sodium mEa/ 143 135 a 144
Potassium mEg/l 4.0 38ab
Uric Acid mg/d| 4.2 25a7
Gamma GT Ul 15 7a4b

* - Not available
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Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subject n® 01

Subject Initials FRM

Clinical Laboratory Determinations (cont.)

Urinalysis Results Pre-Study | Post Study Normai Comments

Date Sample Taken 17101/97
(day/molyr)
Specific Gravity 1022 1010 - 1030
pH 6.0 50-6.0
Albumin negative - negative
Giucose negative - negative
Ketones negative “ negative
Microscopic

WBC 16,000 <10,000

RBC 2,000 <5,000

Casts negative - negative

Epithelial Cells few - negative /

fow

Crystal negative - negative

Bacteria negative - negative

Other:
Faeces: negative
Sorology:
HIV {X) negative ()
positive
Hepatitis B (X) negative {)
positive
Hepatitis C {X) negative {)
positive
Comments:
Ulysses Moraes de Oliveira 29245
Name of Physician Signature CREMEGP
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Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97
Subject n® 01 Subject Initials FRM

First Confinement Period

Short Physical Examination Pre-dosing

Significant changes since the pre-study examination? YES () NO ()
Comments

Gilberto de Nucci 43154

Name of Examining Physician Signature CREMESP Date

Short Physical Examination - End of the First Period

Significant changes since the pre-study examination? YES () NO ()
Comments
Gilberto de Nucci 43154

Name of Examining Physician Signature CREMESP Date



13

Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97
Subject n° 01 Subject Initials FRM

First Confinement Period

Dosing, Blood Sampling, Vital Signs and Meals

Dose Administration:  Date: 25/01/97 Study drug administered in this confinement period:
Time: 08:40 ( )Biosintética cyclosporin A 5 mg/kg
(X) Sandoz cyclosporin A 5 mglkg

Total given 300mg {3mI/ 100 mg/ml)

Blood Sampling

Time Related to Clock Time Cycolosporin A Blood Pressure Pulse sitting Temperature oc
Dose (h) {24h clock) {ng/mil) Sitting (mnyvHg) {beats/min) (axillary)
0.0 08:40 120/ 80 60 36,2
0.5 09:10 120/ 90 56
1 . 09:40 120/ 90 64
1.5 10:10 120 / 90 68
2 10:40 110/ 80 64
3 11:40 120/ 80 70
4 12:40 130/ 90 72
5 13:40 114/ 80 68
6 14:40 120 /80 64
8 16:40 110/ 80 64
10 18:40 120 / 84 64
12 20:40 120/ 82 66
18 02:40 128/ 84 70
24 08:40 120/ 84 70

Take whit orange juice . no taste .

Begin Fast Time: 11:00 t.unch Time: 12:00  Dinner Time:
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Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97
Subject n°® 01 Subject Initials FRM

Second Confinement Period

Short Physical Examination Pre-dosing

Significant changes since the pre-study examination? YES { ) NO ()
Comments

José Rego 84584

Name of Examining Phisicyan Signature Mat. Prof. Date

Short Physical Examination - End of the Second Period

Significant changes since the pre-study examination? YES{ } NO ()
Comments
José Rego 84584

Name of Examining Physician Signature Mat. Prof. Date



Cyclosporin A (oral solution) Bioequivalence Study -

Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/37

Subject n°® 01

Subject Initials FRM

Second Confinement Period

Dosing, Blood Sampling, Vital Signs and Meals

Dose Administration;

Date: 09/12/95 Study drug administered in this confinement period:

Time: 07:15 { )Biosintética cyclosporin A 5 mg/kg
( ) Sandoz cyclosporin A 5 mg/kg
Total given 300 mg
Blood Sampling
Time Related te Clock Time Cyclospeorin A Blood Pressure Pulse sitting Temperature °C
Dose (n) {24h clock) (ng/ml) Sitting (mm/Hg) (beats/min) (axiliary)
0.0
0.5
1
1.5
2
3
4
5
6
8
10
12
18
24
Lunch Time: Dinner Time:

Begin Fast Time:
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Cyclosporin A (oral solution) Bioequivalence Study -
Miguel Servet Clinical Pharmacology Unit - UNICAMP - GDN-01/97

Subject n® 01 Subject Initials FRM

Adverse Reactions

Adverse effects during the study? () YES { ) NO
Descripion | Dateof | Timeof Severty Duration | Attributable totest | Action Taken
Onset Onset | Mild Mod.Sev. drug?
Yes Pos No Unk
1 (0 () (3 ()0
2 () OEUEGRS!
3 () ) ()0 )
4 () () ey )
5 () ¢) ()2 )0
6 (). 0) () () 0)
7 (A €) SEGEOR®)
8 (1) Q) (1O O0)
9. (20 ) () 0D
Mod. = Moderate Sev. = Severe Pos. = Possible  Unk. = Unknown

Comments
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Medications for Treatment of Adverse Reactions

if patient has had any adverse reaction which required use of drugs for its
management, please, find below ail the relevant information referred to the same
number used in Page 10 for the adverse reaction.

NP used in Drug administered Route Dosage Total dosage

Page 10 for {generic or (oral, LV., LM.) schedule administered

tis adverse | commercial name) (mg/dose, n° (mg)
reaction doses/day)

If necessary, see Page 14 - Additional Comments
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Premature Termination of the Study*

Subject drop out of the study? { YYES { 1NO Date dropped out

study:

Reason(s) dropped out of the study:

| certify that these forms are correct and that all the data was entered as it was obtained

during the study.

G de Nucci

Name of Principal Investigator Signature Date

*Af subject compieted entire study, please proceed directly to the next page.
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General Physical Examination - Post-Study

Date of Exam:

Blood
pressure
{upright)

Arterial Pulse
Rate {upright)

Respiration
Rate

Height

Body Weight
(light clothes)

Temperaiure

Systalic/Diastolic
{mmHg)

{beats/min)

{mov/min)

{cm)

(Kg)

(axillary °C)

System Review

Normal

Abnormal

Change

Observations

Appearance
Skin
Head-Neck
Eyes

Ears

Nose

Mouth
Throat
Chest

Heart
Abdomen
Back-Spine
Genitaiia

L. ymph Nodes
Neurclogical
Extremities
Other

()
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)

Gilberto de Nucci

()
()
()
)
()
()
()
()
()
()
()
()
()
)
()
()
()

43154

Name of Examining Physician

Signature

CREMESP
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Electrocardiogram post-study

Dl Dl DIl
AVR AVL AVF
V1 V2 V3

v4 V5 V6
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Subject n°® 01

ECG Determinations

Subject Initials FRM

Date of ECG:

Cardiac Rhythms:

SAP:
SAQRS: °

SAT: ®

Conclusions:

ECG REPORT - POST-STUDY

{ Y Normal
( ) Abnormal, not clinically significant

( Y Abnomnal, clinically significant

PR intervai:
QRS duration;

QTc:

HR:

Abnormalities specified: Incomplete right bundle branch block

Eduardo Abib Jr

53546

Name of Examining Physician Signature

CREMESP, Date
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Additional Comments

CASE REPORT CERTIFICATION
i HAVE REVIEWED ALL DATA CONTAINED ON ALL PAGES OF THE CASE REPORT AND
CERTIFY THAT THEY ARE ACCURATE, COMPLETE, AND A TRUE REFLECTION OF THE
SUBJECT'S RECORD.

G de Nucci

Name of Principal Investigator Signature Date
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BIOEQUIVALENCE STUDY OF THREE ASCORBIC ACID TABLET
FORMULATIONS IN HEALTHY MALE VOLUNTEERS

PL.G. Molina', W. Ribeiro', L A. Moraes’, A. Poli’, E. Abib ' RA Moreno’,
W. Leahey’, H. Moreno Jr', M.N. Muscars? and G. de Nucei™
'Miguel Servet Clinical Pharmacology Unit, Department of Pharmacology, FCM, .
UNICAMP, Campinas, SP, Brazil; zDepartment of Pharmacology, UFSC,

FIorianépolis, SC, Brazil: 3]Depr:lrtmem of Therapeutics and Pharmacology, The

Queen’s University of Belfast, Belfast, Northern Ireland; “Clinical Pharmacology
Unit, S3o Francisco University Medical School, Braganca Paulista, SP, Brazil;

*Institute of Biomedical Sciences, USP, Av. Prof Lineu Prestes, 1524, Sio Paulg,

05508-900, SP, Brazil.

ABSTRACT

This study compares the bioequivalence of three ascorbic acid formulations (test:
Celong 500 mg prolonged release tablets from Whitehall, standard: Cewin 500
mg prolonged release tablets from Winthrop and Redoxon oral effervescent 1000
mg tablets from Roche) in seventeen healthy male volunteers. A single oral dose
of 1000 mg of the appropriate formulation was administered according to a
randomized cross-over way with a two week washout interval between periods.
Plasma samples for HPLC determination of ascorbic acid were obtained before
and at set intervals up to 48h afier the administration of each formulation, From
the plasma concentration vs. time curves obtained for each formulation, the
following parameters were obtained: areas under the curves (AUC) from 0 t0 12 h
and from O to 48 h, maximum achieved concentration (Cimax) and the time at
which it occurred (Tpny). Parametric and non-parametric analysis of individual
AUC and Cuay ratios and T, differences among formulations showed no
statistical significance, despite their different patterns of drug release. Based on
the above results and in accordance with the European Union and the US Food
and Drug Administration, Celong was found to be bioequivalent to both Cewin
and Redoxon, and also Cewin was bicequivalent to Redoxon with regard 10 both
the extent and rate of absorption.
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INTRODUCTION

Ascorbic acid (AA), a waier-solnbie vitamin, consists of l-ascorbic acid and its
oxidized form dehydro-1-Ascorbic acid (DHAA). Both forms are equally
biologically active (1), It is a normal constituent of body fluids and has
importance in biochemical reactions as a reducing agent (2, 3, 4). The
physiological roles of the vitamin C include collagen synthesis, amino acid
metabolism, synthesis of anti-inflammatory steroids and copper metabolism (5,
6).

DHAA acid occurs in biological materials at relatively low concentrations, and
it is formed in a redox system in the presence of AA. One additional transporter
for AA has been identified in the intestinal'celi. L-AA is taken up across the
brush-border membrane against a concentration gradient coupled with Na+
diffusion. Several studies on the entry of AA from luminal content into the
enterocyte have demonstrated that the gastrointestinal absorption of AA becomes
saturated at doses higher than 500 - 1000 mg, and that AA is taken up against a
concentration gradient by an energy dependent process that requires Na+ (7).
The metabolite, DHAA, from either the lumen or interstitium enters the cell and
1s enzymatically reduced to AA. The utility of this process is speculative, but
some authors find that it could be useful for regulating the whole-body redox
state of vitamin C (8, 9, 10).

The pharmacokinetics of AA have been under investigation for many years and
the processes of intestinal uptake and metabolism, and its oxidized metabolite
DHAA, have been studied extensively (11, 12).

The objective of this study was to determine the relative bioavailability of three
commercial tablet formulations of AA: Celong 500 mg prolonged release tablets
(test formulation, from Whitehall, Brazil), Cewin 500 mg prolonged release

tablets (standard formulation, from Winthrop, Brazil) and Redoxon oral
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effervescent 1000 mg tablets (standard formulation, from Roche, Brazil), in

healthy male volunteers.

METHODS
Clinical Protocol

Seventeen healthy male volunteers aged between 22 and 50 years (mean %

SEM.: 3242y, weighing between 55.5 and 90.0 kg (73 £ 2 kg) and within
15% of the ideal body weight, were selected for the study. All subjects gave
written informed consent, and the clinical protocol was approved by the Ethics
Committee of the UNICAMP University Hospital.

The volunteers were free from significant cardiac, hepatic, renal, pulmonary,
neurclogical, gastrointestinal and hemétologicai diseases, as assessed by physical
and psychiatric examination, ECG and the following laboratory tests: blood
glucose, urea, creatinine, AST, ALT, alkaline phosphatase, gamma-GT, total
bilirmubin, sodium, potassium, uric acid, chloride, hemoglobin, hematocrit, total
and differential white cell counts, erythrocyte sedimentation rate and routine
urinalysis,

The study was conducted in an open randomized three period crossover fashion
with a fourteen day washout period between doses. During each period, the
volunteers were hospitalized at 8-00 p.m. having already had a normal evening
meal, and after an overnight fast they received at 7.00 am. a single 1000 mg dose
of the allocated formulation according to the appropriate dose randomization
code. A medical evaluation was performed before dosing. Afier the tablet
administration, the volunteers were asked to drink 200 m! of tap water. They were
then fasted for 6 h following the drug administration, after which a standard lunch
was consumed and an evening meal was provided 12 h after dosing. No other

food was permitted during the “in-house” period. Liquid consumption was
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permitted ad lthitium after lunch, except for xanthine or vitamin C containing
drinks and foods. A low vitamin C ingestion was required two weeks before and

during the study (13).
Drug Analysis

Blood samples for serum drug assay were taken from a suitable forearm vein
beforeand 0.5, 1,2,3,4, 5,6, 8, 10, 12, 14, 16, 18,20,22, 24 and 48 h aﬁter‘each
AA formulation administration. On each occasion, one 10 ml sample was taken
via "butterfly”. The actual times of sampling were recorded using 24 hour clock
notation. Venous blood was collected into dipotassium EDTA (1 :ﬁg/mf) and the
plasma was separated by centrifugation (2,000 g,'for 10 minutes) within the next
30 min following blood collection.

Two hundred and fifty microliters of plasma were added to 250 pl of a 10%
metaphosphoric acid solution to precipitate proteins and stabilize ascorbate at low
pH. After vortex mixing, the precipitated proteins were removed (2,000 g for 15
minutes at 4°C) and the supernatants were stored at -20°C until analyzed.

All samples from a single volunteer were analyzed within the same assay in order
to avoid inter-assay variations. '

Total AA (ascorbate + dehydroascorbate) content in the samples were analyzed
by HPLC using the method originally described by Speek et al. ( 14). Briefly, total
AA is oxidized to dehydroascorbate, after which a derivatization step with
orthophenylenediamine follows to render a fluorescent aduct, before being
separated by HPLC and quantified by fluorimetry.

To 100 ul of deproteinized sample or standard in a 4 mi polypropylene tube were
added 250 pl of 4.5 M acetate buffer (pH 6.5). lodine solution (100 pl of 2,4
mg/ml 1; in 0.3 M KI) was further added and incubated at room temperature and
in the dark during 10 min. Excess iodine was reduced by adding 100 pul of 0.5 M

sodium thiosulphate solution. Orthophenylenediamine (550 pl of aqueous 1.12
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mg/ml orthophenylenediamine solution) was then added and the tubes were again
incubated at room temperature and in the dark dunng 45 min. The samples were

then kept at 4°C until being injected into the chromatograph (within the next 8 h).

Chromatographic Conditions

The mobile phase (15 mM Na,HPO, buffer, pH 7.0 / methanol: 77 / 23) was
delivered through the column (uBondapack C18 Sum, 30 cm x 4 mm ID) at a
flow rate of 1.5 mUmin. The fluorescence detector was set at 360 nm (excitation
wavelength) and 402 nm (emission wavelength). Under these conditions, the
retention time of total AA was approximately 12 min.

The calibration curve was constructed by plotting total AA peak heigh{s against
the concentrations, and the AA content in the samples were calculated from the
equation obtained by least-square regression.

The chromatographic system consisted of a Waters 510 pump (Millipore-Waters,
USA) with external pulse dampener (Supelco, USA) coupled to a Shimadzu RF
535 fluorescence monitor (Shimadzu, Japan), with the output signal recorded on a

Bryans 28000 chart recorder (Bryan Southern Instruments, UK).

Pharmacokinetic and Statistical Analysis

The areas under the individual plasma AA concentration vs. time curves from 0 to
12 h (AUCp.12n)) and from O to 48 h (AUCjpumy; as indexes of extent of
absorption) were calculated by applying the trapezoidal method. The maximum

observed plasma concentration (C_,,); the time taken to be achieved (T,,,) and

the ratio Cuuay / AUC|0.45) (as indexes of rate of absorption) were obtained,
Bioequivalence between both formulations was assessed by calculating individual
AUC0-12n), AUCjp.a8n), Comar, and Cinax / AUC o4 ratios (test / reference) and Topay

differences (test - reference) together with their geometric means and 90%
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confidence intervals (Cl). The inclusion of the 90% CI for the ratios into the 80 -
125% range, and that of the zero value into the 90% CI for the differences were
analyzed by using either parametric (ANOVA for untransformed and log-
transformed data) and non parametric (Wilcoxon rank sum test, according to

Hauschke et al ; ref. 15) methods.

Prugs and Reagents

Commercially available 1000 mg AA tablets were obtained from Merck
(Redoxon® 1000 mg, Proc. N® WHO0094), from Whitehall (Celong® 500 mg;
Proc. N® WH0094) and from Winthrop (Cewin® 500 mg; Proc. N° WH0094).
Analytical grade AA and HPLC grade methanol were supplied by Merck
Industrias Quimicas (Rio de Janeiro, RJ, Brazil). Metaphosphoric acid was
purchased from Carlo Erba (ltaly), dipotassium EDTA was obtained from Vetec
Quimica Fina Ltda. (SP, Brazil) and orthophenyienediamine was obtained from
Sigma Chemical Co. (MO, USA).

Analytical grade acetic acid, sodium acetate, sodium thiosulphate and disodium

phosphate were purchased from Merck Indistrias Quimicas (RJ, Brazil).

RESULTS

Al AA formulations were well tolerated at the administered dose. No adverse
effects were reported and the biochemical parameters remained unchanged and
within the reference range values.

Figure 1 shows an example of chromatograms obtained by the HPLC method
described above. Under the described conditions, the lowest quantificable AA
plasma concentration was 2 pg/ml. The calibration curve was linear at least up to
100 pg/ml, with typical regression coefficients of 0.998, and intercept values not

significantly different from zero.
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FIG. 1: Examples of obtained HPLC chromatograms. Panel (a): plasma sample
taken before the administration of 1000 mg of ascorbic acid (note the presence of
the endogenous AA peak, comresponding to Cy 2 pg/mi). Panel (b). plasma
sample taken 5 hours after the administration of 1000 mg of ascorbic acid. The
AA concentration measured in this sample was 8 pg/ml.

Mean recovery of AA from spiked plasma samples from 5.0 to 10.0 pug/mi was
60.5 = 9.0%. The inter-assay coefficient of variation for AA at 5.0, 25.0 and 75.0
ug/ml were 4.5, 3.7 and 4.8%, respectively (number of replicates = 8).

Mean total AA plasma concentration vs time profiles obtained after the single oral
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FIG. 2. Total plasma AA concentration (mean + SEM) versus time curve
obteined from seventeen healthy male volunteers after the single oral
administration of each of the ascorbic acid tablet formulation. {Celong: filled
squares; Cewin: open squares; Redoxon: open circles).

administration of 1000 mg of each of the formulations are show in Figure 2.

Mean (and the 90% CI) AUCi0.123, AUCj0.a8), Cinaxs Trmax and Co (basal AA
concentration) values obtained for the three AA tablét formulations are shown in
the Table 1.

Tables 2, 3 and 4 show the statistical analysis of individual AUC0.12), AUC 0.45; ,
Crmax and Crax / AUC)g.48) ratios and Tpx differences between Celong vs Cewin,
Celong vs Redoxon and Redoxon vs. Cewin, respectively.

All 90% CI for individual percentual ratios either for AUCp-123, AUC 483, Ciay /
AUC0.48) 0r Crax were included into the accepted bioequivalence range 80 -
125%, and 90% CI for individual T.., differences between the formulations
significantly included the zero value. Both parametric and non-parametric
analysis of Co (Tables 2, 3 and 4) revealed that the basal AA concentrations were

similar for the three AA tablet formulations.
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TABLE 1

MEAN PHARMACOKINETIC PARAMETERS OBTAINED FROM
SEVENTEEN HEALTHY MALE VOLUNTEERS AFTER THE
ADMINISTRATION OF EACH 1000 MG ASCORBIC ACID TABLET

FORMULATION.
Parameter Celong Cewin Redoxon

AUC[(}.“; (}lg. h, m] “})

Geom. Mean 381 390 ' 407

90% C1 324 - 447 342 - 445 362 - 458

AUCyp. 12 (g h ml )

Geom. Mean 121 119 126

90% CI 104 - 141 106 - 133 111 - 142

Cna (Hg / ml)

Geom. Mean 14.0 13.8 14.8

90% 1 12.1-16.1 12.4 -15.5 13.1-166

Tmax (h)

Median 4 5 4.0

Range 2-8 2-8 2-14

Cunax / AUCjo_ a5 (h)

Geom. Mean 0.037 0.035 0.036

96G% CI 0034-0040} 0.033-0.038 0.034-0.038

Co (ug/ml}

Arith. Mean 4.6 4.0 33
SDe. e 28 26, 2.6

DISCUSSION

Various methods have been developed for the detection and quantification of I-
AA and/or DHAA acid in whole blood or plasma (16, 17, 18). HPLC methods
with electrochemical detection (19, 20) allow for the determination of L-AA
only. On the other hand, measurement by UV absorbance is subject to
interference by other substances usually present in the sample (e.g. uric acid,

hypoxantine, xanthine, etc.; (21)).
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TABLE 2

STATISTICAL ANALYSIS OF AUCp.2) AUC;U_.;s;, Coms AND Crux / AUCEG.
s RATIOS (CELONG { CEWIN) AND T AND Cy DIFFERENCES
(CELONG - CEWIN) OBTAINED AFTER THE ADMINISTRATION OF
1000 mg OF EACH TABLET FORMULATION TO SEVENTEEN
HEALTHY MALE VOLUNTEERS,

CELONG/

CEWIN Parametric Non-parametric*

% Ratios Geom. Mean| 90% CI | Point Estimate | 90% C1%
AUCe. 48 978 86.1 - 110.9 101.9 8909-1102
AUCyp.az 105.9 92.0-121.7 107.7 91.9-121.5
Cranz 100.9 859-118.4 103.2 85.7-124.1
Tonax (h) 0.2° 0.7-12° 0.0 05-10
Cmnax / AUCpo 1039 944 .114.2 1033 94,1-1123
48]

Co (ng/ml) 0.5° -1.1-22° 0.6 -03-20

The AA may be easily oxidized to DHAA. This oxidation occurs during
deproteinization of blood, when oxygen is released from oxyhemoglobin, Due
to this oxidation (and also possibly to the previous oxidation during blood
collection), transport and storage can produce systematic errors. The fact that
AA and DHAA are of equal biological activity, makes the HPLC methodology
described here ( quantifies the reduced plus the oxidized forms) a valid
analytical procedure for evaluating bioequivalence between different
pharmaceutical formulations, given the sensitivity and 'selectivity that this
method offers.

The basal plasma AA level before the first confinement was 2.2 {0.6 (g/ml
(mean ( SEM). One way ANOVA showed significantly higher (p<0.0001)



ASCORBIC ACID TABLET FORMULATIONS STUDY 125

TABLE 3

STATISTICAL ANALYSIS OF AUCp.12, AUCip-48, Crmax AND Cinax / AUCyo-
s RATIOS (CELONG / REDOXON) AND Tys AND Co DIFFERENCES
(CELONG - REDOXON) OBTAINED AFTER THE ADMINISTRATION

OF 1000 mg OF EACH TABLET FORMULATION TO SEVENTEEN
HEALTHY MALE VOLUNTEERS.

CELONG / Parametric Non-parametric®
REDOXON | ‘

% Ratios Geom. Mean| 90% CI  |Point Estimate] 90% CI
AUCo. ) 936 | 83.0-1056 97.4 90.2 - 104.6
AUCp 1z " 94.7 81.5-110.1 92.8 81.8-101.8
Cons 94.9 81.2-101.0 94.7 82.3-108.9
Tomas (h) -0.4° -1.8-1.1° 0.3 -1.0-1.0
Crnar / AUCg. 102.7 95.7-110.3 105.7 96.1-111.3
18] ‘

Co (ng/ml) 1.3° -0.3-28° 1.0 -0.05-28

basal levels for the second and third confinement periods (4.1 ( 0.5 and 5.6 (
0.5 (g/ml, respectively. The increase observed in the basal AA levels may have
resulted from AA accumulating from the previous confinements, or from the
ingestion of AA during the 14 day period between the confinements, even
though the subjects had been requested to maintain a low AA diet. However,
the statistical methods for comparing the bioavailabilities of the formulations
tested here take into account these considerations and make the suitable
corrections to avoid variations due to differences between periods.

The elimination rate for AA is inversely proportional to the degree of saturation

of the system (22, 23). Thus, the elevated basal levels seen at the second and the
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TABLE 4

STATISTICAL ANALYSIS OF AUCp.42), AUC|048)y Conax AND Cprny / AUCp.
asjy RATIOS (REDOXON / CEWIN) AND Tomax AND Cp DIFFERENCES
(REDOXON / CEWIN) OBTAINED AFTER THE ADMINISTRATION OF
1060 mg OF EACH TABLET FORMULATION TO SEVENTEEN
HEALTHY MALE VOLUNTEERS.

REDOXON / Parametric Non-parametric®
CEWIN

% Ratios Geom. Mean| 90% CI | Point Estimate| 90% CI
AUCpo. 15 104.8 94.8-116.0 105.1 95.1-118.1
AUCq.12) 110.5 101.5-1203 111.9 999-121.3
Cras 107.1 95.5-120.0. 105.9 92.1-124.5
Cinex / AUC)o. 1039 94.4-1142 103.3 94.1-112.3
48)

Tomax (h) 0.6° 0.8-20° 0.0 -1.0-2.0
Co (ng/ml) -0.7° 23-08° -0.5 2.1-05

*According to Hauschke et al. (1 5) and the US FDA (26, 27), non-parametric
results are expressed as point estimate and 90% CI of individual ratios, except for
Tmas and Co (expressed as point estimate and 90% CI of individual differences).

® Arithmetic mean of individual differences. ®00% CI of individual differences.

third confinements may indicate that the elimination pathways are saturated (24,
25). Although these basal values could be theoretically subtracted from the
corresponding data obtained after the second and third phases, this operation was
not made, given that the significant differences observed among periods were not
paralleled by significant differences among formulations (Tables 2, 3 and 4}, and
that this approach could introduse substantial errors into the estimation of the

pharmacokinetic parameters (22).
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As shown in Table 1, mean AUC.ssj, AUCi0.12), Crnax » Conax / AUCp.48n; and
Tonax values were similar for both formulations with overlapping 90% CI’s. Tables
2 and 3 show that 90% CI for mean AUCjp.12; and AUCg (after the log-
transformation of individual ratios) were included into the bicequivalence range,
1.e., 80-125%, when analyzed by either parametric or non-parametric analysis,
thus showing that each pair of formulations are bioequivalent for the extent of
absorption, as required by either the U.S. Food and Drug Adgninistration (26, 27)
and the European Union (28).

Parametric and non-parametric tests show that Cpax ratios (after the log-
transformation - of individual values) were included into the established
bioequivalence range and that Tp,, differences between each pair of formulations
were not statistically different from zero (as shown by the 90% CT’s). in this way,
we can also conclude bioequivalence among all the formulations for the rate of
absorption.

Despite Crux and Trax being considered as indexes of absorption rate, many
authors have questioned the usefulness and the limitations of these parameters to
decide on a bioequivalence problem, given the effects that the sampling schedule
has on them. In this way, Endrenyi et al. (29) have demonstrated that Cpax not
only reflects the rate, but also the extent of absorption, as evidenced by the high
correlation observed with the parameter AUC (extrapolated to infinity), and
proposed that the ratio Cmax/AUC should better reflect the absorption rate. In
this study, we were not able to estimate the terminal elimination constant to
extrapolate the calculated AUC[0-12} or AUC[0-48] to infinity. This is due to
the fact that the pharmacokinetic curves derived from the plasma AA
concentrations do not show the typical late decaying phase, probably due to the
endogenous component. In this way, we felt that the value AUC[0-48] could
satisfactorily substitute for the extrapolation to infinity and the variant

Cmax/AUC[0-48] was calculated. Statistical analysis of this variable also
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showed that the differences among the three formulations were less than 20%,
thus confirming the bioequivalence for the rate of absorption.

Based on these considerations and on the obtained results, we conclude that
Celong was bioequvalent to Cewin and Redoxon with regard to both the extent

and rate of absorption.
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Pharmacological characterization of kinin-induced relaxation
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Objective To characterize the kinin receptor subtvpe
invelved in the relaxation of human isolated corpus
cavernosum (HCC) induced by bradvkinin {BK). Lys-
bradyvkinin (Lys-BK), Met-Lys-bradvkinin (Met-Lys-BR)
and des-Arg®-bradykinin. and to investigate whether
the kinin-induced relaxation of HCC results from the
stimulation of nonadrenergic, noncholinergic (NANC)
neurcns supplying the cavernosal tissue.

Materials and methods Excised HCC tissues were

immediately placed in Krebs solution ané kept at 4°C
until use {never > 24 h after removall. HCC was cus
in strips of &2 cm, suspended in a cascade systemn
and superfused with oxvgenated and warmed Krebs
solution at S5 ml/min.  After equilibration for
=90 min, noradrenaline {3 pumol/L} was infused to
induce a submaximal contraction of the HCC strips.
The release of cyclo-oxygenase products was prevenied
by infusing indomethacin (6 pmol/L). HCC strips were
calibrated by injecting a single bolus of the nitrovaso-
dilator glycervl trinitrate (GTN) and the sensitivity of
the tissues adjusted electronically to be similar. The
agonists {kinins, histamine and acetylcholine) were
injected as a single bolus {up to 100 pL) and the
relaxation of HCC expressed as a percentage of the
submaximal relaxation induced by GTN,

Results Bradykinin. Lys-BK and Met-Lys-BK significantly
refaxed the HCC tissues: on a molar basis. there was
no statistical difference among the degrees of relax-
ation induced by these peptides. The B, kinin receptor
agonist des-Arg®-bradykinin had no effect on the HCC.
The infusion of the B, kinin receptor antagonist Hoe
140 (530 nmol/L} virtually abolished the relaxation

induced by BK. Lys-BK and Met-Lys-BK without affect-
ing those induced by acetvicholine and histamine. The
infusion of the nitric oxide synthase inhibitor N®-nitro-
t-arginine methyl ester increased the tone of the HCC
tissues and significantly reduced {P<0.01} the relax-
ation induced by BK (74%). Lys-BK (90%). Met-Lys-BK
{87 %} and acetylcholine {89%) without affecting those
induced by GTN. The subsequent infusion of L-arginine
{300 pmol/L} partially reversed the increased tone and
significantly (P < 0.01) restored the relaxation induced
by BK. Lys-BK and Met-Lys-BK. The results were
similar with the novel guanvlate cvciase inhibitor 1H-
{1.2.4} oxadiazoloi4.3.-alquinoxalin-1-one] which
reduced by >95% {P<0.01) the relaxation induced
by BK. Lys-BK. Met-Lys-BK. acetylcholine and GTN.
The infusion of the sodivm-channel blocker tetrodo-
toxin had no significant effect on the BK-, GTN- and
acetyicholine-induced relaxation of HCC.

Conclusion This study clearly showed the existence of

functionat B, kinin receptors in human erectile tissues
that when activated lead 1o the release of NO and
hence relaxation of the HCC tissues, As tetrodotoxin
fatled to affect the kinin-induced relaxation of HCC
strips, it is likelv that these peptides release NO {rom
the endothelium of sinusoidal capillaries rather than
from neuronal sources supplving the cavernosal tissue.
Although tissue kailikreins and their components have
been found in the male reproductive svstem, the
physiopathological importance of these findings has
vet to be elucidated.

Kevwords Penile erection. kinins, nitric oxide. B,

receprors

Introduction

Kinins. e.g. bradykinin (BK}, Lys-bradykinin (L-BK) and
Met-Lys-bradykinin (ML-BK) are potent vasoactive pep-
tides that mfluence & variety of biological processes.
They are released from either high molecular (HK) or
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low molecular (LK) weight kininogen through the enzy-
matic action of serine proteases called kallikreins. Tissue
kallikrein {except the rat enzyvme) preferentially forms
1-BK from LK. whereas plasma kailikrein forms BK from
HK [1].

Bradvkinin and its analogues release nitric oxide (N0

and/or prostacyclin from endothelial cells [2-4] leading
te the relaxation of different blood vessels via activation
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of either B, or B, receptors [5]. Bradykinin also causes
endothelium-dependent relaxation of both rabbit [6] and
human [7] corpus cavernosum,

Nitric oxide has been considered a pivotal mediator
involved in the nonadrenergic noncholinergic {(NANC)
relaxation of erectile tissues [8§-12]. Beside the endo-
thelium covering the sinuscidal capillaries. NANC nerves
supplying erectile tissues have also been reported as an
tmportant source of NO production in penile tissues
[13.14]. The aim of the present study was o characterize
the receptor involved in the relaxation of human isolated
corpus cavernosum (HCC) induced by both B,/B, (BK.
L-BE and MI-BK) and B, (des-Arg®-BK) agonists. As
kinins are able to stimulate primary sensory neurons
[15). we alsc investigated the effects of the sodium-
channel blocker tetrodotoxin (TTX) on the kinin-induced
relaxation of HCC.

Materials and methods

HCC tissue from seven patients (17-46 vears of age)
who underwent multiple organ donation was used. The
clinical study was approved by the University hospital
ethics committee. Excised tissues were placed immedi-
atelv in Krebs solution and kept at 4°C until use (never
=24 h after removal). The HCC was cut in strips of
=2 cm (two strips from each patient), the tissues sus-
pended in a cascade [16] and continuously superfused
with oxvgenated (95% Q, + 5% CO,) and warmed (37°C)
Krebs solution at 5 mL/min. The responses of the HCC
strips were detected with auxotonic levers attached 1o
Harvard heart/smooth muscle transducers and displayed
on a Watanabe multichannel pen recorder (Model WIR
3581). After an equilibration of & 90 min, noradrenaline
(3 umol/L) was infused (0.1 mL/min) to induce a sub-
maximal contraction of the HCC strips. The release of
cyclo-oxvgenase products was prevented by infusing
{0.1 mL/min) indomethacin (6 umol/L). HCC sirips were
calibrated by iniecting a single bolus of the nitrovaso-
dilator glvceryl trinitrate (GTN) and the sensitivity of the
tissues adjusted electronically to be similar. The agonists
(kinins. histamine and acetylcholine JACh] were always
injected as a single bolus (up to 100 pL).

Drugs

Acetvicholine, noradrenaline. indomethacin, histamine,
TTX. i-arginine, N“-nitro-L-arginine methyl ester
(I-NAME), BK, I-BK. ML-BK and des-Arg’-BK were
obtained from Sigma (St Louis, MQ. USA). Glycery!
trinitrate (ampoules containing 1 mg/mL isotonic solu-
tion) was obtained from Lipha Pharmaceuticals Ltd (West
Drayton, Middlesex. UK). Hoe 140 was kindly provided
by Hoechst AG (Frankfurt, Germany). 1H-[1.2.4] oxadia-
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zolo[4.3.-alquinoxalin-1-one] {ODQ) was obtained from
Tocris Cockson Inc {St Louis, USA).

The Krebs solution (pH 7.4) had the foliowing com-
position (mmol/L): NaCl 118. K({ 4.7, KH,PO, 1.2,
MgS0,7H,0 1.17. CaCl,6H,0 2.5, NaHCO; 25 and
glucose 5.6.

Statistical analysis

The relaxation induced by the agonists (ACh, histamine
and kinins) was measured and calculated as a percentage
of the maximal relaxation induced by GTN (dose
in nmol}. The results are expressed as mean (SEM} of n
experiments. The anova and Student’s unpaired t-test
were used to evaluate the data, with significance
assumed at P<(.05.

Results

Effect of the B, kinin receptor antagonist Hoe 140

Bolus injections of GIN (4.3 namol). ACh {180 nmol}.
histamine (100 nmol), BK (1-30nmol), L-BK
{(1-30 nmoll and ML-BK {(1-30nmol) significantly
relaxed the HCC tissues (Fig. 1}. On a molar basis, there
was no statistical difference between the HCC relaxation
induced by BK. L-BK and ML-BK. with the eflective dose
for 50% inhibition (ED,} being 1.5, 1.3 and 1.4 nmol,
respectively (six strips). In contrasi. the kinin B, receptor
agenist des-Arg”-BK (30 nmol) had no effect on the HCC
tissues {six strips).

The infusion of Hoe 140 (50 nmol/L} virtaally abol-
ished the relaxation induced by BK, L-BK and ML-BK
without aflecting those induced by ACh (180 nmol: 58
(9% before and 65 (8)% during Hoe 140 infusion) and
histamine (100 nmol; 97 (11)% before and 92 (8)%
during Hoe 140 infusion; Fig. 1). At the concentration
used, Hoe 140 had no effect on the tone of the HCC
tissues.

Involvement of NO in kinin-mediated HCC relaxation

The infusion of the NO synthase inhibitor 1L-NAME
(10 pmol/L. eight strips) increased the tone of the HCC
tissues (Fig. 2) and markedly reduced (P<(.01) the
relaxation induced by ACh (60 nmol). BK {10 nmol).
L-BK (10 nmol) and ML-BK (10 nmol: Table 1). The
GTN-induced {4.3 nmol) relaxation of HCC was noi
affected by L-NAME (Fig. 2). The subsequent infuston of
L-arginine {300 pmol/L, eight strips) partially reversed
the increased tone (Fig. 2} and significantly (P<0.01)
restored the relaxation induced by BK. L-BK and ML-BK
{Table 1).

Figure 3 shows that infusion of ODQ {10 umol/L: nine
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HOE 140 (60 nmoli}

Fig. 1. The B, kinin receptor antagoniss
Hoe 140 (50 nmol/L} inhibited HCC
relaxation indaced by BK {30 nmol). L-BK

HCC WWW’V'— .

GTN A A
ACh A A

His A A

des-Arg™-BK A
BK A
Lys-BK A
Met-Lys-BK A

L-NAME 10 umo¥/L L-arginine 300 pmo¥/l

(30 nmol} and ML-BK (30 nmol). Note that
the bradvkinin B, receptor agonist des-

10 Arg®-BK (30 nmelt had no eflect on the HCC
min strips. The infusion of Hee 140 affected
neither the tone of the HCC tissues nor the
HCC relaxation induced by GTN (4.3 nmol),

A ACh 180 nmol} and histamine (His.
A 100 nmol). This is & representative tracing
A from six HCC strips ebtained from two
& donors.

Fig. 2. Effects of L-NAME (10 pmol/L} and
L-arginine {300 ymol/L} on HCC strips. The
infusion of 1-NAME increased the HCC tone
and markedly reduced the relaxation
induced by ACh {180 nmol}, BK (30 nmol},

WW“\HW

GTN A
ACh A A
BK A - A
Lys-BK A A
Met-Lys-BK A A

Table 1 The effect of the NO synthesis inhibitor 1-NAME
{1G umol/L) and L-arginine (300 ymol/L} on the relaxation of HCC
{%} induced by ACh. BK. L-BK and ML-BK, The relaxation induced
by ACh and kinins was measured and calculated as a percentage
of the maximal relaxation induced by GTN. The results are the
mean (SEM] from eight HCC strips

HCC

% relaxation)
Agents Comtrel L-NAME L-arginine
AChH 60 nmol} 28 (4} 3{0.35 31
BK {10 nmol} 76 (9] 2003)7 62 {101
Lys-BK (10 nmol} 69 (6) 73 537y
Me-Lys-BK (10 nmol} 7148 9 4T 36 (81

TP < .03 compared with the 1-NAME values: TP<0.01 compared
to control values,

stripsi significantly increased the tone of the HCC tissues
and markedly reduced the HCC relaxation induced by
ACh (180 nmol: 54 (10)% before and 1.5 (0.5)% during
ODQ infusion. P<0.01). BK (30 nmol: 70 (8)% belore
and 3.5 {0.5)% during ODQ infusion, P<0.01). L-BK
{30 nmok 735 (7)% before and 3 (1% during 0DQ
infusion. P<0.01} and ML-BK {3Cnmek 77 (10)%
before and 3.5 (1)% during ODQ infusion, P« 0.01). The
GTN-induced (4.3 nmol) HCC relaxation was also sig-
nificantly reduced by 0DQ. with 93 (2)% inhibition
{P<0.01). The relaxation evoked by these agents was

E~BK (30 nmol) and ML-BK {30 nmo)). The

relaxation induced by GTN (4.3 nmol) was

not significantly affected by 1-NAME.

Subsequent infusion of L-arginine partialiy
msn reversed the increased HCC tone and also

partially restored the relaxation induced by

the kinins. This is a representative tracing
A from eight HCC strips obtaired from two

A donors.

partially restored 30 min after stopping ODQ infusion
(Fig. 3.

The infusion of TTX (1 pmol/L) did not affect the
relaxation of HCC induced by ACh (60 nmol: 50 (9%
before and 68 {12}% during TTX infustion) and BK
{10 nmol: 92 (7¥% before and 87 (6)% during TTX
infusion). Tetrodotoxin also had no effect on the GTN-
induced relaxation of HCC {data not shown).

Discussion

This study shows that BK, L-BK and ML-BK (but not
des-Arg”-BK) relax in vitro preparations of HOC. indicat-
ing the existence of functional B, kinin receptors in
human erectile tissues. The kinin-induced HCC relax-
ation was caused by the release of NO from the HCC
preparations, as the NO synthesis inhibitor -NAME
markedly reduced the relaxation and r-arginine signifi-
cantly reversed this inhibition. This was confirmed by
using 0ODQ, a potent and selective inhibitor of
NO-stimulated guanylate cyelase [17], which virtually
abolished the kinin-induced HCC relaxation.

Although tissue kallikrein, kininogens. kinins and
kininases have been found in different tissues of the
male reproductive svstem: {18.19]. the physiological
importance of these findings is still unciear. Among
these tissues, specific staining for tissue kallikrein was
delected in the Sertoli cells, epithelial cells of the
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HCC

Fig. 3. Inhibition by the selective solubie
guanylate cyclase inhibiter ODQ

(10 pmol/L} of HCC relaxation induced by
GTN (4.3 nmol), ACh {180 nmol). BK

(30 nmoll. L-BK {30 nmol} and Mi-BK

e

(30 nmol). The infusion of ODQ increased GTN A
the 1one of the tissues and virnzally ACh
abolished the relaxation induced by the

agonists. After infusion, the relaxation was BK
partially restored. This is a representative Lys-BK
tracing from nine HCC strips obiained from

three donors. Met-Lys-BK

epididymis and the adenocyies of the prostate [20]. They
also contain both kininogen [21] and & kinin-
inactivating enzyme. mainly a Kll-angiotensin con-
verting enzvme type [22]. Clinical trials conducted in
infertite men [23.24] have suggested that the tissue
kallikrein-kinin system is functionally involved in the
regulation and stimulation of sperm motility. as well as
in raising the number of spermatozoa [19.25.26].

Bradvkinin stimulates primary sensory neurons {13]
and releases neuropeptides {substance P, calcitonin gene-
related peptide and VIP} from their peripheral nerve
endings in different tissues [27]. Interestingly, immuno-
reactivity studies have revealed the existence of these
neuropeptides in nerves of the corpus cavernosum from
various species {including man} suggesting a role in
penile erection {28-30}. Furthermore, both VIP and
substance P are able fo relax HCC strips in vitro [31].
However, it is unlikely that kinin-induced HCC relaxation
is mediated by the release of neuropeptides from NANC
nerve fibres supplving the cavernosal smooth muscle, as
TTX failed to affect the relaxation.

Recent studies have detected NANC nitrergic nerve
fibres in erectile tissues and sugpested that the most
important source of NO in these tissues is neuronal
{32.33}. The finding that kinin-induced HCC relaxation
occurs independently of nerve stimulation implies that
this peptide causes the release of NO from the endo-
thelium of sinusoidal capillaries supplying the cavernosal
tissue, rather than from neuronal sources. Whether BK
may be involved in penile erection in vive is currently
being investigated.
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Lonomia obliqua Caterpillar Spicules Trigger Human Blood
Coagulation via Activation of Factor X and Prothrombin
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Summary

In southern Brazil, envenomation by larvae of the moth Lonomig
obliqua (Walker) may result in blood clotting factor depletion, leading
to disseminated intravascular coagulation with subsequent haemor-
rhage and acute renal failure which may prove faral. We have examined
the effect of a crude extract of spicules from these caterpillars on
in vitro hemostasis. The extract alone did not aggregate platelets and
had no detectable effect on purified fibrinogen, sugsesting that extract
induces clot formation by triggering activation of the clotting cascade.
I agreement with the presence of thrombin-mediated activity, hirudin
prevented clot formation. The extract was found to activate both pro-
thrombin and factor X, suggesting that the depletion of blood clotting
factors results from the steady activaton of factor X apd prothrombin.
Heating and diisopropylflucrophosphate abelished the procoagulant
activity of the extract. indicating that the active component involved is
a protein that may belong to the serine protease family of enzymes. The
ability of hirudin to inhibit this coagulant activity suggests that this
inhibitor could be beneficial in the treazment of patients envenomed by

L obligua caterpiilars.

Introduction

Skin contact with the larvae of ceniain insect species, such as moths
belonging to the Family Saturnidae. resuits in allergic reactions, fever.
necrosis. and kaemorrhage (1). In South America. severe cases of such
envenomation arise from contact with the caterpillars of moths belong-
ing to the genus Lonomia {2. 3). Most studies published o date have
reporied envenomation by L achelous {Cramer), distributed in the
Guyano-Amazenian region where various cases have been observed
over the fast 23 years {2-3). Envenomation results in pain. urticaria, and
amoderate disseminated intravascular coagulation which can trigger an
acquired haemorrhagic syndrome. Clinical reports indicate that bleed-
ing eriginates from a low plasma concentration of fibrinogen, factor V.
factor XIII and plasminogen. which severely afflicted individuals slso
experiencing prothrombin consumption. Two distinet prothrombin
activators have been charactenzed in L. achelons (Cramer) hemolymph
(6), and two isoenzymes with strong fibrinolytic activity (achelase [ and
{I) bave been isolated. and their amino acid sequence determined (7).

The related species. L. obligua (Walker), which differs from
L. achelpus in the organizaton of the male genitadia (8), is found prin-
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cipally in the southern Brazilian states of Santz Cawring and Rio
Grande do Sul. but also oceurs in the states of Parand and Sdo Paulo. In
the last five years. numerous cases of envenomarion resulting from con-
tact with L. obliqua have been reporied ¢3). In addition 1o the haemor-
rhagic synrdrome observed in accidents involving L. achelous, vicums
of L. obligna frequently develop acute renal fatlure which. weether
with intracranial haemorrhage, may lead to fatal outcomes. We report
here that an extract from the spicules of L. sbligua caterpillars activates
factor X and prothrombin, accounting for the procoagulant activity of
the venom.

Materials and Methods

FPreparation of spicule extrace, L. obliqua caterpillars were collected near
the city of Passo Fundo (Rie Grande do Suf, Brazil). rapidly frozen in liquid
nitrogen, and the spicules harvested by cutting at their base. Proteins were
exiracted by grinding the spicules with a mortar and pestle in 100 mM Tris-
HCI, pH 74. Following centrifugation at 2000 X g for 23 min at ° C. the
resuiting supernatant was fltered through 2 (.32 M filter. and stored in small
aliquots at-20° C, until use, The total protein content of the axtract was derer-
mined by 2 modification of the Lowry assay. using bovine serum afbumin as the
standard (9.

Inactivation of the enzymatic activity of the extract was achieved by adding
25 ul of diisopropy!fluorophosphate (DFP. 200 mM in sopropy! alcohals o
300 whextract (2.5 mg/ml). Following a 39 min incubation at room tempera-
ture, unreacted DFP was removed by ultrafiltration through a 3 kD exclusion
membrane. The treated extract was washed once with 100 mM Tris-HCl bugter.
pH 7.4 and resuspended in 300 wl of the same buffer.

Functional studies, Human prothromban, thrombin, factor X, and fibrinogen
were purified as previously deseribed {10, £1). Clotting times were reconded
at 37° C after the addition of various amounts of extract { 0 gl dilued
£30 mM Tris-imidazole-saline buffer, pH 7.4} 10 a mixiure of 100 ul of it
ed plasma and 100 i of either CaCl, (23 mM) or EDTA (13 mM). Clotting
times of factor V and factor X deficient plasmas {Diagnostica Stago, Asnidres,
France) were recorded under the same conditions. Altematively, 100 w1 of
highly purified fibrinogen (6 WM} was used in the place of plasma. lnhibiion
of the procoagulant activity was determined as above after 30 s preincubution
of the spicule extract with Hirulog {up t© 0.2 uM: kindly provided by Dr.
1. M. Maraganore, Biogen, Cambeidge. MA, U.5.A. or recombinant hirudin
{up to 0.3 pM: Ciba-Geigy. Basel. Switzerland). :

Factor X activation was followed & 25° C in 30 mM Tris-HCL pH 7.8, con-
wining 100 mM NaCl and 0.2% (w/v) polytethyleneiglycol (Mr 60001, The
reactions were initiated af appropriate intervals by mixing 10 ul of factor X
(2 )y with 10 pl ofextr:{c(,(aﬁ().&gfml) in multiwel] plates. Following iacu-
bation, activated factor Xa was detected by monitoring the increase in
absorbance at H)3 nm (A,.) with time after the addition of 100 pl (106w M
of Bz-Tle-Glu-Gly-Arg-pNA {§2222, Chromogenix, Mdindal, Swedeny. The
absorbance was read using 3 Thermomax microplate reader ( Molecular De-
vices), Prothrombin activagion {2 pM) was assaved under similar conditions,

A0
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exvept that H-D-Phe-pipecolyl-Arg-p-nitreanilade (S2238) was used instead of
S222 2 morder to Jetet the resulting thrambmn activity

Fuactor X and prothrombin gctivition was also investigated by following the
time-dependent Formation of reaction preduct at 37°C in a Perkin Elmer
lambda 14 spectrophotometer. Cuvettas 1 em path lengthy were fifled with
990 1l of & mixiure of either prothrombin (2 M) and S22 (=200 wb or
factor X OF M and 82222 (=200 p My in 30 mM Tris-HCL pH 7.8, contain-
ing 00 mM NaCl 0.2% {w/vy polvierivieneiglveol (Mr 60007 and CaCl,
i2 mMy The mixwre was incubated in the thermostatied cell holder of the
spectrophotometer for [0-15 mun undl 2quilibrium was atained. and the in-
crease in Ay, with time was then monitored for up to 3 b after the addition of
H0 l of extract 1260 po/mb).

Plarelet preparation und seimuladion. Blood from healthy donors who had
not akea any medication for at least ten davs was colfected into 0.1 vol of cit-
ric acid/eitrate/dextrose selution and the platelets were tsolated as previously
described ¢ 121, Prior to aggregation, 0.7 mi of washed platelets (1.5 % 10%ml)
were prewarmed for T omin at 377 C with stirring (900 rpm), Calcium was
added o a final concentration of § mM immediately before the assay. Aggrega-
tion was infttated by the addition of up to 30 pl of spicule extract (or thrombin,
L oM and menitored for 3 min in a tvo channel Payion aggregometer {Payton
Scientific Instruments. Inc.. Butfalo. NV,

Resuils

Spicule extract triggers blood coagulation. Since skin contact with
L. obliguea caserpillars induces disseminated intravascular coagulation
which can fead to haemorrhage. we examined the effect of a spicule
extract on in virro haemostasis. The addsnion of increasing amounts of

Fig.1 Blood coagulaion in the
oresence of L. obligua spicule extract,
Cloning time of recalcified human
cirrated plasma (in seconds) in the
L presence of increasing amounts of
L. obliqua spicule extract. Each daa
pomt represents the mean of four
Jeerminations”

Clotling lime {s}

b 139 w50
Spicule extract {u g'ml)

mil A osfinin

1.0

o

0.0

0 30 Bt} 90}
Time (min)

Fig. 2 Factor X activation by L. obfigua spicule extract. The concentration of
factor Xatexpressed in mil A g/ming versux time when | pM of factor X was
incubated with 0.6 ug of spicule extract, Lass than 10% of the initial factor X
concentration was activated after 90 mun, The solid hoe represents the nital
velocity of factor X activation. obtained by linear regression analysis. Extract
alone steadily hydrolyzed 51277 in the absence of factor X (2.8 milli A ,/min).
This factor Xa-independent hydrolysis was subtracted from each data point
of factor X activation W vield the rate of oNA refease attributable o factor Xa
only

Eun Fal

Tuble | Cloting times of factor V- and N-depleted plasmas i the presence of
L. obligua spicute extract 160 wg/mb

Plasma Exiracr Cloting ume {5} sD !
Normal P 32 18 3
+ 23 bl 3
Factor V-deficient - =40k - 4
+ 33 2 3
Factor X-deficient - 134 31 1
+ o3 3 3

extract o recaleified plasma markediy decreased the clotting time
(Fig. 1). This acceleration was dose-dependent at extract concentrations
of up to 150 wg/ml (maximum acceleration of about 10-fold), To inves-
tigate whether the peocoagulant activiny resultad from a direct hydroly-
sis of plasma fibrinogen and/or from the activation of one (or more)
comporent(s} of the cloting cascade. we attempted to clot highiy
purified fibrinogen (2 pMy with spicule extract (20 pg/mb) but no clot
formation was observed, even after a 3 h incubation. When thrombin
was added to this 3 h incubation mixture. a clot formed within 10 s,
suguesting that the extract ulene had fittle or no effect on fibrinozen
and that clot formation was mediated through the action of thrombin
rather than induced directly by the exuact. Consistent with this hy-
pothesis was the observation that when extract was added (o recalcified
plasma in the presence of 0.2 uM Hirulog, clotting time increased
to = 600 s and no clot formation occurred within 900 s in the presence
of 0.5 uM hirudin. Additgon of 10 w 300 pg of exract/ml failed to
provoke a detectable response in platelets and did not accelerate or
interfere with thrombin-induced aggregation.

Heating ar 607 C for 30 min or treauing with DFP sbolished the pro-
coagulant activity of the exiract, suggesiing that the active component
15 a protein whick may belong to the serine protease family of enzymes.

Spicule extract containg a factor X activator. The above observa-
tions suggested that the addition of spicule extract 1 plasma could lead
10 thrombin formation, either by iniuating the clotting cascade or by
directly activating prothrombin, We first investizated whether the
extract contained a factor X actuvator by evaluating its abifity o form
factor Xa. The concentration of newly formed factor Xa was deter-
mined from the rate of hvdrolysis of S2222 (2 relarively specific
p-nitroanilide substrate for factor X, Factor X on its own was stable in
the kinetic buffer no $2222 hvdrolysis was detected even after a 3 h
incubation at 37° C. The exiract by itself slowly hydrolyzed S2222 ata
rate which remained constant over a 3 b period. Thas, while a back-
ground hydrolysis was observed. the rate of 52222 hydrolysis wus con-
stant suggesting that the incubation condiions did not cause detectable
Zymogen activation or enzyme depletion within the exiract. When
factor X was incubated with the extract in the absence of added cai-
cium, the rate of 52232 hvdrolysis increased dramatically with time
iFig. 2). Consistent with a direct activation of factor X, the generation
of factor Xa proceeded without a discernible lag phase and the increase
in activity was linear with timie up to [0% of full factor X activation,

" Spicule extract containy a calciwme-dependent prothrombin activa-
tor. To investigate whether the procoagulant activity of the extract acts
via the prothrombinase complex alone. we examined the influence of
extract on the clotting times of factor V- or X-depleted plasma. In both
cases, the extract dramatically reduced the clotting fimes of the two de-
ticient plasmas (Table D implying thar direct factor X activation was
ot the only trigger for thrombin formwnon in plasma. Prothrombinase
i the only prothrombin activator in the clouing caseade. and the
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activation complex includes both factor Xa and Va. Thus, in addition
to direct factor X activation. the spicule extract abso directly acti-
vates prothrombin. We investigated the capacity of the extract to gener-
ate thrombin activity based on the hvdrolysis of S2238 (u relatively
specific substrate for thrombin). Prothrombin was incubated with the
extract for different lengths of time, and the thrombin concesntration
was evaluated from the rate of 52238 hydrolysis. However, our
attempts to detect extract-induced prothrombin activation failed until
we realized that, in contrast to factor X activation, the reaction was
calcium-dependent. When caleium (2 mM) was added to the assay buf-
fer, prothrombin activation was readily detectable (Fig. 3% As with
factor X. prothrombin on its own was stable for 3 hin the assay butter,
since no nydrolysis of substrate was observed. A slow hvdrolvsis of
52238 by the extract alone was detectable in the absence of prothrom-
bin. In the presence of extract. calcium. and prothrombin, the time
course of S2238 hydrolysis exhibited an upward curvature typical of
coupled reactions in which the first reaction {i.e, prothrombin activa-
tion by the extract) is rate-limiting.

Discussion

Several cases of generalized haemarrhage following contact with
larvae of the moth L. obligua have recently been reported (13). The
symptoms of envenomation are very similar to those observed follow-
ing L. achelous envenomation in Venezuela. even though the two spe-
cies have different geographical disinibutions. [n spite of the similarities
in the clinical aspects of envenomation, caterpillars from the two spe-
cies may differ not only genetically {8), but also roxinologically. Our
data suggest that the spicules of L. obligua tarvae contain at least two
activities: a factor X activator and a calcium-dependent prothrombin
activator.

The active component of the spicule extract is likely to be a protein
belonging to the serine protease family. The inabiiity of the L. obfigua
extract to trigger plasma cosgulation in the presence of the specific
" thrombin inhibitor hisudin indicates the presence of a thrombin-mediat-
ed activity, However, from our in vitro investigation, three observaetions
exclude the presence of a thrombin-like enzyme: (1) highly purified
fibrinogen was not degraded by the extract alone, (i) the spicule extract
did rot induce plateler aggregation. and (iii) hirudin had no effect on the
extract-induced hydrolysis of $2238. The extract stimufated factor X as
well as prothrombin activation. In a very simifar form, the hemolimph
of L. achelous does not have a thrombin-like activity. [n addition, this
hemolimph was able to hydrelyse 2222 and contains a direct pro-
thrombin activator (8). In this case. thrombin formation occurred in the
absence of calcium, but this activity was greatly enhanced by the pres-
ence of phospholipids. cafcium plus factor V.

During nermal blood coagulation. factor X is activated by factor [Xa
within the Tenase complex ( 14). Thus. the presence of factor X and pro-
thrombin activators are clearly sufficient to trigger blood coagulation
and the subseguent fibrinogen depletion reported in L. obliqua victims.
Thrombin produced either directly or through factor Xa activation
cleaves fibrinogen. factor V and factor XIIL resulting in the consump-
tion of these factors. The inoculation of even a very small amoust of
venom is enough to trigger « long-term coagulation defecs, principally
though the slow but continuous activation of the clotting cascade.
Ultimately, the fevels of several blood clotting factors full below their
physiological limit, and result in the paradoxical haemorrhagic sva-
drome. Human plasma seems unable o neutralize this venom. which
appears to have & loag half-life in the blood stream, Thart hirudia and
hirulog neutralize the coagulant acuvity may suggest at first that

Factor X Prothrombin

[ ot 8 n H

Time {mia}

Fig. 3 Factor X and prothrombin activation by the L. obliqua spicule zxiract
in the presence of 2 mM calcium. Factor X {left panel} and prothrombu :ight
panel} activation after the addition of 0.6 g of spicule extract in the prasence
of 2 mM calcium. The chromogenic substrates $2222 and S2238 (200 pM)
were used to detect factor X (1 wM} and prothrombin (2 uM) activaton. re-
spectively. In each panel, curve A represents the background hydrolysis of the
pNA substrate by Factor X or prothrombin (ia the absence of extract). curve B
represents the background hydrolysis of the pNA subsirate by the extract alone,
and curves C represents the hyvdrolysis by a mixture of extract and either fac-
tor X or prothrombin. The experiment was performed at 37° C

these very efficient thrombin inhibitors (13) could be beneficial in the
treatment of patients envenomed by L. obliqua caterpillars. However, if
coagulation is continuously activated, hirudin, and most other anti-
coagutants {including heparin} are tikely to be of limited benefit. and
antibody therapy designed to neutralize the persisting activator would
be preferable. An antiserum for this purpose has recently been de-
seribed (163,
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Introduction

Diclofenac

Influence of gastric acid secretion blockade and
food intake on the bioavailability of a potassium
diclofenac suspension in healthy male volunteers

A. Pouz, R.A. Moreno', W. RIBEIRO!, H.B. DIASI, H. Moreno Jr], M.N. Muscar4! and G. De Nucer!

‘Miguel Servet Clinical Pharmacology Unit, Department of Pharmacology, Faculty of Medical
Sciences, UNICAMP, Campinas, Brazil and * Department of Pharmacology, Center of Biological
Sciences, Federal University of Santa Catarina, Floriandpolis, Brazil

Abstract. The bioavailability of a single dose of a potassium diclofenac (KDIC) suspension (Flogan,
Merck, 7ml. 105 myg) was studied in 13 healthy male volunteers in the fasting state {placebo phage,
PLA), after gastric acid secretion blockade (subacute pretreatment with omeprazole, OME phase) and
after food intake (FOQOD phase). A 14-day washout period between phases was adopted. Serum
samples were obtained over a 24 hour interval and the diclofenac concentrations were determined by
high pressure liquid chromatography with ultraviolet detection. From the serum diclofenac concen-
tration vs time curves, the AUCo.--] (area under the concentration vs time curves from 0 to infinity),
Cinax (maximum achieved concentration), tmax (time to achieve Cmax), Ke (ferminal first order
climination constant), half-life values (11/2) and AUC | 0.0/t 1/2 ratio as an index of diclofenac clearance,
were obtained. All these variables were analyzed using both parametric and non-parametric statistics.
In the presence of food, KDIC absorption was delayed (as shown by fower Crax and greater tiux
values) and decreased (as shown by lower AUC|g...} values), and the serum diclofenac concentration
vs time curves showed a biphasic pattern. Omeprazole pretreatment did not change the absorption
parameters, Both of these treatments altered the diclofenac clearance, as assessed by the AUC[0..1/t1/2,
iz and Ke values, afthough the changes were not considered to be clinically significant, because of
the wide therapeutic range for diclofenac. The delay in the rate of diclofenac absorption produced by
food mtake was not due to an increase in the gastric pH, and could be of particular importance when
rapid analgesia is desired.

Key words: potassium diclofenac suspension — human volunteer pharmacokinetics - bioavailability
- gastric acid blockade — omeprazole — food intake — drug interaction

The main problem associated with NSAID therapy is
the ability of these drugs to induce gastrointestinal injury,

(12-(2,6-dichloroanilino)phenyljacetic  most notably gastric ulceration, bleeding and perforation,

acid) is a potent nonsteroidal antiinflammatory drug
(NSAID) belonging to the phenyl acetic group, and is
widely used in its sodium salt form in cases of chronic and
acute inflammation [Altman 1986, Calabro 1986, Kantor
1986, Zuckner 1986]. The potassium salt of diclofenac
(KDIC) has been marketed mainly in Latin America and
has been prescribed for acute conditions to provide fast
analgesic and antiinflammatory effects [Rahamonde and
Saavedra 1990, Verstraeten and Bakshi 1991].

Received March 9, 1995 accepted in revised form QOctober 24, 1995.

Correspondence to Dr. Gitberto de Nueei, Miguel Servet Chinieal Phas-
macology Unit, Depurtment of Pharmacology. Faculty of Medical Sci-
ences, UNTCAMP, PO Box 6112, 13084106 Campinas, SP, Brazil.

as well as an increased risk of bleeding from preexisting
peptic ulcers [Soll et al. 19911 In an attempt to reduce
NSAID-induced mucosal lesions and uicer formation or
exacerbation, several clinical practices have been adopted
including the oral administration of the drug at mealtimes,
the use of spectal preparations such as enteric-coated tab-
lets or the concomitant administration of antacids [Brzo-
zowskietal. 1993], histamine Ha receptor antagonists | Van
Berge Henegouwen and Smout 1991|, prostanoids |Miller
1992} or proton-pump inhibitors [Scheiman et al. 1994].

Drugs dissolved in biological fluids exist as predomi-
nantly weak ionizable species and are absorbed across the
plasma membrane in their nonpolar or unionized forms.
The ionized forms cannot cross the membrane due to the
hydrophobic nature of the latter. Consequently, the pH of
the microenvironment is critical in determining movement
across the membrane {Wilson et al. 19893,
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Fig, 1 Serum diclofennte concentration (mean + SEM) versus time
curves obtuined in 13 healthy male volunteers [ollowing a single admini-
strition of MY mg KDIC (7 mlof Flogan suspension) after placebo (PLA).
gastric acid secretion blockade (OME} and food intake (FOOD)

Results

Diclefenac and omeprazole were well-tolerated at the
administered doses and no adverse effects were reported.
After omeprazole treatment, the gastric juice pH was sig-
nificantly increased from 1.67 £ 0.11 (PLA phase) to 6.90
013 (p < 0.0, n = 13; Student’s paired t-test).

Figure 1 shows the mean serum diclofenac concentra-
tion vs time curves for the PLA, OME and FOOD phases.
The major mean pharmacokinetic parameters derived from
the serum diclofenac concentration vs time curves are
presented in Table |,

Parametric and non-parametric analysis of individual
AUC00), Cinax percentual ratios and tmux differences be-
tween OME and PLA phases did not show any statistically
significant differences, as shown by their inclusion in the
80 - 125% interval (Table 2). However, the diclofenac
clearance index AUCn.=)/t1/2, as well as Ke and t12 were
altered by the subacute treatment with omeprazole (Table
2a).

FOOD teatment altered the diclofenac pharmacoki-
netics, as shown by the non-inclusion of the individual
AUCH-). Crax, AUC0-sept1/2, Ke and t1ys percentual ra-
tios from the 80 — 123% interval, and the individual tiax
differences (Table 2b).

Discussion

Omeprazole, like diclofenac, is biotransformed in the
organism [Stierlin et al. 1979, Gugler and Jensen 1985}
Apart from its inhibitory activity on proton-pump and
gastric acid secretion [Lampkin et al. 1990, Scheiman et al.,

Poli, Moreno, Ribeiro et al.

Table I Meun KDIC pharmacokinetic parameters obtained in {3 healthy
male volumeers after the ingestion of 105 mg KDIC (7 ml of Flogan
suspension) under ditferent conditions. PLA, placebo; OME, omeprazote;
FOOD, food intake: C1, confidence interval

Purameter PLA OME FOOD
AUCqy.243 (ng h mi™)
Geom. mean 3,459 3,564 3,114

90% CI
AUCpm) (ng hml ™
Geom. mean

29874005 31863986  2,617-3,706

3.502 3.044 304

90% CI 3007 - 4078 32464092  2,617-3,707
AUC o)ty

Geom. mean i.897 1,643 2,023
90% CI1 1,578 ~ 2,282 1331 - 2029 1,528 -2678

Cox (ng/ml)

Geom. mean [,330 1.276 1,052
B%E C1 1,084 ~ 1,631 1,136 ~ 1,435 B27-1,338
Ke (b7

Geom. mean .37 0.32 0.45
90% C1 0.29 - (.47 (L26 - (1,39 0.37 - 0.55
tisz (hy

Gepm. mean 1.95 221 1.54
90% 1 1.535 - 247 1.&0 - 2.71 1.26-1.88
[ITISIX (h)

Median 0.5 0.5 3.0
Range 0.5-4.0 0.5-1.0 5-50

19941, omeprazole may also alter drug pharmacokinetics
since it inhibits hepatic microsomal enzyme activity [Ro-
gerson et al. 1977]. Omeprazole prevents the metabolism
of diazepam and phenytoin by inhibiting this enzyme sys-
tem {Gugler and Jensen 19851 and this effect could account
for the decrease observed in diclofenac clearance, and the
consequent increase in t1/2 (Table 2a).

Another mechanism by which omeprazole affects
drug pharmacokinetics is by altering drug absorption. For
instance, omeprazole increases the absorption of bismuth
from tripotassium dicitrate bismuthate {Treiber et al.
1994], Diclofenac is a weak acid (pKy = 4.0) and very
liposoluble (partition coefficient n-octanol/butfer, pH 7.4
= 13.4}, and could be well absorbed in the low pH of the
stomach. Although omeprazole significantly increased the
gastric pH (from 1.67 to 6.90), it did not affect the di-
clofenac AUC|D.o0), Crnax and timax, indicating that gastric
pH does not alter diclofenac absorption,

The administration of the KDIC suspension in the
presence of food delayed the rate of diclofenac absorption
(as shown by the greater tmax values). Thus, KDIC should
not be administered with food when rapid analgesia is
desired. Food administration also reduced the absorption
of diclofenac (as shown by the lower Crax and AUCH)-wj
values) and changed the absorption pattern. However, be-
cause of the wide therapeutic range for diclofenac, the latter
finding probably has little or no clinical relevance. Al-
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Abstract.The bioavailability of two suspension formulations of potassium diclofenac (Flogan,
Merck and Cataflam, Ciba-Geigy) were compared in eighteen healthy male volunteers who received
asingle dose of 7 ml of each suspension (equivalent to 105 mg of potassium diclofenac) in an open
randomized two period crossover design, with a fourteen-day washout period between doses. Serum
samples were obtained over a 24 hour interval and diclofenac concentrations were determined by
HPLC with ultraviolet detection. From the serum diclofenac concentration vs time curves, AUC 24
(area under the concentration vs time curves from 0-24 h), Cmax (maximum achieved concentration),
Tumax (time to achieve Cuax) and K. (terminal first order elimination constant) were obtained.
Overlapping of T intervals for both formulations was observed, but the important inter-subject
vartation observed in Cuax ratios did not allow equivalence conclusion for the rate of absorption.
Equivalence in the extent of bioavailability between both potassium diclofenac suspension brands
was concluded front the analysis of AUC .24 ratios.

Key words: potassium diclofenac suspension ~ human volunteer pharmacokinetics — bioavaila-

bility - high-performance liquid chromatography

Introduction

Diclofenac, (12-(2,6-dichioroanilino) pheny!) acetic
acid), is a potent non-steroidal anti-inflammatory drug
{NSAID), widely used for its analgesic, antipyretic and
anti-inflammatory activities. Its main therapeutic uses in-
clude long-term symptomatic treatment of rheumatoid
arthritis [Zuckner 1986, osteoarthritis [Altman 1986], an-
kylosing spondylitis [Calabro 1986], and short-term treat-
ment of acute conditions like musculoskeletal injury, pos-
toperative pain, renal colic, biliary colic, dysmenorrtheaand
oral surgery |Kantor 1986},

Diclofenac is a weak acid with pK, of 4.0, has a
partition coefficient of 13.4 (n-octanol/buffer pH 7.4) and
the structural elements include a phenyl acetic acid group,
a secondary amino group and a phenyl ring containing 2
chlorine atoms [Salimann 1986].

Although the drug is completely absorbed after oral
administration [Todd and Sorkin 1988), almost 50% of the
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administered dose does not reach the systemic circulation
due to first pass hepatic metabolism |Todd and Sorkin
1988]. The drug is highly bound to serum proteins (99.7%),
mostly to albumin [Riess et al. 1978} and is eliminated
mainly by hepatic metabolism followed by urinary and
biliary excretion of glucuronide and sulphate conjugates,
with an elimination half-life of 2 hours [Willis et al. 1979].
The main metabolite is a 4’-hydroxy derivative, 30 times
less active than the parent compound [Menassé et al. 1978 l.
An extensive clinical experience with the drug has been
accumulating over the last twenty years, employing mostly
the conventional oral formulation of enteric-coated tablets
of the sodium salt of diclofenac (Voltaren), Following oral
administration of this formulation in fasting subjects, peak
plasma concentrations are obtained after 1.5-2.5 hours
{Todd and Sorkin 1988]. Food may delay absorption by
increasing the time to reach the site of dissolution in the
small intestine [Todd and Sorkin 1988].

In order to ensure faster onset of absorption and
consequently faster analgesic effect, the potassium salt of
diclofenac was formulated as sugar-coated tablets [Ver-
straeten and Bakshi 1991, Novoa-Heckel 1984] and as
suspension for oral administration. These new diclofenac
potassium formulations have been marketed mainly in
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Material

Diclofenac {sodium salt) and indomethacin (intemal
standard) for HPLC analysis were supplied by Sigma
Chemical Co (St Louis, USA). Analytical grade acetic acid,
ammonium acetate, dichloromethane, sodium hydroxide,
phosphoric acid and HPLC grade acetonitrile were pur-
chased from Merck (RJ, Brazil). Non-commercial test di-
clofenac potassium suspension formulation (Flogan Sus-
pensao, 13° pilot lot, of. 33321; FLO) was supplied by
Merck S.A. Industrias Quimicas (RJ, Brazil), and the ref-
erence formulation (Cataflam Suspensao, lot No. 523902;
CAT) is the commercial diclofenac potassium suspension
marketed by Ciba-Geigy (SP, Brazil).

Results

Figure | shows that under the described chromato-
graphic conditions, the retention times for diclofenac and
internal standard were 7.0 + 0.3 minutes and 9.4 + 0.3
minutes, respectively. As also shown in Figure 1, no en-
dogenous interfering peaks appeared at the retention times
of the compounds of interest. The detection limit for di-
clofenac was set at a concentration of 10 ng/ml (sig-
nal/noise ratio = 3). The calibration curve was linear over
the range 10 ng/ml to 2,000 ng/ml, with a regression
coefficient 2 0.999 and intercept not significantly different
from zero. Inter-assay variation values (as % CV) were
21.2,12.5,12.5,7.7 and 7.6% for diclofenac concentration-
s of 66, 117, 218, 581 and 1,142 ng/ml, respectively (n =
12 for each concentration). The obtained intra-assay vari-
ation values were 8.2, 3.8, 3.9, 2.0 and 1.9% for diclofenac
concentrations of 56, 102, 209, 506 and 1,033 ng/ml,
respectively (n = 6 for each concentration).

Diclofenac was well tolerated at the administered
dose, and no adverse effects were reported. Figure 2 shows
mean diclofenac serum concentrations as a function of time
after the oral administration of 105 mg potassium diclofe-
nac of both suspensions. The major mean pharmacokinetic
parameters derived from the serum concentration vs time
curves are presented in Table 1. Arithmetic and geometric
means ratios for AUCp.24) and Cpx of the two diclofenac
potassium oral formulations are shown in Table 2, as well
as the analysis of their inclusion into the interval 80-120%
by different tests.

Conclusion

The HPLC method employed here, similar to that of
Santos et al. {1992}, introduced an additional washing with
ammonium acetate after the extraction procedure with
organic solvent in acid medium. This step improved the
chromatograms by eliminating peaks which eluted at reten-

(a) (b}

inj.
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1
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O 5 10 O 5 Io
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Fig. I HPLC chromatograms, (a): blank plasma showing the ahsence of
peaks at the retention times of the compounds of interest; (b): plasma
sample withdrawn four hours after the administration of 105 mg of
potassium diclofenac. Diclofenac concentration measured in this sample
was 197 ng/ml. Peak I: dictofenac: peak 11 indomethacin (internal stand-~
ard).

tion times very close to that of diclofenac. No loss of
sensitivity was observed after the inclusion of this step, as
at the neutral pH of the ammonium acetate solution re-ex-
traction of diclofenac to the aqueous phase is avoided. This
affirmation was confirmed when an aliquot of the washing
ammonium acetate solution was injected into the chroma-
tograph and no peak appeared at the retention time of
diclofenac (not shown).

The present study shows that the two brands of oral
suspension of potassium diclofenac are equivalent for the
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