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NO JUSTO MOMENTO

No justo momento em que:
o fracasso lhe atropele o carro da esperanca;
0 apoio habitual lIhe falte & existéncia,;
a ventania da adverténcia lhe agoite o espirito;
a aflicdo se lhe intrometa nos Dassos;
a tristeza lhe empane os horizontes;

a solidao lhe venha a fazer companhia; no momento Justo, enfim, em que a
crise ou a anguastia, a sombra ou & tribulagiao se lhe facam mais dificeis de
suportar, nado chore e nem esmoreca.

A agua pura a fim de manter-se pura é servida em taca vazia.
A treva da meia-noite é a ocasifo em que o tempo d4 sinal de partida,
para nova alvorada.
Por maior a dificuldade, jamais desanime.

O seu pior momento na vida é sempre o instante de melhorar.

Albino Teixeira
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Resumo Geral

RESUMO GERAL

Tem sido sugerido que dietas ricas em fibras podem ser benéficas para os diabéticos desde
que elas possam reduzir a glicose sangiiinea pds-prandial e os niveis de lipideos
sangiiineos. Outro ponto de interesse € a possivel influéncia das fibras dietéticas sobre a
cinética de farmacos. Assim, o objetivo deste estudo foi: a) avaliar o efeito de farinha
konjac (uma fibra dietética introduzida recentemente no Brasil) na absor¢do de glicose,
usando o teste de tolerancia a glicose (GTT) e o perfil lipidico em ratos Wistar machos,
nao diabéticos € diabéticos; b) avaliar, em voluntarios humanos, a influéncia de farinha
konjac sobre a biodisponibilidade da glibenclamida (medicamento hipoglicemiante). Para
o GTT, depois de 18 h de jejum, os animais receberam 2,0 mL de solucdo de glicose (1,5
g/kg peso corporeo) por sonda oro-géstrica, sem e com a adi¢do de farinha de konjac (0,1
g/kg peso corpéreo). A glicemia foi determinada (método glicose oxidase) no estado de
jejum e apés 30, 60, 90 e 120 min. A glicemia dos animais néo diabéticos e diabéticos que
receberam farinha de konjac foi significativamente menor (p < 0,05) em relagdo ao seus
controles somente aos 30 min. Para a avaliagdo do efeito da farinha konjac sobre o perfil
lipidico , os animais foram alimentados, durante 18 dias, dieta controle (DC) (AIN/93) ou
dieta contendo farinha konjac, 5% (DK), em substitui¢do de amido. Ao término do periodo
experimental ndo foram verificadas diferencas significativas entre os grupos teste €
controle nos niveis plasméticos de triacilgliceréis, colesterol total ¢ LDL-colesterol. O
nivel de HDL-colesterol foi menor (p < 0,05) no grupo teste comparada ao grupo controle.
Perda de peso corpéreo do grupo teste foi menor (p < 0,05) que a do grupo controle. O
estudo relacionado ao efeito da farinha konjac sobre a  biodisponibilidade da
glibenclamida foi conduzido em voluntérios humanos sauddveis. Este foi realizado em trés
fases de forma randomizada comparando a formulagdo da glibenclamida comercial, como
segue: fase 1: glibenclamida (2,5 mg); fase 2: glibenclamida + banana amassada (100 g) e
fase 3: glibenclamida + banana amassada + konjac (5 g). Foram obtidas amostras de
sangue pré-dose, € em intervalos freqiientes até 24 h poés-dose. A glibenclamida foi
determinada em plasma por método validado, utilizando cromatografia liquida de alta

eficiéncia/espectrometria de massa (CLAE/EM-EM). Os parimetros farmacocinéticos
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calculados incluiram: Cmax, AUC(p24 1), Tmax, t;2(h) e Ke. Todas estas variaveis foram
analisadas usando estatistica paramétrica e ndo paramétrica. Os valores obtidos de Cmax

(ng/mL) e t;»(h) foram 102,5 £ 26,6; 78,0 = 31,4; 70,6 = 18,3 € 2,8; 3,7; 4,6 h, para as fases
1, 2 e 3, respectivamente. O valor de Tmax (2 h) permaneceu inalterado para todas as fases.
Os resultados sugerem que a farinha konjac ndo afeta a biodisponibilidade da
glibenclamida, além do efeito produzido pela ingestdo de alimentos (neste estudo

representado pela banana).



Summary

SUMMARY

It has been suggested that diets rich in fiber may be beneficial to
the diabetics since they could reduce the postprandial blood glucose and serum lipid levels.
Another point of interest is the possible influence of dietary fibers on the kinetics of drugs.
So, the aim of this study was to: a) evaluate the effect of konjac flour (a dietary fiber
recently introduced in Brazil) on the absorption of glucose, using the glucose tolerance test
(GTT), and on lipid profile in non diabetic and diabetic male Wistar rats and b) to assess,
in human volunteers, the influence of konjac flour on the bioavailability of glibenclamide (a
hypoglycemic drug). For the GTT, after 18 h fasting state, the animals received 2.0 mL
glucose solution (1.5 g/kg body weight.) by oral (intragastric) tube, with and without
konjac flour addition (0.1 g/ kg body weight). Glycemia was determined (glucose oxidase
method) in the fasting state and after 30, 60, 90 and 120 min postprandial. The glycemia of
the non diabetic and diabetic animals that received konjac flour was significantly lower
(p £ 0,05) in relation to their control only at 30 min. For the evaluation of the effect of
konjac on the lipid profile, the animals were fed a standard diet (DC) (AIN/93) or one
containing konjac flour, 5% (DK), instead of the starch during 18 days. At the end of the
experimental period verified no difference between the test and control groups on:
triacylglycerols, total cholesterol and LDL-cholesterol plasmatic levels. The HDL-
cholesterol level was lower (p < 0.05) in the test than in the control group. Body weight
loss of the test group was lower (p < 0.05) than the control group. The study of the effect
of konjac on the bioavailablity of glibenclamide was conducted in healthy volunteers. It
was a three-way randomized crossover design comparing one glibenclamide commercial
formulation as follows: stage 1: glibenclamide (2.5 mg); stage 2: glibenclamide + mashed
banana (100 g) and stage 3: glibenclamide + mashed banana + konjac (5 g). Plasma
samples were obtained pre-dose and at frequent intervals for up to 24 h post-dose.
Glibenclamide was determined in plasma by a validated method using high performance
liquid chromatography/tandem mass spectrometry (HPLC/MS-MS).The pharmacokinetic
parameters calculated included: Cmax, AUC .24 1) , Tmax, tin and Ke. All these variables
were analyzed using both parametric and non-parametric statistics. The Cmax and t,q

values obtained were 102.5 + 26.6; 78.0 + 31.4; 70.6 + 18.3 and 2.8; 3.7; 4.6 h, for stages
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1, 2 and 3, respectively. The Tmax value (2 h) was the same for all the 3 stages. Results
suggest that konjac flour do not affect the bioavailability of glibenclamide further to the
influence provoked by the ingestion of foods (in this study represented by the banana).
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INTRODUCAO GERAL

A dieta influéncia todos os estagios do ciclo da vida, sendo que a sua importancia
est4 calcada, entre outros, no fornecimento de nutrientes necessarios ao sustento do corpo
humano.

A fibra alimentar, um componente presente na dieta, adquiriu importéncia a partir
de 1973, quando BURKITT (1971/73) ¢ BURKITT e col. (1972) através de estudos
experimentais e epidemiolégicos, propuseram uma estreita relacao entre caréncia de fibras
alimentares nas dietas e a incidéncia de vérias doengas tais como: cancer de colon,
constipagdo intestinal, hipercolesterolemia e diabetes. O resultado destes estudos para a
comunidade cientifica determinou um estimulo a novas pesquisas e o repensar do papel da
fibra na saude do homem, em fungdo dos seus efeitos fisiologicos, metabdlicos e
nutricionais.

A Farinha de konjac , normalmente referida como konjac mannan € um p6 de
coloragdo clara obtida do tubérculo da Amorphophallus konjac (c. Koch) membro da
familia Araceae encontrada na Asia oriental, tubérculo secular bastante utilizado na
tradicional cozinha japonesa e chinesa, apresentando baixo teor de proteina, lipideo e
vitaminas, mas com alto teor de fibra. O konjac € uma glucomanana consistindo de glicose
e manose com ligagdes glicosidicas B 1-4, numa razao molar de 1:1.6. No Brasil, teve seu
uso normatizado pelo Ministério da Saude, através da Portaria N° 13, de 11 de janeiro de
1996, autorizando seu uso como aditivo alimentar com as fun¢des de agente espessante €
estabilizante. No comércio é encontrado em cépsulas, ou fazendo parte de formulagdes em
produtos como “shakes”. Estudos clinicos e epidemiolégicos indicam os beneficios do
konjac em enfermidades cronicas e problemas relacionados com o funcionamento
gastrintestinal. Contudo, no que tange a interacdo da fibra konjac com medicamentos,
principalmente os hipoglicemiantes, verifica-se que os dados disponiveis sdo praticamente
inexistentes.

O efeito da fibra konjac sobre metabolismo de glicose pode ser util no controle da
dieta e na dosagem de drogas hipoglicemiantes, especialmente no diabético nao insulino-

dependente -DMNID,
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A medicacdo administrada aos DMNID consiste em agentes hipoglicemiantes orais,
os quais sio ministrados quando os pacientes nido respondem satisfatoriamente a
dietoterapia.

A glibenclamida é, atualmente, uma das drogas hipoglicemiantes orais mais
amplamente utilizada no tratamento do DMNID. Segundo dados da Hoechst Marrion
Roussel S/A, a glibenclamida responde, em média, por 600.000 tratamentos/meés, cerca de
40% do consumo de hipoglicemiantes orais no Brasil. Fato que nos levou a optar pelo

estudo deste medicamento.



Objetivos

OBJETIVOS

O presente trabalho objetivou avaliar a aggo da fibra alimentar konjac sobre:

1. A tolerdncia a glicose em ratos diabéticos e ndo diabéticos,

2. O perfil lipidico (teores de triglicérides (TG), colesterol total, HDL, LDL), nivel
de glicose sangiiinea e avaliacdo do peso corporeo em ratos diabéticos, quando
da ingestdo sub-cronica da fibra.

3. A biodisponibilidade da glibenclamida, correlacionando as concentragdes de
insulina e glicose no plasma de voluntdrios em fungdo da extensdo e velocidade

de absor¢do do referido medicamento.
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INTERACAO FARMACO-NUTRIENTE: UMA REVISAO

RESUMO

A dieta influencia todos os estagios do ciclo da vida, fornecendo nutrientes necessarios ao
sustento do corpo humano. Alteragdes de ordem funcional e/ou estrutural, provocadas por
doencas e infecgdes agudas ou cronicas, levam a utilizagdo de medicamentos, cujo objetivo
é restaurar a satde. A via preferencial de escolha para a administra¢do de medicamentos €
a oral, entre outras razdes por sua comodidade e seguranga. O fendmeno de interagdo
farmaco-nutriente pode surgir antes ou durante a absorgdo gastrintestinal, durante a
distribuicio e armazenamento nos tecidos, no processo de biotransformac¢do ou ainda
durante a excregdo. Assim, é de importdncia fundamental ter o conhecimento dos
medicamentos que podem ser afetados em sua velocidade de absor¢do e /ou quantidade
absorvida na presenga de alimentos, bem como aqueles que ndo sdo afetados. Por outro
lado, muitos medicamentos incluindo antibi6ticos, antidcidos e laxativos podem causar ma
absor¢do de nutrientes.

Termos de indexacio: interacio farmaco-nutriente, farmacologia clinica, absorcao de

alimentos e medicamentos.

ABSTRACT

Diet influences the whole life cycle, supplying nutrients required to maintain the human
body. Functional and/or structural alterations, caused by diseases and acute or chronic
infections, lead to the use of drugs in order to restore the health. The oral route is prefered
for drug administration, owing to safety and convenience among other reasons. The drug-
nutrient interaction phenomenon can occur before or during gastrointestinal absorption,
during distribution and storage in the tissues, in the biotransformation process, or even
during excretion. Thus, to know the drugs whose rate of absorption and/or absorbed
amount can be affected in the presence of food, as well as those that are not affected, is of
fundamental importance. On the other hand, a number of commonly used drug including
antibiotics, antacids and laxatives, can cause malabsorption of nutrients.

Index terms: food-drug interactions, clinical pharmacology, absorption of foods and
drugs.
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INTRODUCAO

O alimento, independentemente da cultura do individuo e da época vivida, é um
fator essencial e indispensdvel & manutengdo e 3 ordem da satide. A importancia do
alimento estd associada & sua capacidade de fornecer ao corpo humano nutrientes
necessarios ao seu sustento. Para o equilibrio harménico dessa tarefa é essencial que os
alimentos sejam ingeridos em quantidade e qualidade adequadas para que fungdes
especificas como pléstica, reguladora e calérica sejam satisfeitas, mantendo assim a
integridade estrutural e funcional do organismo.

A falta de um ou mais nutrientes conduz a um estado nutricional inadequado,
provocando alteragdes de ordem funcional e/ou estrutural no organismo, o que requer
suplementagao (regime dietoterdpico). Essas alteragdes também podem ser provocadas por
farmacos (ROE, 1978).

Os nutrientes sdo também capazes de interagir com féarmacos, sendo um problema
de grande relevincia na prédtica clinica, alterando a relacio risco/beneficio. Essas
interagdes sdo facilitadas, uma vez que os medicamentos na sua maioria, sdo administrados
por via oral.

Os nutrientes podem alterar os efeitos dos fdrmacos por interferirem nos processos
farmacocinéticos, como: absor¢do, distribuicdo, biotransformagdo e excre¢do (OLIVEIRA,
1991; YAMREUDEEWONG et al., 1995), acarretando prejuizo terapéutico. A absorgdo
dos nutrientes e de alguns firmacos ocorre por mecanismos semelhantes e freqiientemente
competitivos e, portanto, apresentam como principal sitio de interagdo o trato
gastrintestinal.

Desde a década de 80, a “Joint Commission on Accreditation of Hospitals" vem
incentivando profissionais como, farmacéuticos e nutricionistas, a monitorar as interacdes
farmaco-nutriente que ocorrem com pacientes internados, bem como orientd-los acerca
dessas intera¢des quando eles deixam o hospital (LASSWELL et al., 1992; MURRAY et
al, 1991). Portanto, na equipe de salde, estes profissionais desempenham um papel
importante na identificagdo da interacdo firmaco-nutriente, bem como na educacio de

pacientes em programas de aconselhamento (THOMAS, 1995). Entretanto, nos E.U.A.,

10
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em uma ampla pesquisa, constatou-se que, na maioria dos hospitais, ndo hda um programa
de consulta formal (WIX et al., 1992).

Um maior conhecimento, no que diz respeito a essa interagdo, conduz a um
controle mais efetivo entre a administragdo do medicamento e a ingestdo de alimentos
favorecendo, assim, a adog¢do de terapias racionais. O presente artigo tem como objetivo

apresentar os diversos aspectos envolvidos na intera¢do farmaco-nutriente.

ABSORCAO E METABOLISMO DOS FARMACOS/NUTRIENTES

A maioria dos farmacos administrados oralmente ¢ absorvido por difusdo passiva,
enquanto os nutrientes sdo absorvidos, preferencialmente, por mecanismo de transporte
ativo. Quando se administra um farmaco por via oral, sua absor¢do pelo tubo
gastrintestinal e, conseqiientemente, sua concentracdo sangiiinea, sio dependentes de
varios fatores, descritos na Tabela 1 (ROE, 1984).

Tabela 1- Fatores que exercem influéncia sobre a biodisponibilidade dos farmacos.

ASPECTOS RELACIONADOS AOS FARMACO VARIACOES INDIVIDUAIS
Solubilidade Idade

Tamanho da particula Ingestdo de fluidos

Forma farmacéutica Ingestdo de alimentos

Efeitos do fluido gastrintestinal Tempo de transito intestinal
Metabolismo preé-sistémico Microflora intestinal

pKa do farmaco Metabolismo intestinal e hepatico
Natureza quimica (sal ou éster) Patologia gastrintestinal
Liberagdo imediata ou lenta pH gastrintestinal

Circulagio entero-hepatica

O trajeto dos farmacos no organismo pode ser representado através de trés fases:
biofarmacéutica, farmacocinética e farmacodinimica, demonstradas de forma

generalizadas na Figura 1.
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Fase Biofarmacéutica
Compreende todos 0s processos que ocorrem com o medicamento a partir da sua
administragdo, considerando as fases de liberagdo e dissolugdo do principio ativo. Esta

fase deixa o farmaco disponivel para a absorgdo.

Fase Farmacocinética
Esta fase inclui 0s processos nos quais o organismo interfere sobre o farmaco.
A farmacocinética é o estudo dos processos de absorcdo, distribuigdo,

biotransformacdo e excregao.

e s e S R sz
Administra¢io do Ingestdo, desintegragdo e
. —> dissolugdo
medicamento
Absorgéo

l Interagdo com
Distribui¢go proteina no sangue

I

1 g

Tecido armazenador

Metabolismo
(Desativagdo-ativagdo)

Fasel
oxidagdo Y Interacdio farmaco-

redugdo receptor no tecido alvo
hidrélise

| Fase II
Conjugagdo do farmaco
com substancias enddgenas

v v

Excregéo

W

Figura 1 - Esquema generalizado da biodisponibilidade dos farmacos
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O metabolismo ocorre em dois tipos de reagdes basicas, referidas como reagoes
fase I e fase II (Figura 1). A fase I inclui reagdes bioquimicas como: oxidagdo, redugédo e
hidrélise, que conduzem a modificagdes nas moléculas dos farmacos. A fase II inclui
reagdes que conjugam os grupos funcionais dos farmacos a moléculas enddgenas. Estas
reagdes sdo catalisadas por enzimas ou sistemas enzimdticos, sendo o figado o principal
local de metabolismo de compostos ativos, em fungdo de seu amplo sistema microssomal.
Outros orgdos e tecidos, como os pulmdes, rins, mucosa intestinal, pele e plasma
sangiiineo, também podem participar desse processo (SILVA, 1994).

O sistema de catélise do metabolismo oxidativo dependente do citocromo P450,
atua sobre uma ampla gama de substéncias endogenas, bem como, substancias quimicas
estranhas, tais como farmacos, poluentes ambientais e carcindgenos. Modificagbes na
atividade desse sistema pode alterar a resposta metabdlica frente a essas substancias
(ANDERSON, 1988; ANDERSON et al., 1982).

A Figura 2 representa um esquema similar com relagdo a biodistribui¢do de
nutrientes. Ha similaridades na absorcdo, mas as distribuigdes metabdlicas do farmaco e
do nutriente sdo diferentes. Os nutrientes entram no processo metabdlico normal da célula
também na forma de substrato para reagdes bioenergéticas, produzindo energia para
contrabalancar a entropia ou na forma de cofator para as reagdes anabodlicas e catabolicas.
Os farmacos, por sua vez, geralmente participam de reagdes que resultam na modificag¢do

quimica, na atividade farmacolégica e na sua excregao (HAYES & BORZELLECA, 1985).
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%

Porgdo do
Alimento - Ingestdo | Digestdo Absorgio Distribuigio
v
Metabolismo
Produgdo de energia < > Tecido
Anabélico armazenador
Catabélico
Co-fator
etc
Metabdlitos
Y
Excrecéo
e e Fahtee T ey e =

Figura 2 - Etapas do processo de utilizagdo de nutrientes (Fonte-HAYES &
BORZELLECA, 1985).

Fase Farmacodinimica

Esta fase envolve as a¢des do farmaco sobre o organismo. A grande maioria dos
farmacos, ou seus metabolitos ativos, se ligam ao sitio receptor no local de acdo, € o
resultado dessa ligagdo produz o efeito terapéutico, cuja resposta & varidvel e depende de
varios fatores individuais, além dos fatores farmacocinéticos (SILVA, 1994).

O conceito de biodisponibilidade, no sentido restrito, é o termo empregado para
descrever a fragcdo da dose administrada de um produto farmacéutico que é capaz de
alcancar a circulagdo sistémica e exercer aclo terapéutica. Este pardmetro expressa a
extensdo e a velocidade das fases biofarmacéutica e farmacocinética da substincia ativa

(REYNOLDS, 1993).

INTERACAO FARMACO-NUTRIENTE
As interagGes entre nutrientes e fArmacos podem alterar a disponibilidade, a acdo
ou a toxicidade do farmaco e/ou do nutriente. Estas interagdes podem ser fisico-quimicas,

fisiolégicas e patofisiolégicas ( ROE, 1993; 1985). Interagdes fisico-quimicas sio
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caracterizadas por formagdo de um complexo entre componentes alimentares e os
farmacos. As interagGes fisiolégicas incluem as modificagdes induzidas por medicamentos
no apetite, digestdo, esvaziamento géstrico e biotransformagdo e clearance renal. As
interagbes patofisioldgicas ocorrem quando os firmacos prejudicam a absor¢do e/ou
inibicdo do processo metabdlico de nutrientes (THOMAS, 1995; TOOTHAKER &
WELLING, 1980).

A ingestdo de alimentos com medicamentos pode ter efeito marcante sobre a
velocidade e extensdo na sua absor¢do. A administracdo de medicamentos com as
refei¢des, segundo aqueles que a recomendam, se faz por trés razoes fundamentais:
possibilidade no aumento da sua absor¢do; reducdo do efeito irritante de alguns farmacos
sobre a mucosa gastrintestinal; e como auxiliar no cumprimento da terapia, associando a
ingestdo do medicamento com uma atividade relativamente fixa, que corresponde aos
horarios das principais refeicoes (GAI, 1992; KIRK, 1995).

Entretanto, estas razdes sdo insuficientes para justificar este procedimento, de
forma generalizada, uma vez que a ingestio de alimentos poderd afetar a
biodisponibilidade do firmaco através de interagdes fisico-quimicas ou quimicas (GAI,
1992; ROE, 1994; THOMAS, 1995). Afetando a biodisponibilidade, ocorre modificacdo
na sua farmacocinética e, conseqiientemente, alteragdo da farmacodinimica (THOMAS,
1995), podendo comprometer a acdo terapéutica. Assim, € de fundamental importancia ter
0 conhecimento das substdncias ativas que tém sua velocidade de absor¢io e /ou
quantidade absorvida, bem como daquelas que ndo sdo afetados pela presenca de nutrientes
(TOOTHAKER & WELLING, 1980). Esses mecanismos tém sido aprofundados em
estudos com humanos, no sentido de demonstrar mais precisamente os efeitos dos
nutrientes sobre a biodisponibilidade dos farmacos (LAVELLE et al., 1996; RADULOVIC
at al., 1995).

Analgésicos e anti-inflamatorios, por exemplo, sdo com freqiiéncia administrados
com alimentos. O objetivo € diminuir as irritagdes da mucosa gdstrica provocadas,
principalmente, pela administragdo desses medicamentos por tempo prolongado. A

maioria dos estudos realizados demonstra que os nutrientes diminuem a velocidade de
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absorcdo dos farmacos, provavelmente por retardar o esvaziamento gastrico (SOUICH et
al., 1992).

O retardo na absorgdo de certos farmacos quando ingeridos com alimentos nem
sempre indica que sua absor¢do serd reduzida. Mas, provavelmente, podera ser necessario
um periodo maior para alcangar sua concentragdo sangiiinea méxima, interferindo na
laténcia do efeito. Entretanto, substincias que formam complexo com nutrientes estdo
freqlientemente indisponiveis para absor¢do (GAI, 1992).

A natureza das diferentes interagdes pode apresentar os seguintes caminhos
(TRUSWELL, 1975):

o alguns nutrientes podem influenciar no processo de absorgdo de farmacos;

e alguns nutrientes podem alterar o processo de biotransformagdo de algumas substancias;
e alteragdes na excregdo de farmacos por influéncia de nutrientes;

e farmacos podem afetar o estado nutricional;

e 0 estado nutricional pode interferir sobre o metabolismo de certos farmacos diminuindo

ou anulando seu potencial terapéutico ou aumentando seu efeito toxico.

Processo Absortivo

A influéncia dos nutrientes sobre a absorgdo dos farmacos depende: do tipo de
alimento, da formulagio farmacéutica, do intervalo de tempo entre a refeigdo e sua
administra¢io e do volume de liquido com o qual ele ¢ ingerido. (FLEISHER et al,,
1999:WELLING, 1984; 1977; WILLIAMS et al., 1993).

O trato gastrintestinal representa o principal sitio de interagéo farmaco-nutriente,
uma vez que o processo de absor¢do de ambos ocorre por mecanismos semelhantes e
podem ser competitivos. A maioria das interages clinicamente significativas interfere no
processo de absor¢do (TOOTHAKER & WELLING, 1980), considerando-se os estudos
até hoje realizados.

A ingestdo de alimentos é capaz de desencadear no trato digestivo a liberagdo de
secrecdo que, por agdo qualitativa e quantitativa dos sucos digestivos, age hidrolisando e

degradando ligagdes quimicas especificas, atraves da agdo do 4cido cloridrico e enzimas
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especificas (GUYTON, 1992). Portanto, substincias sensiveis a pH baixo podem ser
alteradas ou inativadas pelo 4cido gastrico quando ingeridas com alimentos
(TOOTHAKER & WELLING, 1980) como, por exemplo, a inativagdo da penicilina e da
eritromicina (WELLING, 1984; 1978).

Paralelamente, o nutriente pode influenciar na biodisponibilidade do farmaco
através da modificacdio do pH do conteudo gastrintestinal, esvaziamento gastrico, aumento
do transito intestinal, competicdo por sitios de absorgdo, fluxo sangiiineo esplancnico e
ligagio direta do farmaco com componentes dos alimentos (SOUICH et al, 1992;
WELLING, 1984).

Modificacio do pH do conteido gastrintestinal -Apés a ingestdo de alimentos ou
liquidos o pH de 1,5 do estdmago se eleva para aproximadamente 3,0. Esta modifica¢@o
pode afetar a desintegragdo das cépsulas, drégeas ou comprimidos e conseqiientemente a
absorcdo do principio ativo. O aumento do pH géstrico em fungdo dos alimentos ou
liquidos pode reduzir a dissolugdo de comprimidos de eritromicina ou de tetraciclina
(TROVATO, 1991; WELLING & TSE, 1982). Por outro lado, medicamentos como a
fenitoina ou o dicumarol desintegram-se mais facilmente com a alcalinizagdo do pH
gastrico (WELLING, 1984). O pH também interfere na estabilidade, assim como na
ionizacdo dos farmacos, promovendo uma alteragdo na velocidade e extensdo de absor¢do

(HARRISON et al., 1992).

Velocidade do esvaziamento gastrico - A presenga de alimentos no estomago contribui
para o retardo do esvaziamento gastrico devido aos sinais de retroalimenta¢do duodenal,
incluindo principalmente o reflexo enterogéstrico e retroalimentacdo hormonal. Portanto, a
velocidade do esvaziamento do estomago é limitada pela quantidade de quimo que o
intestino delgado pode processar (GUYTON, 1992).

Refeicdes solidas, 4cidas, gordurosas, quentes, hipertonicas e volumes liquidos
acima de 300 ml tendem a induzir um acentuado retardo do esvaziamento gastrico,
enquanto refei¢des hiperprotéicas tém efeito menos acentuado no retardo do esvaziamento
gastrico (GUYTON, 1992; WELLING, 1984). Assim, a composi¢do da dieta influencia no
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tempo de permanéncia dos farmacos no trato digestivo e, por sua vez, aumenta ou diminui
a absorgdo dos mesmos.

O esvaziamento géstrico lento pode aumentar a absorgfo dos formacos que sdo
absorvidos por mecanismos saturantes, isto ¢, prolongamento do tempo de contato do
principio ativo com a superficie de absorgdo, (WELLING, 1984; GAI, 1992), facilitando a

difusdo através da membrana celular.

Aumento da atividade peristaltica do intestino - A atividade peristdltica do intestino
delgado € provocada, em parte, pela entrada de quimo no duodeno e pelo fluxo
gastroentérico. Esse reflexo aumenta o grau geral de excitabilidade do intestino delgado,
incluindo aumentos de motilidade e secregdo (GUYTON, 1992).

O aumento moderado da motilidade tanto pode favorecer a dissolugdo do
medicamento facilitando o contato das substéncias ativas com a superficie de absorgdo
otimizando assim, a velocidade do processo (TOOTHAKER & WELLING, 1980), quanto
diminuir a sua biodisponibilidade, em fung¢do do aumento da velocidade do transito
intestinal.

Secrec¢Ges de acidos, enzimas e sais biliares aumentam na presen¢a de alimentos.
Os acidos e sais biliares, pelas suas propriedades tensoativas, auxiliam a solubilizacdo e
favorecem a absorcdo de farmacos lipossoluveis (AULUS, 1994; TOOTHAKER &
WELLING, 1980). Os sais biliares também podem formar complexos nido absorviveis
com substancias como a colestiramina (ROE, 1985; TOOTHAKER & WELLING, 1980).
De forma geral, as secre¢des podem aumentar a disponibilidade do farmaco, dependendo
da sua natureza, dcida ou bésica, lipofilicidade ou da formula¢do do mesmo (WELLING,
1984), como por exemplo, griseofulvina que tem sua absor¢do aumentada quando ingerida

com dietas hiperlipidicas (KIRK, 1995).

Competicao pelos sitios de absorcao - A presen¢a de nutrientes pode constituir uma
competicdo pelos sitios de absorgdo, cuja conseqiiéncia dependerd de qual componente
apresenta maior afinidade por esse sitio. A levodopa (L-dopa), usada no tratamento da
doenca de Parkinson, tem a¢do terapéutica inibida por dieta hiperprotéica, entretanto, uma

18



Capitulol

dieta hipoprotéica potencializa e estabiliza esse efeito (DUVOISIN & SAGE, 1996). Esta
alteracio deve-se ao fato dos aminoicidos competirem com a levodopa tanto na absorcdo
intestinal, quanto pela penetracdo no cérebro (WELLING, 1977).

Fluxo sangiiineo esplincnico (FSE) - A circulagdo esplancnica € constituida pelo
suprimento sangiifneo do trato gastrintestinal, bago e do pancreas. A ingestdo de alimentos
aumenta o fluxo sangiiineo esplancnico, e o grau de modificagdo depende do tipo ¢ da
quantidade da refeicdo ingerida. RefeigSes hiperprotéicas e hiperlipidicas elevam o FSE,
que € maior para grandes refeides do que para as pequenas. O aumento do FSE pds-
prandial tem sido implicado na diminui¢do do efeito de primeira passagem levando,
portanto, a0 aumento da disponibilidade sistémica de um niimero de farmacos, incluindo

alguns bloqueadores beta-adrenérgicos (WELLING, 1989).

Ligagdo direta do firmaco com componentes dos alimentos (quelato) - A interacdo
farmaco-nutriente pode ocorrer por formacio de um complexo, resultando na diminuicdo
da disponibilidade do farmaco e do nutriente.

Os fons di e trivalentes (Ca®*, Mg*, Fe** e Fe’*) presentes no leite ou outros
alimentos, sdo capazes de formar quelatos ndo absorviveis com as tetraciclinas,
ocasionando a excregdo fecal dos minerais, bem como do farmaco (WELLING, 1984;
1977).

Os farmacos mais comumente prescritos e suas respectivas interagdes com
nutrientes, bem como as recomendagdes quanto a sua administra¢do, estdo listados na
Tabela 2.
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Tabela 2 - Influéncia dos alimentos/nutrientes no processo de absor¢do e de
biotransformagdo de farmacos.

Farmacos Alimentos/Nutrientes Mecanismos/Efeitos Recomendacdes Referéncias
Antimicrobianos
Rifampicina Refeigio regular. Retardo do esvaziamento Administrar 2 hantes  Zent & Smith,
gastrico, da liberagdo e da ou 3 h apds as refeicbes 1995.
dissolugéo; 4 absorgao.

Eritromicina -base e
estearato

Ampicilina

Ciprofloxacina

Tetraciclina

Griseofulvina

Isoniazida

Cefalosporinas

Cardiovasculares/
diuréticos

Digoxina

Captopril

Refeigdo regular; dieta
hiperlipidica.

Refeicdo regular.

Leite, iogurte,
alimentos ricos em
ferro, Mg, Zn, Ca.

Refeigdo regular.

Dieta hiperlipidica.

Refeicdo regular.

Refei¢do regular.

Refeigdo regular.

Refeigdo regular.

Retardo do esvaziamento
gastrico, da liberagdo e da
dissolugéo; ¥ absorgio.

Retarda esvaziamento
géstrico; ¥ absorgéo.

| absorgdo por complexagdo
com cations divalentes.

Retarda esvaziamento
gastrico, a liberagdo e a
dissoluc¢do; barreira fisica;
{ absorgdo.

1 excrecdio de sais biliares; 1
solubilidade; Tabsorgao.

Retarda esvaziamento
géstrico; T pH gastrico; 4 a
solubilidade e absor¢éo.

Altera a motilidade e tempo
de transito no trato GL,
reduzindo e retardando o
nivel sérico do antibiotico.

Alteragdo do tempo de
transito gastrintestinal e
motilidade; ¥ velocidade de
absor¢ao.

{ absorgdo; ¥ efeito
terapéutico.

20

Administrar 2 h antes
ou 3 hapods as
refeicdes on usar
preparagdes que ndo
sdo afetadas pelos
alimentos.

Administrar 1h antes

ou 2 h apos as refeigdes.

Administrar 2 h antes
ou 3 h apos as
refeigdes.

Administrar 2 h antes
ou 3 h ap6s as
refeigOes.

Administrar com as
refeigoes.

Administrar com
estdbmago vazio, se
tolerado.

Administrar 2 h antes
ou 3 h apos as
refeigdes.

Administrar 2 h antes
ou 3 h apos as
refeicoes ¥ os efeitos
colaterais (nauseas,
vOmitos).

Administrar 2hou3 h
ap0s as refeigdes.

Welling, 1984,
Randimitsis et al.,
1989.

Kirk, 1995.
Welling, 1984,

Neuvonen et al.,
1991.

Roe, 1984.

Kirk, 1995.
Thomas, 1995.

Selfetal., 1999.

McCraken et al.,
1978.

Welling, 1977.
Johnson et al
1978.

Ohman et al.,
1985.

continua
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Cont. Tabela 2

Farmacos Alimentos/Nutrientes Mecanismos/Efeitos Recomendagdes Referéncias

Nifedipina Dieta hiperlipidica. T avelocidade e a extensdo  Administrar fora das Qato &
da absor¢do; T incidéncia de refeigdes | incidéncia Mohamed, 1998.
efeitos colaterais (dor de dos efeitos colaterais.
cabega, tonteira, etc.).

Propranolol Dieta hiperprotéica. \ fase I da biotransformagdo Administrar2hou3h Liedholm etal.,
hepética; T fluxo sangiiineo  apos as refei¢des. 1990.
esplancnico; T absorgio.

Hidralazina Refei¢do regular. 1 1° passo do metabolismo, ~ Administrar 2h ou 3h  Melander et al.,
bloqueio da apos as refeigdes. 1977;1985.
biotransformagdo enzimatica
no trato Gl, Tabsorgdo.

Anticoagulantes

Warfarina Alimentos ricos em Vitamina K pode antagonizar Consumo moderado de Karlson et al.,

vitamina k (espinafre, o efeito da warfarina. alimentos ticos em 1986.
brocolis, couve, vitamina K.
repolho, peixe).
Broncodilatadores
Teofilina Dietas hiperprotéicas e T atividade do citocromo Dieta equilibrada. Anderson, 1979.
hipoglicidicas. P450; ¥ meia vida
plasmatica do medicamento;
| tempo de efeito.
Teofilina Cafg, cha, outras Aumento dos efeitos Ingestdo moderada de  Sato et al., 1993.
bebidas contendo colaterais (insénia, estado cafeina.
cafeina. nervoso); eliminagao
prejudicada.

Antiparkinsonianos

Levodopa Dieta hiperprotéica. Competigdo entre o farmaco ~ Monitorar a resposta ~ Kempster &

e aminoacidos pela absorgdo clinica e evitar dietas Wahlgvist, 1994.
através da mucosa intestinal  hiperprotéicas se
e do cérebro. Oportuno.

Antipiréticos,

analgésicos e anti-

inflamatérios.

Ac. acetilsalicilico  Refeicdo regular; leite; Modifica pH gastrico; ¥ Administrar com Harrison et al.,

vegetais. solubilidade; ¥ a velocidade ~alimentos para ¥ 1992.
¢ extensdo da absor¢o. irritacdo géstrica.

Ibuprofeno Refeicdo regular. Retarda absorg¢do. Administrar com Halsas et al.,
alimentos para 4 1999.
irritagdo géstrica.

Paracetamol Dietas hiperlipidicas. 4 a liberagdo e dissolugdo; ~ Administrar 2 h antes ~ Wessel et al.,
I a velocidade e extensdoda ou 3 hapds as 1992.
absorgﬁo_ refeigi‘)es.

continua
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Cont. Tabela 2

Farmacos Alimentos/Nutrientes Mecanismos/Efeitos Recomendacdes Referéncias
Antidepressivos
Inibidores da Alimentos ticos em Inibicio da MAO - T niveis Evitar alimentos ricos ~ Sweet et al.,
monoamino oxidase - tiraminas ( iogurtes, das catecolaminas liberadas ¢ em tiraminas. 1995.
MAO vinho tinto, cerveja, também T quantidade de
Tranilcipromina queijos fermentados, tiramina absorvida.
figado de galinha,
peixes e carnes
defumados).
Anticonvulsivantes
Fenitoina Refeigdo regular e Retardo do esvaziamento Administrar com as Hamaguchi et al.,
dieta hiperlipidica. gastrico; T producdo de bile  refeigGes ou com leite  1993.
favorecendo a dissolugdo e para prevenir irritagao
Tabsorgﬁo‘ gastrinxestinal,
Imunossupressores
Metotrexato (MTX)  Desjejum 1 a velocidade e extensdo da Administrar de Dupuis et al.,
absorgao. estdmago vazio. 1995,
4 diminui T aumenta

INTERFERENCIA DO ESTADO NUTRICIONAL NA BIODISPONIBILIDADE DOS
FARMACOS

As deficiéncias nutricionais resultam de quantidades de nutrientes essenciais
oferecidos inadequadamente, 0 que acarreta precariedade do estado nutricional. Este, por
sua vez, pode afetar a acdo do farmaco por alterar a absor¢do, a distribuigdo, a
biotransformac¢do e a excregao, influenciando, portanto, na resposta terapéutica
(HOYUMPA & SCHENKER, 1982; KRISHNASWAMY et al., 1981). Provavelmente, o
fator mais importante do regime alimentar no metabolismo de compostos ativos, € a
quantidade de proteina na dieta. Um regime alimentar com elevado teor de proteina e
baixo teor de carboidrato, aumenta a velocidade do metabolismo do farmaco, enquanto
dieta com baixo teor de proteina e alto teor de carboidrato favorece o efeito oposto (ROE,
1984; 1978).

A proteina e outros nutrientes podem influenciar a atividade enzimatica do
citocromo P450 microssomal hepéatico no homem. Desta forma, a meia-vida plasmatica de
véarios farmacos pode ser alterada em fungéo dos nutrientes oferecidos na dieta,
aumentando ou reduzindo a atuagdo desse importante sistema enzimatico (ANDERSON,
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1982: AULUS, 1994; ROE, 1984). Micronutrientes (zinco, magnésio, acido ascorbico e
riboflavina) apresentam papel de grande relevancia na metabolizag@o hepatica de farmacos
(HOYUMPA & SCHENKER, 1982; INSOGNA, et al., 1980), como por exemplo, 0 zinco
que ¢ essencial para enzimas especificas associadas as fases I e II no processo de

biotransformagao.

INTERFERENCIA DO FARMACO NO ESTADO NUTRICIONAL

Os farmacos podem alterar o metabolismo de nutrientes. O efeito dessas interagdes
normalmente resulta na alteracio do estado nutricional (TROVATO et al., 1991), sendo
imprescindivel o controle do uso de substdncias produtoras de efeitos prejudiciais a
nutrigdo, por exemplo, o metotrexato € a ciclosporina danificam a mucosa intestinal
diminuindo a absor¢do de célcio (ROE, 1984).

No tratamento de doencas cronicas, o uso prolongado de medicamentos, pode
provocar a perda de nutrientes. Nestes casos, a suplementagdo dietética é necesséria para
restabelecer as condi¢des nutricionais normais do paciente.

A alteracdo induzida pelas substincias ativas na absor¢éo de nutrientes pode ser
primaria ou secundaria. A ma absorgao priméria induzida por medicamentos ¢ devida a
efeitos diretos dos agentes farmacolégicos sobre a mucosa ou sobre o processo
intraluminal, e, estdo apresentadas na Tabela 3. A ma absor¢do secundaria ¢ devida ao
pobre estado fisiolégico, ou ainda, quando o farmaco interfere com o metabolismo de um
nutriente, que por sua deficiéncia podera ocasionar a ma absor¢do de outros (ROE, 1984,
TROVATO et al,, 1991).

Substincias como anticidos, laxativos, e antibiéticos (Tabela 3) podem causar ma
absorcio de nutrientes. O uso prolongado de laxativos estimulantes como bisacodil induz
a0 aumento da velocidade do transito intestinal e consequientemente reduz a absorgdo de
glicose, proteina, sédio, potassio e algumas vitaminas, enquanto que O USO €XCesSivo
daqueles que contém fenolftaleina diminui a absor¢do de vitaminas C ¢ D (ROE, 1984;
1978). Grandes doses de 6leo mineral interferem na absor¢do de vitaminas lipossoluveis
(A, D, E, K), betacaroteno, célcio e fosfatos, devido 2 barreira fisica e/ou diminui¢do do
tempo de transito intestinal (CLARK et al., 1987; TROVATO et al., 1991). O metabolismo
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da vitamina D, calcio e fosfatos esta inter-relacionado, ou seja, a deficiéncia de uma dessas
substincias pode provocar anormalidades metabélicas, caracterizando md absorgdo
secundéria (YAMREUDEEWONG et al., 1995). O uso excessivo de 6leo mineral pode
provocar raquitismo em criangas e osteomalacia em adultos, por deficiéncia de cdlcio
(INSOGNA et al., 1980; ROE, 1978).

Aumento na excrecdo de minerais ocorre com o uso prolongado ou altas doses de
diuréticos. A furosemida, diurético de alca, acarreta perda de potassio, magnesio, zinco €
célcio (ROE, 1984).

Tabela 3 - Problemas de absorg3o intestinal priméria causados por influéncia de farmacos.

Firmacos Perda de nutrientes Mecanismos/efeitos Referéncias
Antiacidos
Hidr6xido de aluminio Lipideos, folacina, K, Ca, P. T pH, modificagdo na Roe, 1985.
Carbonato de cdlcio solubilidade; formagao de
Bicarbonato de s6dio complexos; ¥ absorgao.

Trisilicato de magnésio

Laxativos
Oleo mineral Caroteno, vitaminas A, D, Barreira fisica para absorgdo; Clark et al., 1987.
K, lipideos. solubilizagdo de nutrientes; T
transito intestinal.
Fenolftaleina Vitaminas A, E, K, D. 1 transito intestinal; Roe, 1978.
Lipideos e célcio. { tempo de permanéncia;
{ vilosidades intestinais;
{4 absorgio.
Bisacodil Lipideos, Na, K, Ca. Estimulacédo direta da Kirk, 1995.
motilidade intestinal; ¥ tempo
de permanéncia; ¥ absorgéo
no colon.
Antibioticos
Neomicina Lipideos, Na, K, Ca, Fe, Danifica a mucosa; Melander et al, 1976.
Isoniazida Vitamina B2, By, 4 vilosidades intestinais; Pellock et al, 1985.
precipita sais biliares; provoca
esteatortéia; | atividade da
lipase pancreatica.
Tetraciclinas Célcio e ferro. 1 absorgdo por ligagdes com  Roe, 1984.
ions calcio ou sais de ferro Neuvonen &
(formagédo de quelatos). Turakka, 1974.
Agente
Hipocolesterolémico
Colestiramina , Colestipol ~ Lipideos, Fe, vitaminas A, Perda de apetite; ligagdo com Roe, 1985.
Clofibrato K, D, B2 4cidos biliares e nutrientes; ¥
absor¢io.
4 diminui T aumenta
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O PACIENTE IDOSO

A ingestdo de nutrientes como proteinas, lipideos, minerais e vitaminas em
quantidade e qualidade adequadas é importante para a manutengdo do estado nutricional.
No idoso, o requerimento nutricional ¢ diferenciado devido, principalmente, 2 diminuicéo
do metabolismo basal, aliado na maioria das vezes ao sedentarismo.

Modificagdes fisioldgicas, como as descritas na Tabela 4, podem afetar o estado
nutricional do idoso, ndo sendo estas adequadamente avaliadas (VARMA, 1994).
Portanto, atengdo maior deve ser dada no que diz respeito as necessidades nutricionais
para a preserva¢ao da integridade estrutural e funcional do organismo.

O estado nutricional do idoso pode ser avaliado pelo regime alimentar, medidas
antropométricas, exames bioquimicos, avaliagdo clinica, fatores socio-econémicos e
ambientais, por exemplo; instabilidade emocional, proximidade da familia e amigos e o
abuso de élcool ou de medicamentos, (MUNRO et al., 1987).

Os problemas nutricionais ¢ reagdes medicamentosas, no idoso, advém das

alteragOes proprias do processo de senescéncia e fatores conforme descritos na Tabela 5
(ROE, 1985).

Tabela 4 - ModificagGes fisioldgicas que afetam o estado nutricional do idoso

Musculo magro € substituido por gordura (mesmo sem ganho de peso);

Ocorrem modifica¢des na atividade enzimética e nos componentes das secregdes gastricas;
Atividade da amilase salivar freqiientemente diminuida;

Enzimas de atividade proteolitica podem estar diminuidas;

Atividades das amilase e lipase pancreaticas podem estar diminuidas;

Hipocloridria e acloridria sdo freqiientes;

Tolerancia a glicose tende a diminuir;

Fluxo sangiiineo renal e velocidade de filtragdo glomerular estdo reduzidas mesmo na

auséncia de doenca renal.
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Tabela 5 - Fatores que acarretam problemas nutricionais no idoso.

Cronicidade e multiplicidade das doencas, as quais aumentam as chances da ingestdo de
vérios medicamentos por um longo periodo tempo;

Aplicagdo errdnea de medicamento devido a: (a) falta de informagdes, (b) confusdo mental,
(c) diminui¢do do sensério, (d) decisdo pessoal, e (f) problemas econdémicos;

Retardo no metabolismo e elimina¢do de farmacos;

Uso de medicamentos de venda livre;

Tomar medicagdo indicada por terceiros;

Ingestdo de dlcool com 0 medicamento;

Incompatibilidade alimento-medicamento;

Interagdo nutriente-fArmaco.

A probabilidade da prescrigdo medicamentosa, para o idoso, ¢ maior quando
comparada com outras faixas etdrias, face ao tratamento de doengas cronicas € ou
tratamento de doencas agudas intercorrentes (LEE et al, 1991; SCHUMANN, 1999;
VARMA, 1994). O idoso pode ingerir de 3 a 10 medicamentos/dia , 0 que eleva o risco
de inducio da deficiéncia nutricional (VARMA, 1994).

Comumente o idoso tem como pratica a automedicag:ﬁo, para alivio dos sintomas
relacionados a doenga ou outro problema qualquer de saude que possam estar vinculados
ou ndo com a idade. Os medicamentos de venda livre que o idoso ingere com freqiiéncia
s30 os laxativos, os anti-histaminicos, as vitaminas, os minerais, 0s analgésicos ¢ 0s
antidcidos e, quando ingeridos de forma abusiva, causam sintomas que adversamente
afetam o apetite e o estado nutricional (ROE, 1994; SCHUMANN, 1999).

Na Espanha, dados do Encontro Nacional de Satde, revelaram que 23% da
populagdo adulta e 21% da populagdo infantil fazem uso da automedicagdo (ESPARZA,
1997); TERESI et al., (1994) prevéem que no ano 2010, metade do total dos medicamentos
que a populagio dos Estados Unidos consumird ndo serd prescrita diretamente pelo

médico.
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Os medicamentos que o idoso utiliza podem ser mais ou menos absorvidos em
funcdo das condigdes de consumo, ou seja, associados ou ndo as refei¢oes, bem como do
seu estado nutricional (CHEN et al., 1985; ROE, 1984). Por outro lado, as deficiéncias
nutricionais podem ocorrer por indugdo medicamentosa, sendo as mais freqiientes as
deplegbes de vitaminas e de minerais (FLODIM, 1990; MURRAY & HEALY, 1991).

Medicamentos podem causar um estado nutricional insatisfatério em pacientes
idosos por diferentes mecanismos. Em contrapartida, o estado nutricional inadequado
pode alterar a a¢do do farmaco. A digoxina, importante agente terapéutico no tratamento
da insuficiéncia cardiaca congestiva, possui propriedade anorexigena além de causar
nauseas ¢ vomitos. O uso concomitante com diurético facilita a perda n3o somente de
sddio, mas também de potassio, magnésio e calcio. Em mulheres na menopausa a perda de
calcio aumenta o risco de osteoporose (ROE, 1993). A Figura 3 ilustra fatores que levam a
desnutricdo e as alteracdes decorrentes da desnutri¢do, acarretando modificagdes na agao,
efeito e utiliza¢do do medicamento (AULUS, 1988).

A idade exerce uma grande influéncia no processo farmacocinético do farmaco e,

portanto, o idoso representa uma populagdo de grande risco quanto a intera¢do farmaco-

nutriente.
Medicamentos Absorgdo
Necessidade efeitos alterada
Atividade direto e indireto o
i ipo
Fiabito l albuminemia
Dieta Sistema
Desnutrigdo :
Bocngss inadequada [ gdo | citocromo P 450
diminuido
icd pH urinario
Condigdes
sdcio e econOmicas alterado
Fungdo imune
diminuida

Figura 3- Fatores que induzem a desnutri¢do no idoso e alteragdes decorrentes
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COMENTARIOS FINAIS

Ao final da década de 90 verifica-se uma vasta literatura que demonstra como os
constituintes dos alimentos podem influenciar na biodisponibilidade de farmacos e vice-
versa. Entretanto, depara-se com a falta de informagdes de ordem pratica, em programas
hospitalares, que em muito ajudariam a equipe de saude e, principalmente, aos ususrios de
medicamentos de uso continuo, portadores de doencas cronicas degenerativas, idosos e
aqueles com estado nutricional insatisfatério.

Muitos dos efeitos adversos observados ao longo da vida de um individuo ndo sio
documentados, ou entdo, sdo simplesmente entendidos como sendo efeitos adversos do
medicamento, ndo se considerando o processo de intera¢do farmaco-nutriente.

No Brasil, ndo existe um programa de educagéo e acompanhamento do paciente em
hospitais, universitarios e nio universitarios, no que diz respeito a essa interagio.

Nos paises de Primeiro Mundo, a exemplo dos Estados Unidos, sdo poucos os
hospitais que possuem programa de educagio e acompanhamento, cujo objetivo é
determinar a extensdo dessas interagdes que ocorrem no dia a dia. Programas de
monitorizagdo ajudariam a detectar e prevenir problemas potencialmente sérios de
interacdo farmaco-nutriente.

Em sintese, AULUS (1994) comenta com muita propriedade que “O conhecimento
prévio das caracteristicas do paciente (necessidades, idade, fun¢des fisiologicas, estado
nutricional, habitos de alimentacdo), da doenca (cromica, aguda ou ambas) e do
medicamento (eficacia, margem de seguranga, posologia, modo e tempo de utilizacio)
constituem conduta €ética que, com certeza, cerceia os riscos advindos das interagdes entre

fArmacos e alimentos™.
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Effect of Konjac Flour (4morphophallus konjac) on
Glucose Tolerance and Blood Lipids Profile in Diabetic Rats.

ABSTRACT

An increased intake of dietary fiber appears to be useful for the treatment of both diabetes
mellitus and coronary heart disease . However, of the studies have been conducted in non-
diabetic animals, and only a few of them with konjac flour. Therefore, in this study we
evaluated the effect of konjac flour on the glucose absorption and on plasma cholesterol-
lipoproteins (LDL-cholesterol and HDL-cholesterol) profile, as well as on serum glucose
level, food intake and body weight gain, in diabetic rats. The assay was carried out in adult
male Wistar rats, and the diabetes was induced with aloxan monohydrate (40 mg/kg body
weight). For the glucose tolerance test (GTT), the animals (n=6) received 2.0 mL glucose
solution (1.5 g/kg body weight) by oral (intragastric) tube, with and without konjac flour
addition (0.1 g/ kg body weight). Glycemia was determined in the fasting state and after 30,
60, 90 and 120 min., administration of the solutions. At 30 min. the glycemia of the non-
diabetic and diabetic animals that received 0.1g Konjac flour’kg body weight was
significantly lower (p < 0,05). For the blood lipid profile study, diabetic animals received, a
standard diet (DC, n=8) for fifteen days, or another one containing 5 % konjac flour (DK,
n=13). No difference between the two groups was found on triacylglycerols, total
cholesterol and LDL-cholesterol. HDL-cholesterol of the DK animals was significantly
lower (p < 0.05) than control group. Body weight loss of the DK animals was significantly
lower (p < 0.05) than the control group. Even though the deleterious effect verified on the
HDL-cholesterol which demand further studies, the overall results obtained suggest that

konjac flour could be beneficial as a diabetic therapeutic coadjuvant treatment.

KEY WORDS: Konjac flour, dietary fiber, diabetes, glycemia, cholesterolemia

36



Capitulo 2

INTRODUCTION

The presence of dietary fiber in the diet is of special importance due to the close
relation between its low ingestion and the increase of physiological inconveniences such as
constipation, colon cancer, diabetes and atherosclerosis, mainly within the urban
populations of industrialized countries. (BURKITT, 1973; PASSARETTI, et al., 1991;
EASTWOOD & MORRIS, 1992; VOURINEN-MARKKOLA et al., 1992, VUKSAN et
al., 1999). The association among dietary fiber ingestion and diabetes, blood lipids and
premature atherosclerosis has been recognized (JOHNSON & SOUTHGATE, 1994). In the
upper gastrointestinal tract dietary fiber prolongs gastric emptying time and retards the
absorption of nutrients. Both of these processes are dependent on the physical form of the
fiber, and particularly on its capacity to form viscous solutions (EASTWOOD & MORRIS
1992).

Konjac mannan, normally referred to as konjac flour, is a white color powder
obtained from the tuber of Amorphophallus konjac (c. koch). 1t is mainly constituted by a
water-soluble glucomannan, and has been of considerable interest because the association
of its physical properties with biological activity; e.g., it is a highly water-absorbent water-
soluble substance, the solution of which exhibits high viscosity (NISHINARI et al., 1992),
and high retention capacity of organic molecules and metallic cations (HERNANDES, et
al., 1995).

It has been reported that, in rats, feeding-induced hypocholesterolemia and
hypoglycemia was observed by inclusion of konjac flour in the diet (DOI et al., 1982).
Also, clinical and epidemiological studies indicated the benefits of komjac flour in the
prevention and treatment of non transmissible chronic diseases, typical of developed
countries, such as diabetes (DOI, et al., 1982.), hypercholesterolemia (CHENG-YU et al.,
1990; LAFRANCE et al., 1998; VUKSAN et al, 2000) and problems related to the
gastrointestinal functioning (EASTWOOD, 1990). These studies have been conducted
using different levels of konjac flour, dispensing it in the form of powder or making part of
products like cookies or noodle (DOI, et al., 1982; EBIHARA, et al., 1981; CHENG-YU, et
al., 1990; VUKSAN, et al., 1999). In addition, there is a long history of use of konjac in
traditional Japanese and Chinese food (EBIHARA, et al., 1981; CHENG-YU, et al., 1990).
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In the present study, we investigated the effect of konjac flour in the absorption of
glucose, in non diabetic and diabetic rats, using the glucose tolerance test (GTT); and on
the plasma cholesterol-lipoproteins (LDL-cholesterol and HDL-cholesterol) profile, serum

glucose level, food intake and body weight, in diabetic rats.
MATERIALS AND METHODS

Materials
Konjac flour was kindly donated by FCM of Brazil Ind. Com. Ltda - Food

Ingredients Division.

Animals

Male Wistar rats (2 a 3 months old), bred at the State University of Campinas, S&o
Paulo, Brazil, animal breeding center, were allowed 20 days to adapt to housing conditions
during which they were fed a non-purified diet (Purina laboratory diet, Paulinia, SP). For
the induction of diabetes, after a fasting state of 18:00h the animals were anesthetized with
ethyl ether and aloxan monohydrate (40mg/kg body weight) dissolved in saline solution
was injected in the dorsal vein of the penis. The food deprivation was started at 18:00 h. All
experiments involving animals were approved by the Institute of Biology Ethic Committee,

State University of Campinas, Sdo Paulo.

Glucose tolerance assay

The experiment was carried out using rats weighing 259 (+ 27) and 313 (+ 6) grams
for the non-diabetic and diabetic groups, respectively. After a fasting state of 18 h, the
animals were distributed into four groups: non-diabetic control (NDC, n=6); non-diabetic
konjac (NDK, n=6); diabetic control (DC, n=6) and diabetic konjac (DK, n=6). For the
glucose tolerance test (GTT), all groups received 2 mL of glucose solution (1.5 gkg b.w.),
through oral-gastric probe. The NDK and DK groups received, in addition, konjac flour
(0.1 g/kg b.w.). The glycemia was determined by the glucose-oxidase
method in the fasting state and after 30, 60, 90 and 120 minutes from the solutions oral

dispensing.
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Glucose and blood lipids profile assay after subchronic ingestion of konjac

A second experiment was conducted using diabetic rats weighing 344 (+ 27) grams.
After 30 minutes of the diabetic induction, the animals were distributed into two groups:
diabetic control (DC, n=8) that received standard diet (diet composition according the
AIN/93 recommendations, REEVES et al, 1993) and diabetic konjac (DK, n=13) that
received a standard diet containing 5 % konjac flour, instead of starch. The animals had
free access to water and food throughout the study. They were housed individually and
rooms were maintained at 21+ 2 °C on a 12 h light-dark cycles (light from 6:00 to 18:00 h).

At the end of the experimental period (18 days) and after 18 h of food deprivation,
blood samples were collected from the abdominal cava vein, allowed to clot and the plasma
stored at 20 °C for the subsequent measurements of total cholesterol (TC),
triacylglycerols (TG), plasma cholesterol-lipoproteins (LDL-cholesterol and HDL-
cholesterol). The animals were then fed and, after 1 to 1:5 h, blood samples collected again
for the determination of the serum glucose level. Rat body weights (g) and food intakes
(g/day) were verified every 3 days. The lipoproteins, TC, TG were determined by
enzymatic method (Boehringer Mannhein Art. n° 1497448 and 543004). Serum glucose
was determined by the glucose oxidase method (Merck System).

Data Analysis
Data analysis were tested by one-way ANOVA and Student’s t-test. P values <
0.05 were considered to indicate significant differences. The GraphPad Prism statistical

software was used for calculations.

RESULTS AND DISCUSSION

Several authors have reported that konjac flour, as well as others soluble and
insoluble dietary fibers, present beneficial effects on plasma components, both one in
laboratory animals and humans (DOI et al., 1982; WU & PENG 1997; JENKINS et al.,
1999: TSAI & TSAI, 1999; LEVRAT-VERNY et al, 2000). Nevertheless, the data
reported are somewhat conflicting and variable as a function of the animal specie, the
experimental model (diabetic and non diabetic animals), and the amount and period of the

dietary fiber administration.
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Glucose tolerance test-GTT

The results from the glucose tolerance assay obtained indicate that at 30 min, the
glycemia of the non diabetic and diabetic animals that received the Konjac flour at 0.1g /
kg b.w. was significantly lower (p < 0.05) their respective controls (Figure 1). This effect
was probably due to the fact that the konjac flour increases the gastrointestinal viscosity,
difficult the glucose absorption process. Nonetheless, after 60, 90 and 120 min, either in
the non diabetic and diabetics animals, the glycemia level of the animals that received
konjac flour was similar to the respective control, not being noted any meaningtul
differences. These results corroborate those reported by EBIHARA et al. (1981a) which
reported that, in rats administered a 20% glucose solution alone or in combination with
konjac flour, the rises in plasma glucose concentration were significantly depressed at 30
and 60 min after gastric infusion of meal containing konjac fiber. The same profile was also
verified by EBIHARA et al. (1981b) in a human study conducted in healthy volunteers,
and by DOI et al. (1982) in diabetic individuals that received konjac flour.
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Figure 1 - Glucose tolerance in non diabetic (DNC and DNK) and diabetic rats (DC e DK).

K: groups that received konjac flour (0,1g/kg b.w.) and C: control group.
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In general, the beneficial effects of water-soluble dietary fibers on glucose tolerance
or glucose absorption-rate are assumed to be related to delayed gastric emptying and

delayed intralumial glucose-diffusion (JENKINS, et al., 1976 & JENKINS, et al., 1978).

Plasma lipoprotein, TC and TG

In the sub chronic study conducted to evaluate the effect of konjac flour on blood
lipid profile, the results showed that on LDL-cholesterol and total cholesterol levels no
difference (p < 0.05) was found among the groups feed with (test group) and without
(control group) konjac flour. Similar result was obtained concerning the triacylglycerols.
On the other hand, the HDL-cholesterol level was lower (p < 0.05) for the test group in
relation to control group (Figure 2). LEVRAT-VERNY et al. (2000) also verified that
feeding rats with konjac flour (1% for 3 wk) do not modify plasma cholesterol or
triacylglycerols levels, and WU & PENG (1997) reported that feeding male Wistar rats
with konjac flour at a level of 5% of lipid-rich diet prevented increases in total fasting

serum cholesterol, but the level of triacylglycerols were unchanged.
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Figure 2 - Effect of konjac flour on plasma lipoprotein, TC and TG concentrations n

diabetic rats. Values are means = SEM, n =8 for control group and n= 13 for konjac group.
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In relation to HDL-cholesterol (protective) and LDL-cholesterol (atherogenic),
several authors have reported beneficial effects when experimental animals (hamsters and
rats) are fed with hydrocolloids such as B-glucans (HECHER et al., 1997; RANHOTRA et
al., 1998), or black and red beans (ROSA et al, 1998; ALVARADO et al, 1999). We
found a lower level of HDL-cholesterol among those animals that received konjac flour on
their diet. Certainly, a reduction on HDL serum level is not desirable since this lipoprotein
is associated to risk reduction of cardiovascular diseases, due to inhibition of LDL
deposition on the arterial wall. Nevertheless, in a human study, MAO-YU et al. (1990)
related that individuals with hyperlipidemia that received 5 g konjac flour per day, during
45 days, the blood levels of triacylglycerols, total cholesterol and LDL-cholesterol
significantly decreased, whereas HDL-cholesterol was significantly elevated. While,
ARVILL & BODIM (1995) related that healthy volunteers that received 3.9 g konjac flour
per day, during 4 weeks, did not presented significant alteration in the concentration of
HDL-cholesterol. According to LEVRAT-VERNY et al. (2000), konjac flour at 1 % of the
diet had only marginal effect on lipid metabolism, but this hydrocolloid might prove
effective at a higher but still moderate dietary concentration.

Effect of konjac sub-chronic feeding on plasma glucose

At the end of the sub-chronic study, and after feeding the animals, blood glucose
level was not different between the test and control groups (Figure 3), which indicate that
feeding the konjac flour do not interfere in the diabetic conditions of the animals and
corroborate the results of the GTT assay which indicate that konjac flour only affects the
glycemia (p < 0.05) after 30 min postprandial (Figure 1). Nonetheless, in a human study
conducted with type II diabetic patients, CHENG YU et al. (1990) reported that the
hypoglycemic effect of konjac flour was more pronounced in the postprandial glycemia
than in the fasting glycemia, and that among these patients, those with more elevated levels
of blood glucose responded in a more satisfactory way to the beneficial effect of this
dietary fiber. VUKSAN et al. (2000) also related no difference on fasting blood glucose
between konjac flour treatment and control and LAFRANCE et al. (1998) and VUKSAN et
al. (1999) reported that konjac flour when added to conventional treatment of diabetic
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patients may ameliorate blood lipid profile and glycemic control, possibly improving the

health of these patients.
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FIGURE 3 - Serum glucose levels at the end of the sub-chronic study (18 days) and 1.0 to

1.5 h after feeding the diabetic rats. Values are means £ SEM, n =38 for control group and

n= 13 for konjac group.

Body weight and food intake

Figure 4 shows that, during the subchronic study, the diabetic rats that received
konjac flour (5%) on their diet (test group) had lower body weight loss (p < 0.05) than the
control group, even though the food intakes for two groups were not different (Figure 5).
Similar results were obtained by AREAS (1994) when feeding diabetic rats with orange
pulp as a source of dietary fiber. But, LEVRAT-VERNY et al. (2000), reported no

difference among control and test groups when konjac was added at 1% in the animal diet.
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FIGURE 4 - Effects of diets on body weight (g) in diabetic rats. Values are means + SD

n = 8 for control group and n= 13 for konjac group.
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FIGURE 5 - Food intake (g/day) in diabetic rats. Values are means + SEM, n =8 for

control group and n= 13 for konjac group.
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CONCLUSIONS

Both, in diabetic and non diabetic rats, konjac flour has the property to delay the
intestinal absorption of postprandial glucose, specifically at 30 min after the oral-gastric
ingestion of a glucose solution with konjac flour at 0.1g / kg b.w. Konjac flour also shows a
moderate reduction in total cholesterol, but the deleterious effect verified on the HDL-
cholesterol demand further studies. Finally, the effect of konjac flour in reducing the

weight loss in the diabetic rats seems to promote a better quality of life to the animals.
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Determination of glibenclamide in human plasma by
high-performance liquid chromatography —

tandem mass spectrometry.

Abstract

A high-performance liquid chromatography/atmospheric pressure chemical
ionization mass spectrometry (HPLC/MS-MS) method for the determination of
glibenclamide in serum is described. Glipizide, an analog of glibenclamide, was
used as internal standard. The analyte was extracted from plasma with diethyl
ether-dichloromethane (70:30 v/v). The chromatographic conditions comprise a Cas
and 0.01 mol.L'acetic acid + acetonitrile (20+80 v/v) as stationary and mobile
phase, respectively. The compounds where measured by multiple reaction
monitoring (MRM). The detector response was linear in the range of 1 to 300
ng/mL, and for a sample of 400 uL. human plasma the limit of determination of the
method was 1 ng/mL. The coefficient of variation of the method for intra (within-run
precision) and inter assay (between-run precision) were less than 10%. The
method was applied in a bioavailability study of a commercial formulation of
glibenclamide in healthy volunteers of both sexes who received a dose of 2.5 mg.
Serum samples were obtained over a period of 24 h. Pharmacokinetic parameters
(Cmax, Tmax, AUCo-24) and t112) are reported.

Keywords: glibenclamide, sulfonylureas, mass spectrometry,

Introduction

Glibenclamide ([N - (4( B - 5 - chloro - 2 - methoxybenzamido - ethyl)
benzenesulfonyl) - N' - (4 - cyclohexyl) - urea, a second-generation sulphonylurea,
is currently one of the most widely employed oral hypoglycemic drugs in the
treatment of non insulin-dependent diabetic patients, being effective at a very low
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dosages. The measurement of glibenclamide plasma concentration is essential to
optimize therapy, for the assessment of the bioequivalence of commercially
available tablets formulations (AL-KHAMIS et al.,, 1994), as well as for
bioavailability studies (SARTOR et al.,, 1982). For pharmacokinetic purposes,
specific, accurate and sensitive analytical methods are required. They have to
allow assaying at the low ng/mL of serum level (UIHLEIN & SISTOVARIS, 1982;
SANTURIO & PORTO, 1996).

Several assay techniques have been described for the determination of
glibenclamide in biological fluids, such as spectrophotometry, fluorescence
spectroscopy, gas chromatography (GC) (HARTVIG et al., 1980; MIDHA et al.,
1976) and high-performance liquid chromatography (HPLC) (ALKHAMIS et al,
1994; SENER et al., 1995). Atmospheric pressure chemical ionization (APCI) has
been used as an interface for liquid chromatography/mass spectrometry (LC/MS)
(SUSANTO & REINAUER, 1996, TILLER et al., 1998; RAMOS et al., 1999 and IFA
et al., 2000).

Due to the high polarity of glibenclamide and its expected low concentration
in serum, it is required to associate derivatization and/or pre-concentration steps to
determine the drug by conventional methods such as HPLC, GC and GC/MS
(SUSANTO & REINAUER, 1996). In this regard, one of the most employed method
for the determination of glibenclamide is based on a derivatization to a fluorescent
amine with T-ChIoro-4-nitr0benzo-2—oxa-1,3-diazole (NBD-chloride), prior to HPLC
with fluorescence detection (ZECCA et al., 1985; ABDELHAMID et al., 1989). The
current feasibility of coupling LC/MS and the use of interface and ionization
techniques, such as laser desorption, thermospray, electrospray and atmospheric-
pressure ionization, expanded the applicability of liquid-chromatographic analysis
(SUSANTO & REINAUER, 1996).

The aim of the present study was to implement and validate an accurate and
sensitive liquid chromatography/tandem mass spectrometry method for the
determination of glibenclamide in human plasma. The method was applied in a
study of bioavailability of a commercial formulation of the drug.
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Experimental

Materials

Chemicals and solvents

HPLC-grade solvents and analytical-grade reagents were purchased from
Mallinckrodt (St. Louis, MO, USA) and Nuclear (Sao Paulo, Brazil). Ultrapure water
was provided by an Elga UHQ ultrafiltration system (United Kingdom).

Reference substances
Glibenclamide and glipizide (internal standard) reference standards (Fig. 1)
were kindly donated by Neo-Quimica Industria Farmacéutica.

OCH;
(a)
- CO-NH-CH, -CH, D SO, -NH-CO —NHO

Cl

N
(b) = \”—CO—NH—CHz -CH, @ SO, -NH-CO —NHO
H.3C \N -~

Figure 1 - Chemical structure of (a) glibenclamide and (b) glipizide.

Standard solutions

The analytical curve was obtained with working solutions of glibenclamide
prepared from a stock solution of 1 mg/mL (methanol:water 50:50 viv). The
working internal standard solution with a final concentration of 1.5 ug/mL was
prepared from a stock solution containing 1 mg/mL glipizide in methanol: 2%
trifluoroacetic acid (TFA) aqueous solution (50:50 v/v). This solution was used to

obtain of the analytical curve and for the determination of glibenclamide in plasma
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Sample Preparation

Tubes containing human plasma (400 plL) were added of 80 pL of the
internal standard working solution. The tubes were briefly vortex-mixed and
allowed to stand at room temperature for 5 min. Diethyl ether-dichloromethane (4
mL, 70/30 v/v) was added and the samples were vortex-mixed for 30 seconds. The
upper organic layer was carefully transferred to siliconized test tubes by using
siliconized pasteur pipettes. The solvent was evaporated under a nitrogen flow. To
the tubes, 160 puL of mobile phase (see chromatographic conditions) were added,
which were vortex-mixed for 10 seconds to reconstitute the residues. The solutions
were transferred to microvials, capped, and placed in an HP 1100 autosampler

rack. Aliquots (40 uL) were automatically injected into the HPLC system.

Apparatus and HPLC conditions

The HPLC analysis were conducted on a Hewlett-Packard HPLC system,
model 1100, equipped with an autosampler. The chromatographic conditions
comprised a reverse phase Cis analytical column (Genesis, 4 um; 150 mm x 4,6
mm) and a Ci18 guard column, (Genesis, 4 um;10 mm x 4 mm) (Jones
Chromatography, Thames Valley, UK). The column was thermostatized at 40 °C
and a column switch was used to divert the column eluant to waste at appropriate
times. Mobile phase consisted of 0.01 mol.L"acetic acid + acetonitrile (20+80 v/v)
and was pumped at 0.4 mL min™". The detection was carried out by tandem mass

spectrometry. The autosampler was maintained at 10° C.

Apparatus and Mass Spectrometry conditions

Mass spectrometry was performed using a Quattro LC triple-quadrupole
mass spectrometer (Manchester, UK), equipped with an atmospheric pressure
ionization (API) electrospray interface (Micromass) operating in the positive-ion
mode using a cross-flow as the counter electrode (Micromass). API| conditions

53



Capitulo 3

were 340 °C and 140 °C for desolvation and source block temperatures,
respectively. Nitrogen was used as nebulizer gas (67 L h™) and desolvation gas
(696 L h™).

The mass spectrometer was operated in the positive ionization mode (ES+)
and set for multiple reaction monitoring (MRM), m/z 494.2 — 368.8 and 446.0 —
347.3 for glibenclamide and glipizide, respectively. The dwelling time and cone
voltage was 0.1 second and 20 volts, respectively.

Quantification

The determination of glibenclamide was conducted by internal standard
method. The quantification was based on the relative peak areas of the selected

multiple reaction ion monitoring of the analyte and internal standard.

Precision and Accuracy

Between-run and within-run precision and accuracy were calculated from

the quality control samples. A quality control sample was analyzed every 10

unknown samples.

Bioavailability study

The method was applied to evaluate, in human volunteers, the bioavailability of a
commercial tablet formulation of glibenclamide (Daonil® - Hoechst Marion Roussel
S/A, Brazil). For this purpose, sixteen healthy volunteers of both sexes were
selected for the study. One of them, a female, abandoned the study after the first
clinical evaluation. All the volunteers were free from cardiac, hepatic, renal,
pulmonary, gastrointestinal, neurological and hematological diseases, as assessed
by medical history, clinical evaluation and ECG, as well as they were negative for
human acquired immunodeficiency virus, hepatitis and hepatitis C.

The study was conducted in an open, randomized protocol. The volunteers
were hospitalized at 10:00 p.m., having had a normal evening meal. After an
overnight fasting period (from 10:00 p.m. to 7:00 a. m.) each volunteer received a
tablet of glibenclamide (2.5mg).
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The volunteers gave written consent to participate in this study and the
clinical protocol was approved by the Ethics Committee for Clinical Investigation of
the University Hospital of the Federal University of Ceara. More details of the
clinical study are published elsewhere (Moura et al, 2001).

Sample Collection

Blood samples (10 mL) were collected into heparinized tubes from a
convenient forearm vein at 0; 0.5; 1; 1.5; 2; 2.5; 3; 4; 6; 8; 10; 12 and 24 h, after
the oral administration of glibenclamide. The blood samples were centrifuged at
2000 x g for 5 min at room temperature and the plasma separated and stored at -
20 °C until assayed for glibenclamide content. All samples from a single volunteer
were analyzed on the same day to avoid interassay variation.

Pharmacokinetics and statistical analysis

The determination limit of the method was calculated as
recommended by MILLER & MILLER (1993), according to the equation
c=k. sy/x /m, where sy/x: estimate of the standard deviation of the analytical curve,
m: angular coefficient of the curve and k = 10 for the limit of determination.
Maximum observed plasma concentration (Cmax) and the time to reach it (Tmax)
were obtained from the glibenclamide plasma concentration vs. time. The area
under the curve (AUCp24) was calculated using the trapezoidal method. The
results are expressed as mean + SEM.

Results and Discussion
Method development

During the last years, the development of simple and accurate assays for
drug determination in blood has greatly increased. Nevertheless, the choice of the
analytical methods to be used depends, among others, on the laboratory facilities
and financial resources. Certainly, the coupling of liquid chromatography with mass

spectrometry as a detector expands the possibility to measure drugs such as a
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glibenclamide. To solve the problem that arise between the relatively large solvent
volumes that comes from the HPLC equipment and the vacuum requirements of
the MS several HPLC/MS interfaces have been developed. In the present study,
atmospheric pressure chemical ionization was used as the HPLC/MS interface. By
using this technique, the resulting spectra provide molecular weight data and the
details that make electron impact spectra useful for identification pourposes.

Figures 2 and 3 show the full scan mass spectra of glibenclamide and
glipizide respectively . The mass spectrometer should be adjusted to monitor
multiple m/z values, present at high intensity and characteristic for the substance
under analysis, according to the adopted the APPCI LC/MS technique.
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Figure 2 - LC/MS spectrum of glibenclamide.
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Figure 3 - LC/MS spectrum internal standard.
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Typical ion monitoring mass chromatograms are shown in Figure 4. The
retention times of glibenclamide and glipizide were 3.5 and 2.9 min, respectively.

(a)

MRM of 2 Channels ES+

100 3-§0;44 494 20 > 368.80
P 484
Area

(b)

MM of 2 Channels ES+
100 287839 446,00 > 347.20
3.(4e3
Area

Figure 4 - Selected ion chromatograms (MRM), showing peak retention times (a)
glibenclamide (MRM of two channels; ES+ 494.2 — 368.8 and (b) glipizide (MRM
of two channels; ES+ 446 — 347.3).

In relation to the accuracy of the method, under the LC/MS condition no
plasma endogenous interfering peaks were detected in the mass chromatogram of
the control sample corresponding to the MRM of both, glibenclamide and internal
standard, which indicate the absence of endogenous interfering compounds in the

retention time of the HPLC peak for glibenclamide and internal standard (Figure 5).

58



Capitulo 3

Also indicate the high specificity of the APCI LC/MS method when operated in the
MRM mode chosen for the determination of glibenclamide. It has been reported
that methods based on HPLC with UV or fluorescence detection may give false
positive results (Magni et al, 2000). The method described in this paper avoids this
problem.

Analyte (a)

blank plasma
8099v777 Sm (Mn, 2x10) MRM of 2 Channels ES+
100 494.20 > 368 80
M,/-—\_/’—‘" 614
Area

Internal Standard (b)

blank plasma

6099v777 Sm (Mn, 2x10) MRM of 2 Channels ES+
3.07 448.00 > 347 .30
1 583

Figure 5 - Selected ion chromatograms (MRM), of the control sample
corresponding to the MRM of (a) glibenclamide (ES+ 494.2 — 368.8) and (b)
glipizide internal standard (ES+ 446 — 347.3).
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Assay performance

The analytical curve of glibenclamide showed linearity throughout the range
of 1 to 300 ng mL". The corresponding linear regression equation was
y = 0.01970x + 0.00218, where y= ratio of the areas of the peaks of
glibenclamide/internal standard and x= concentration of glibenclamide. The linear
regression coefficient was 0.9954 and the limit of determination 1 ng mL™.

The assay precision was determined as the coefficient of variation [CV % =
100(SD/M)], and accuracy as the percentage relative error [RE % = (E-T)(100/T)],
where M is the mean, SD is the standard deviation of M, E is the experimentally
determined concentration and T is the theoretical concentration. In Table 1 it is
presented a summary of accuracy and precision data for the quality control
samples. For all the three spiked glibenclamide levels (3.0, 30.0 and 150.0 ng/mL)
of the quality control samples, the within-run and between-run accuracy were lower
than 6.6 and 1.2, respectively, and within-run and between-run precision were
lower than 11.2 and 10.1, respectively.

Table 1. Between-run and within-run precision, as well as the accuracy coefficient
of variation for spiked plasma at different glibenclamide levels.

QCA (3.0 ng/mL) Mean Std. Deviation CV% RE%
Bach 1 (n=5) 34 0.15 478 3.53
Bach 2 (n=5) 29 0.10 3.53 -1.87
Bach 3 (n=5) 3.1 0.21 6.99 1.93
Between-run (n=15) 3.04 0.17 5.45 1.14
QCB (30.0 ng/mL)

Bach 1 (n=5) 30.4 0.81 2.65 1.39
Bach 2 (n=5) 30.3 0.40 1.33 0.98
Bach 3 (n=5) 29.4 1.57 5.36 -2.09
Between-run (n=15) 30.03 1.08 3.60 0.09
QCC (150 ng/mL)

Bach 1 (n=5) 144.1 11.16 7.75 -3.94
Bach 2 (n=5) 159.8 17.86 11.18 6.56
Bach 3 (n=5) 147.0 13.62 9.26 -1.97
Between-run (n=15) 150.32 15.16 10.09 0.24

M=Mean, SD=Std. Deviation, CV=Coefficient of variation, RE=Relative error
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Plasma concentration profile of glibenclamide

The volunteers observed no adverse effects. The Figure 6 shows the
plasma level profile of glibenclamide after oral administration of 2.5 mg tablet in
fifteen healthy volunteers. The calculated pharmacokinetic parameters were: AUC
o241 3354112, Crmax 102.5 + 26.6, Tmex 2 h (1 - 3) and t12 2.8 (1.6 - 5.4).

These results are in agreement with those reported by other authors.
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Figure 6 - Plasma level profiles for glibenclamide (2.5 mg) in fifteen healthy

volunteers.

Conclusion

The LC/tandem MS method described in this paper for the determination of
glibenclamide in human plasma is a simple and rapid method with an adequate
accuracy, specificity and precision. The analytical method is particularly suitable for
conducting bioavailability /bioequivalence studies of pharmaceutical formulations
containing glibenclamide.
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EFFECT OF KONJAC FLOUR ON THE BIOAVAILABILITY OF
GLIBENCLAMIDE IN HEALTHY VOLUNTEERS

Abstract

A study related to the effect of konjac on the bioavailablity of glibenclamide was conducted
in human healthy volunteers. It was a three-way randomized crossover design comparing
one glibenclamide commercial formulation as follows: stage 1: glibenclamide (2.5 mg);
stage 2: glibenclamide + mashed banana (100 g) and stage 3: glibenclamide + mashed
banana + konjac (5 g). Plasma samples were obtained pre-dose and at frequent intervals for
up to 24 h post-dose. Glibenclamide was determined in plasma by a validated method using
high performance liquid chromatography/tandem mass spectrometry (HPLC/MS-MS). The
pharmacokinetic parameters calculated included: Cmax, AUC g4y, Tmax, t,,4 and Ke. All
these variables were evaluated using both parametric and non-parametric tests. The Cmax
and t,,) values obtained were 102.5 + 26.6; 78.0 + 31.4; 70.6 + 18.3 and 2.8; 3.7; 4.6 h,
for stages 1, 2 and 3, respectively. Results suggest that konjac flour do not affect the
bioavailability of glibenclamide (p < 0.05) further to the influence provoked by the
ingestion of foods (in this study represented by the fruit banana). Also, the plasmatic insulin

and glucose levels of the volunteers were not importantly affected by the konjac fiber.

Key words: glibenclamide, konjac fiber, bioavailability, food-drug interaction

Introduction
Dietary fiber is an important component original from the vegetables cell walls. For

a long time those components of vegetables tissues had little nutritional relevance. The
interest for the dietary fibers started from 1973, when BURKITT (1971/73) and BURKITT
et al. (1972), through experimental and epidemic studies, proposed a narrow relationship
among lack of dietary fibers in the diets with the possible cause of several chronical
diseases.

Soluble dietary fiber has been related as valuable for individuals that suffer of

diabetes mellitus, as well as others degenerative diseases such as constipation, hypertension
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and cardiovascular diseases. On the other hand, it has been reported that dietary fiber
prolongs gastric emptying time and, as a consequence, retards the absorption of nutrients.
Both of these processes are dependent on the physical form of the fiber and, particularly, on
its viscosity (EASTWOOD, 1992; JENKINS, et al., 1978; JOHNSON & SOUTHGATE,
1994).

Clinical and epidemiological studies have demonstrated the effectiveness of dietary
fiber, such as konjac fiber, in reducing the postprandial blood glucose and lipid levels,
reducing body weight and alleviating constipation (BURKITT, 1971 and 1973; DOI, et al.,
1982; JENKINS, et al., 1976; JENKINS, et al., 1977 and 1978; EBIHARA, et al., 1981;
CHENG-YU et al,, 1990; READ, 1990; LAFRANCE et al., 1998; VUKSAN, et al., 1999;
VUKSAN, et al., 2000). In addition, it has been reported that a reduction of insulin or anti-
diabetic drugs doses can be achieved when a fiber-enriched meal is given to the diabetic
patients (JENKINS et al., 1976; LAFRANCE et al., 1998 & VUKSAN, et al., 1999). It has
also been reported that meals, as well as dietary fibers, could alter the bioavailability of oral
anti-diabetic drugs (SARTOR et al., 1980 and 1982; SHIMA et al., 1983). In spite of this,
only one study has been reported relating the effect of konjac fiber on the bioavailability of
glibenclamide.

Konjac fiber, a glucomannan unabsorbable polysaccharide obtained from the tuber
of Amorphophallus konjac (c. koch), member of the family Araceae found in the oriental
Asia, has been a center of considerable interest because the association of its physical
properties with biological activity (DOI, et al., 1982; EASTWOOD & MORRIS, 1992;
NISHINARI, et al., 1992). It has been used from the last centuries at the traditional
Japanese and Chinese cuisine. It contains low protein, lipids and vitamin levels and a high
fiber content (CHENG-YU et al., 1990 & NISHINARI et al., 1992) and its use as a food
additive have recently been approved in Brazil.

Furthermore, glibenclamide, a second-generation sulphonylurea, is currently one of
the most widely employed oral hypoglycemic drugs in the treatment of non insulin-
dependent diabetic patients.

The aim of this study was to assess the effect of konjac fiber on the bioavailability
of glibenclamide, in addition it was also evaluated its effect on plasma glucose and insulin

levels, in healthy volunteers.
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Subjects and Methods

Subjects

Sixteen healthy volunteers of both sexes were selected for the study. One of them, a
female, abandoned the study after the first clinical evaluation. In Table 1 shows the age,
height and the body weight of the volunteers.

All the volunteers were free from cardiac, hepatic, renal, pulmonary,
gastrointestinal, neurological and hematological diseases, as assessed by medical history,
clinical evaluation and ECG. The following laboratory tests were performed in each
volunteer: blood glucose, creatinine, urea, AST, ALT, alkaline phosphatase, gamma-GT,
total bilirrubin, total protein, serum albumin, and total protein, hemoglobin, hematocrit,
total and differential white cell counts, erythrocyte sedimentation rate and routine
urinalysis. All volunteers were negative for human acquired immunodeficiency virus,
hepatitis, hepatitis C, and gave written consent to participate in this study.

At each blood sampling time, systolic and diastolic arterial pressure (measured

noninvasively with a sphygmomanometer) and heart rate were recorded.

Table 1: Age, height and body weight of the volunteers selected for the clinical study

(mean + SD).
Sex n Age Height Body weight
(Years) (cm) (Kg)
Male 8 34.1+3.1 1754154 76.3+4.6
Female 7 263 £5.9 1554+29 62.4+53
Clinical Protocol

The study was conducted in an open, randomized protocol. It was a 3-stage study
design (control group and two test groups), with a two-week interval between doses.
During each stage study, of approximately 36 hours, the volunteers were hospitalized at
10:00 p.m., having had a normal evening meal. After an overnight fasting period (from
10:00 p.m. to 7:00 a. m.) each volunteer received, for the corresponding stage of the study

as follows:
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e Stage I: glibenclamide (2.5mg) (Daonil®)- Hoechst Marion Roussel S/A, Brazil)
alone (control group);

o Stage II: glibenclamide (2.5 mg) and fruit (mashed banana, aproximately 100 g);

e Stage III: glibenclamide (2.5 mg), fruit (mashed banana, aproximately 100 g), and
konjac fiber (5 g).

During the study, blood samples were collected into heparinized tubes from a
convenient forearm vein at 0; 0.5; 1; 1.5; 2; 2.5; 3; 4; 6; 8; 10; 12 and 24 h after following
glibenclamide administration.

In order to prevent undesirable hypoglycemia, after 1.5 h of the beginning of the
clinical assay, the volunteers received a standard breakfast consisted of 200 ml of milk,
white bread (50 g) with butter (5 g) and a fruit (a slice of papaya). The breakfast contained
about 473.0 Cal. The volunteers also received a lunch, afternoon snack, dinner and
breakfast after 5.0 h, 9.0 h, 11.0h and 24.0 h of the beginning of the clinical assay,
respectively.

The clinical protocol was approved by the Ethics Committee for Clinical
Investigation of the University Hospital (State University of Ceara — Ceara).

Materials

Konjac Fiber was kindly donated from FCM of Brazil Ind. Com. Ltd. - Food
Ingredients Division (S&o Paulo).

Glibenclamide (Daonil® 2.5 mg - Hoechst Marion Roussel S/A, Brazil) was
purchased at a local drug store.

Methods

Blood sample preparation
The blood samples were centrifuged at 2000 x g for 5 min at room temperature and

the plasma decanted and stored at - 20 °C until assayed.

68



Capitulo 4

Glibenclamide determination

Total glibenclamide plasma concentrations were determined by a validated method
using high-performance liquid chromatography coupled to a mass spectrometer (LC-MS-
MS). The methodology employed, developed at the Cartesius Analytical Unit, University of

Sdo Paulo, will be described on a separated paper to be submitted for publication.

Glucose determination

Plasma glucose was determined by the glucose oxidase method (Diagnostica -

Merck®, Darmstadt, Germany).

Insulin determination
Serum insulin was determined by radioimmunoassay method (Coat-A-Count®

Insulin- Diagnostic Products Corporation -DPC®, Los Angeles, USA).

Pharmacokinetic study
The maximum observed plasma concentration (Cmax) and the time taken to achieve
this maximum level (Tmax) for Glibenclamide were evaluated. The areas under the
gh‘benclamide concentration-time curves (AUC) were calculated using the linear
trapezoidal method. Tukey test for multiple comparisons among the 3-stage study (control
group and two test experiments) was used for glucose and insulin.
P-values < 0.05 were considered to indicate significant differences.
The following software were used:
1. WinNonLin Professional Network Edition, Version 1.5. Scientific Consulting, Inc,
registred to Clinical Pharmacology ICB-USP.
2. Bioequivalence Program for Two-Period Crossover Studies, Version 3.4, by
Herman P. Wignand
3. Microsoft Excel Version 7.0 - SR2 Microsoft Corporation Redmond, WA - Site
Licence acquired from Microsoft Brazil.
4. GraphPad Prism Version 3.02 - GraphPad Software, Inc - San Diego, CA - Network
Licence acquired from GraphPad Software.
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Results
Glibenclamide

The average concentrations of plasmatic glibenclamide (Cmax), in pre and
postprandial conditions, are presented in the Figure 1 and the average of the kinetic data in
Table 2. For all the 3 study groups, the maximum glibenclamide concentration (Tmax)
occurred at 2 h after ingestion and the t;, was 2.8, 3.7 and 4.6 h for glibenclamide,
glibenclamide + fruit and glibenclamide + fruit + konjac, respectively (Table 2).

When pre and postprandial conditions were compared, it was verified that the
results for glibenclamide and glibenclamide with fruit differs significantly (p < 0.05).
Nevertheless, The addition of konjac to the fruit did not induce further effect.

Insulin

The insulin concentration for the 3 study groups was maximum during the interval
period of 2 to 2:30 h (Figure 2), which was the same period for maximum glibenclamide
plasma concentration (Figure 1). For the 2 test groups (glibenclamide + fruit and
glibenclamide + fruit + konjac) the average plasmatic insulin concentration increased from
the first 0.5 h after glibenclamide administration. Nonetheless, for the control group

(glibenclamide) this effect was observed after 1.5 h.

Glucose

The glucose plasmatic concentration for the 2 test groups (glibenclamide + fruit and
glibenclamide + fruit + konjac) increased from the first 0.5 h after the experiment
beginning. The same effect was noticed for the control group only after one hour. The
lowest minimum glucose plasmatic concentration was achieved at 1.5 h (Figure 3).
Significant differences (p < 0.05) were found among all the three test groups
(glibenclamide vs. glibenclamide + fruit; glibenclamide vs. glibenclamide + fruit + konjac

and glibenclamide + fruit vs. glibenclamide + fruit + konjac).
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FIGURE 1 - Means glibenclamide concentrations in plasma in fifteen volunteers versus

time curves obtained after a single oral dose of the drug (2.5 mg) , together with a fruit and

together with fruit and konjac flour (5 g).

TABLE 1-Plasma glibenclamide concentrations after na oral dose of 2.5 mg

with and without fruit and konjac flour (5g).

glibenclamide

Concentration of Glibenclamide

|
|

| Glibenclamide Glibenclamide+fruit  Glibenclamide+fruit+konjac
=

| AUCall ([ng*hl/ml) | 335 112 274 93 280 96 |

| (0-24h) E

AUC INF ([ng*h}/ml) | 351 118 299 99 301 110 l
[

AUCall / Inf % 95.5 91,5 93.2 '»

(0-24h) !

| Cmax_ng/mL 1025 | 26.6 78.0 31.4 70.6 18.3

! Tmax (hr) range 2 1 3 2 1 3 2 2 3

T2 (h) 2.8 1.6 5.4 3.7 1.4 11.3 46 1.9 14.4

Ke (1/h) 0.278 | 0.127 | 0.426 | 0.234 | 0.062 0.224 | 0048 | 0.362 |

ALC. area under the curve; Ke, elimination rate constant; T\, half-life.
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FIGURE 2 - Means (and SEM) concentrations of plasma insulin in fifteen volunteers given

only glibenclamide (2.5mg), glibenclamide togheter with the fruit, glibenclamide together

with the fruit and konjac flour (5g).
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FIGURE 3 - Means (and SEM) concentrations of plasma blood glucose in fifteen volunteers

given only glibenclamide (2.5g), glibenclamide together with the fruit, glibenclamide

together with the fruit and konjac flour (5g).
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Discussion

The konjac fiber could influence the glucose metabolism and be useful when present
in the diet, in the control of diabetes mellitus non-insulin dependent (DMNID). On the
other hand, data in the literature indicate that ingestion of 8 to 15g of konjac fiber can
induce intestinal discomfort (JENKINS et al., 1978 and WILLIANS et al., 1980). DOI et al.
(1982) reported that an amount of konjac fiber above 5 g induce flatulence, abdominal pain,
as well as other collateral effects. For these reasons, in the present study, 5g of konjac fiber
were adopted as the level offered to the volunteers. Even so, two of the fifteen volunteers
manifested abdominal pain and flatulence, when they received the konjac fiber.

Initially, it was evaluated the possibility to offer the konjac fiber in water, but due to
the high viscosity produced by the fiber in water, this possibility was discarded. Thus,
owing to ease of addition and acceptance, as well as to being part at the volunteer's diet,
washed banana was mixed with the konjac fiber. The banana contains, approximately, 22.8
% of carbohydrates and 0.4 % of dietary fiber, on fresh weight basis (ENDEF-1985).

Glibenclamide (Daom'l®) was chosen, at the present study, because it is the most
commonly employed hypoglycemic drug, representing 40% of the consumption, in relation
to other hypoglycemic drugs commercialized in Brazil. In addition, few data are available
in the literature that relates interaction of glibenclamide with components of the diet and
particularly with konjac fiber.

According to SARTOR et al., 1980, the ingestion of a diet containing low-fat milk
(400 mL), white bread (20g) with butter (5 g) and 150 mL of unsweetened black coffee
(430 Kkcal), offered to healthy volunteers (n=9) concomitantly to glibenclamide (5 mg
daily), did not interfere in the rate of absorption, peak concentration, elimination rate, nor
in the extent of bioavailability of the drug. Nevertheless, SHIMA et al., 1983, observed that
the gastrointestinal absorption of glibenclamide could probably be altered by
glucomannans, as konjac fiber, through the following mechanisms: slow gastric emptying,
thus resulting in slowing the absorption of the drug, and gel forming properties resulting in
slower absorption from the intraluminal gel. Nonetheless, the authors verified that the
administration of konjac (3.9g) to healthy male volunteers (n=9) did not interfere (p <
0.05) in the bioavailability of glibenclamide (2.5mg). In our study, we verified that the
glibenclamide presented a maximum plasmatic concentration (Cmax) of 102.5 ng/mL
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(£ 26.6), and when its was administered concomitantly with fruit (banana), the Cmax was
significantly reduced (p < 0.05) to 78.0 ng/mL (+ 31.4). Also, the addition of konjac to the
fruit did not further significantly influence (p < 0.05) the Cmax value. Both, fruit (banana)
or konjac fiber did not influence the glibenclamide Tmax.

When glibenclamide was taken together with the fruit and fruit + konjac the
volunteers displayed a significant (p < 0.05) increase of plasma insulin earlier than when
glibenclamide was taken alone (Figure 2). This finding corroborates previous reports
(GRILL and CERASI, 1978) that emphasized that the stimulatory effect of glibenclamide
on insulin release increases with increasing blood glucose, in our study produced from the
fruit.

Glibenclamide reduces blood glucose predominantly through the of liberation of
insulin by the B-cells of the pancreas and by increased tissue responsiveness to insulin
(ILENE, 1990 & PANTEN et al., 1996). On the other hand, SARTOR et al., 1982, reported
that glibenclamide (2.5mg), when administered 30 minutes before breakfast or lunch,
reduced significantly (p < 0.05) the glucose concentration, but the same results were not
observed when the drug administration was concomitant to the meals. SHIMA et al., 1983,
reported similar findings. It was reported by CHENG-YU et al. (1990), that ingestion of
konjac food has a hypoglycemic effect on patients with type II diabetes, while on subjects
with glucose intolerance it exerted only an adjusting effect. The authors also reported that
the effect of konjac food on diabetic subjects was more potent for prandial blood ghucose
than for fasting blood glucose, and that konjac food has a more beneficial effect on subjects
with higher levels of blood glucose.

Our results indicate that the glucose plasmatic level at the beginning of the clinical
assay (0.5 h) present an increase when glibenclamide is taken concomitant by with the fruit
or the fruit + konjac, this effect was probably do to the ingestion of the fruit (banana). In
order to avoid hypoglycemia, a standard breakfast was offered to the volunteers after 1.5 h
of the clinical assay beginning. There was not noticed important effect on the plasmatic

glucose levels after 2.0 or 2.5 h induced by konjac fiber (Figure 3).
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Conclusions

The intake of glibenclamide concomitant to banana decreases its absorption (Cmax),
but the addition of konjac to the fruit did not further influence the Cmax value significantly.
Both, the fruit or konjac fiber did not influence the glibenclamide Tmax.

The plasmatic insulin and glucose levels of the volunteers were not importantly
affected by the konjac fiber.
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Conclusoes Gerais

CONCLUSOES GERAIS

1. Ensaio com ratos Wistar machos (diabéticos e nao diabéticos)
Os resultados obtidos indicam que:

1.1. Aos 30 min., a glicemia dos ratos diabéticos e ndo diabéticos que receberam a fibra de
konjac a 0,1g/Kg p.c. foi significativamente inferior (p < 0,05) em relagdo ao grupo
controle;

1.2. Os niveis de triglicérides ¢ LDL-colesterol, foram ligeiramente menores no grupo
tratado com fibra konjac. Entretanto as diferengas ndo foram significativas entre o
grupo teste e 0 grupo controle;

1.3. O nivel de HDL-colesterol foi significativamente menor (p < 0,05) no grupo que
recebeu fibra konjac em relagéo ao grupo controle;

1.4. A perda de peso, ao final do experimento, foi significativamente menor (p < 0,05)
nos animais que receberam fibra konjac em relagao aos animais do grupo controle
(9,4 g e 31,7 g, respectivamente).

2. Ensaio com voluntdrios humanos
Os resultados indicam que:

2.1. A ingestdo concomitante da glibenclamida com fruta (neste estudo representada pela

banana), provocou menor absorgao (Cmax) do referido medicamento, mas a adi¢do
de fibra konjac ndo influenciou significativamente o valor de (Cmax).

22 Tanto a fruta (banana) como a fibra konjac ndo influenciaram o Tmax da
glibenclamida.

2.3. Os niveis de glicose e insulina ndo foram afetados significativamente pela fibra konjac.
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EFEITO DO KONJAC SOBRE A TOLERANCIA
A GLICOSE EM RATOS

AREAS, MA ; GREGORIO, S R.%, MOURA, M. R L°. & REYES, F.G.R."
—FEA/IB UNICAMP, —IN/NUT USU-RJ, *-FF-UFRJ-RJ
FEA/UNICAMP — Campus Universitario CEP 13083-970 — Campinas -SP
Dietas com elevado teor de fibras podem ser benéficas para o tratamento do
diabetes mellitus por reduzirem a glicemia p6s-prandial. Farinha de konjac,
normalmente referida como konjac manana, é um pé de coloragéo clara obtido do
tubérculo da Amorphophallus konjac (c. Koch), membro da familia Araceae.
Caracteriza-se como fibra soltivel com elevada capacidade de formar solugdes
viscosas. Os seus efeitos fisioldgicos tém sido associados a essa caracterfstica
fisico-quimica, visto que as solugdes aquosas com alto grau de viscosidade,
diminuem o contato do quimo geleificado com a mucosa intestinal, assim como a
acao de enzimas, retardando e/ou reduzindo a absorgdo de nutrientes. Deste modo,
a viscosidade proporcionada pela farinha de konjac no trato gastrintestinal podera
influenciar os niveis de glicose sangliinea pos-prandial. O objetivo deste trabalho foi
avaliar o efeito da farinha de konjac na absorgéo de glicose, utilizando-se o teste de
tolerancia a glicose (GTT). O ensaio foi realizado em ratos Wistar machos, adultos,
com 313 + 16,3 gramas de peso corporeo. Apds 18 horas de jejum os animais
receberam 2mL de solugdo de glicose (1,5g/Kg/peso corpéreo) por sonda oro-
gastrica, sem e com a adigdo de farinha de konjac (0,1 e 0,3g/Kg peso corporeo). A
glicemia foi determinada (método glicose-oxidase) no estado de jejum e apoés 30, 60,
90 e 120 min., da administrag&o oral das solugdes. Os resultados mostraram que aos
30 min., a glicemia dos animais que receberam a farinha de konjac a 0,1g/Kg p.c. foi
significativamente inferior (p < 0,05) entre os grupos, embora tenha sido observado
retardo fisiolégico na absorcdo da glicose, nos animais que receberam farinha de
konjac. As diferentes concentragdes de farinha de konjac, quando comparadas entre
si, nao apresentaram diferencas significativas (p < 0,05) na glicemia pés-prandial. Os
resultados obtidos indicam que a farinha de konjac, por retardar a absorgdo de

glicose, pode ser utilizada na reduc¢ao dos niveis glicEmicos pés-prandial.
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EFFECT OF KONJAC FLOUR (dmorphophallus konjac) ON GLUCOSE

TOLERANCE IN NORMAL AND DIABETIC RATS

M. R. L. Moura, S. R. Gregorio, M. A. B. Reis, M. A. Areas and F. G. R. Reyes, Univ. Federal
do Rio de Janeiro - FF, Univ. Gama Filho, Univ. Santa Ursula - D.N. and Univ. Estadual de
Campinas - IB and FEA, BRASIL

Dietary fiber could be beneficial for the treatment of diabetes mellitus due to the
lowering of the postprandial glycemia. Konjac mannan, normally refered as konjac
flour, is a white colour powder obtained from the tuber of Amorphophallus Konjac
(c. koch). Its physiological effects have been associated to its capacity to form
viscous solutions. The aim of this study was to evaluate the effect of Konjac flour
on the glucose absortion, in normal and diabetic rats, using the glucose tolerance
test (GTT). The assay was carried out in adults male Wistar rats. The diabetes was
induced with aloxan monohydrate (40mg/kg body weight). After 18 h fasting
state, the animals received 2.5 - 3.0 ml glucose solution (1.5 g/kg body weight.) by
oral (intragastric) tube, with and without Konjac flour addition (0.1 g/ kg body
weight). Glycemia was determined (glucose - oxidase method) in the fasting state
and after 30, 60, 90 and 120 min., administration of the solutions. At 30 min. the
glycemia of the normal and diabetic animals that received 0.1g Konjac flour / kg
body weight was significantly lower (p < 0,05) in relation to their control. After
60, 90 e 120 min, there was no significant differences (p < 0,05) among the
groups, even though, the glycemia of the animals that received konjac flour was
slightly lower. The results indicated that the konjac flour was able to delay the
postprandial blood glucose peak concentration suggesting its use as diabetic

therapeutical coadjuvant.
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THE EFFECT OF KONJAC FLOUR ON THE BLOOD LIPID
PROFILE IN DIABETIC RATS

S.R. Gregorio, L.L. Cruz, M.R. Moura, M.A. Reis, M.A. Areas and F.G.R. Reyes. Univ.Gama
Filho /Univ. Santa Ursula-DN, UNE E. Guzmén y Vale -Lima-Peru-DB, Univ. Federal do Rio
de Janeiro-FF, Univ. Estadual de Campinas-IB/FEA BRAZIL

The soluble dietary fibers could show beneficial effects on the plasma lipid
profile and glucose leves for the treatment of diabetes. Konjac flour
(Amorphophalus konjac) has recently been introduced in Brazil and
MERCOSUL members countries as a food additive.

The purpose of this work was to study the effect of konjac flour on plasma total
cholesterol (TC), triglycerides (TG), plasma cholesterol-lipoproteins (c-LDL, c-
VLDL and ¢-HDL), serum glucose level, food intake and body weight gain in
male diabetic Wistar rats (343.86 g + 27.27). Diabetes was induced with alloxan
monohydrate (40mg/kg body weight). The animals were fed with semi-purified
diet without (control, n=8) or with (treated, n=13) Konjac flour addition (5%
w/w), during 15 days. TC, TG, lipoproteins and serum glucose were determined
by enzimatic procedures. The food intake and weight gain were recorded at
every three days.

The levels of TC, c-LDL, were slightly lower in the animals treated with Konjac,
although there was not significant difference (p < 0.05) among the treated and
control groups. c-HDL was significantly lower in the treated group (p <0.05). At
the end of the experiment, the mean weight loss was 9.4 g and 31.7 g in the
Konjac and control groups, respectively. This difference was significant (p <
0.05). It should be mentioned that the animals fed with Konjac flour showed a

much better life quality in terms of reduced mortality and weight loss.
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EFEITO DA FARINHA DE KONJAC E DA POLPA DE LARANJA
SOBRE A TOLERANCIA A GLICOSE EM RATOS

'MOURA., Mirian R. Leite; 2AREAS, Miguel Arcanjo;’GREGORIO, Sandra Regina e
*‘REYES, Felix G.R.
'Univ. Federal do Rio de Janeiro - FF; 2Univ. Estadual de Campinas - IB; *Univ. Gama Filho e
Univ. Santa Ursula D.N.; “Univ. Estadual de Campinas - FEA

RESUMO

Objetivo: Avaliar o efeito da farinha de konjac e da polpa de laranja na absorcao de glicose,
em ratos, utilizando-se o teste de tolerancia a glicose (GTT).

Métodos e Resultados: Os ensaios foram realizados em ratos Wistar machos, adultos, que
receberam apés 18 horas de jejum solugdo de glicose (1,5g/Kg peso corpdreo) por sonda Oro-
gastrica sem (controle farinha konjac-CFK) e com adigdo de farinha konjac (FK-0,1g/Kg
peso corpéreo) e sem (controle polpa de laranja-CPL) e com polpa de laranja (PL-0,15g/kg
peso corporeo). A glicemia foi determinada (método glicose-oxidase) no estado de jejum e
apés 30, 60, 90 e 120 min., da administragdo oral das solugdes. Os resultados estao
apresentados a seguir:

Tabela - Efeitos da farinha de konjac e da polpa de laranja na glicemia (mg/dl), em ratos
Wistar

Grupo 0 30 60 90 120
Ck 76,25 139,12 142,00 131,12 108,37
12,12 15,16 20,71 12,71 14,06
K 79,20 118,00 132,80 135,80 127,20
6,45 12,58 6,96 11,62 11,69
CPL 52,75 98,62 94,12 79,37 67,62
15,61 8,79 13,09 21,62 19,33
PL 47,75 87,25 72,37* 67,12 57,50
9,31 8,91 10,50 12,10 11,10

(*) indica diferenca significativa (p<0,05) para os grupos que receberam FC e PL, em relagdo
aos respectivos controles.

Conclusio: Os resultados obtidos indicam que a farinha de konjac ¢ a polpa de laranja por

retardam a absor¢do de glicose, podendo, assim, serem utilizadas na reducgdo dos picos
glicémicos pds-prandiais.
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Effect of Konjac Fiber on the Absorption of Glibenclamide by Healthy Volunteers.

M.R.L. Moura', G. de Nucciz, R. A. Moreno’, E.J _Abib%, F.G.R. Reyes2
IFederal University of Rio de Janeiro; Rio de Janeiro, Brazil; 2Gtate University of Campinas:

Campinas, Brazil; *University of Araras: Araras, Brazil.

Purpose. The aim of this study was to assess the effect of konjac fiber on the bioavailability of
glibenclamide, in healthy volunteers. Methods. Fifteen volunteers (8 males and 7 females)
were selected for the study, which was conducted in an open, randomized protocol. It was a 3-
stage study design, with 2 two-weak interval between stages, as follows: Stage 1:
glibenclamide (2,5 mg); Stage 2: glibenclamide + mashed banana (100 g) and Stage 3:
glibenclamide + mashed banana + konjac (5 g). At each stage, the oral doses were
administered after overnight fasting (10 h). Serum samples were obtained over 24 h. Serum
concentration of glibenclamide was determined by a validated method using high-performance
liquid chromatography coupled to a mass spectrometer (LC-MS-MS). The Ethics Committee
for Clinical Investigation of the University Hospital, State University of Campinas, S30 Paulo,
Brazil approved the clinical protocol. Results. The pharmacokinetic parameters evaluated for
glibenclamide, at each of the 3-stages included (for stages 1; 2 and 3, respectively): Cmax
(102.5; 78.0; 70.6), ti2m (2.8; 3.7; 4.6 h) AUC24 1) (335; 274 ; 280), and Ke (0.278; 0.234;
0.224). Tmax was the same (2 h) for all the 3-stages. Conclusions. Results suggest that konjac
do not importantly affect the bioavailability of glibenclamide further to the influence of food
ingestion (in this study represented by the fruit banana).
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