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RESUMO GERAL

O principal objetivo deste projeto foi avaliar as propriedades fisiolégicas potenciais
de hidrolisados de colageno (HC) e de um isolado protéico de soro de leite bovino
(WPI) em relacao aos efeitos anti-ulcerativo e anti-tumoral em roedores. O projeto
apresenta uma parte tecnoldgica que envolve a producao do WPI e hidrolisados
de colageno (Gelita) com diferentes distribuicdes de massa molecular.

Para obter as fragbes protéicas utilizadas neste estudo, responsaveis por estes
atributos, uma caracterizagdo foi conduzida por fracionamento através de
microfiltragdo utilizando tecnologia de membranas e sistema FPLC por
cromatografia de permeacdo em gel e de fase reversa. Estas tecnologias foram
utilizadas para obtencdo dos hidrolisados de colageno com diferentes massas
moleculares e do isolado protéico de soro de leite (WPI), para possibilitar a
caracterizagao quimica e avaliagbes bioquimica/ fisiolégica em suas atividades
anti-Ulcera e anti-tumoral. Os produtos elaborados a partir desta tecnologia de
fracionamento foram caracterizados de acordo com o grau de hidrélise,
composicao de aminoacidos, massa molecular e nimero de peptidios, utilizando
metodologias estabelecidas.

Hidrolisados de colageno bovino e suino apresentaram caracteristicas diferentes
quanto ao grau de amidagdo e teor de ambnio total, assim como na
eletrofocalizagdo. Os perfis cromatograficos de permeacdo em gel foram
semelhantes, mas a atividade bioloégica em meio com células de melanoma
B16F10 também diferiu.

A combinacao destas duas proteinas para avaliagdo dos efeitos anti-ulcerativo e
anti-tumoral, também foi utilizada. Atengédo especial foi dedicada a uma melhor
compreensao da rota metabodlica e mecanismos de agado destas duas proteinas e
seus peptidios nos ensaios bioldégicos (modelo com ratos e camundongos,
respectivamente).

Para investigar o efeito anti-ulcerativo, ratos Wistar com 250-300g de peso
corporeo foram utilizados. Experimentos com dose Unica e repetitivas foram feitos

para avaliar os efeitos destas proteinas na reducao ou inibicdo da Ulcera géastrica.
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A participacdo das substancias sulfidrila ativas provenientes da glutationa (GSH),
aminoacidos e ligacdes inter e intra- cadeias polipeptidicas, no mecanismo de
protecdo, foi estudada através da alquilagdo total do grupo reativo SH pela N-
etilmaleimida (NEM). Algumas respostas fisiolégicas foram avaliadas como a
producdo de muco gastrico e gastrina durante o modelo experimental de ulcera
induzida por etanol.

A atividade inibitéria em modelo de Ulcera géastrica induzida por etanol foi também
distinta nos hidrolisados bovino (BCH) e suinos (PCH), apresentando o hidrolisado
suino em torno de 60% de inibicdo das lesdes ulcerativas quando administrado em
dose unica 750mg/Kg de peso corporeo. No experimento de dose dupla a
porcentagem de inibicdo das lesdes ulcerativas gastricas dos hidrolisados bovinos
foi maior que 70% quando administrado 1500 mg/Kg pc. Quando foram realizadas
combinagdes de hidrolisados de colageno bovino ou suino com WPI, obteve-se
uma combinacao otimizada para BCH:WPI (50:50) na concentracao de 375mg/Kg,
com mais de 70% de inibicdo das lesdes ulcerativas géastricas. Os hidrolisados de
colageno levaram ao aumento da producdo de muco na mucosa gastrica e o WPI
inibitéria das lesdes gastricas.

Na avaliagao in vitro com as células B16F10 e os hidrolisados de colageno bovino
e suino e suas fragcdes obtidas por micro e ultrafiltracdo, assim como aquelas
provenientes da cromatografia por HPLC de fase reversa, mostraram que estas
ultimas apresentaram a menor concentragao inibitéria para 50% das células (I1Csp),
também apresentando aumento na fase de apoptose com significativo aumento na
porcentagem de expressao da caspase-3 nos meios contendo as fragcées F1, F2 e
F3.

O estudo de propriedade anti-tumoral foi conduzido utilizando camundongos
C57BL/6J. Animais saudaveis foram injetados (transplantados) com células
tumorais de melanoma murino B16F10 na &rea dorsal para avaliar a implantagéo
tumoral, progresséo, caquexia observando a perda de peso e outros sintomas,

metastase, capacidade proliferativa do tumor assim como sua classificagédo de

XVvi



acordo com o volume, tamanho e numero. Os mecanismos nos quais a dieta
protéica pode estar envolvida, avaliando a fase do ciclo celular, apoptose e efeitos
anti-proliferativos no tecido tumoral foram também objetivos deste estudo.
Protocolos utilizando quimioterapico foram seguidos com aquelas dietas protéicas
que apresentaram melhor resposta contra a tumorigénese considerando outros
mecanismos que poderiam estar envolvidos.

No modelo de tumorigénese in vivo com células de melanoma B16F10 observou-
se uma menor porcentagem de mortalidade, maior porcentagem de sobre-vida e
aspectos macroscopicos vantajosos para o grupo de animais C57BL/6J que
ingeriram American Institute of Nutrition (AIN-93) tendo como fonte protéica BCH:
WPI (50:50) e tratamento quimioterapico. O ciclo celular também sofreu alteragéao
com as diferentes dietas. A fase GO/G1 tanto no grupo com tratamento
quimioterapico como no grupo sem quimiotergpico foi significativamente
aumentada para os grupos dietéticos com BCH e BCH-P1 + WPI. A porcentagem
de apoptose aumentou para BCH+WPI com tratamento quimioterapico. A
capacidade proliferativa das células B16F10 diminuiu para os grupos de
camundongos C57BL/6J que se alimentaram de hidrolisados de colageno sem
tratamento quimioterapico e quando houve quimioterapia associada somente
aqueles grupos que receberam a combinacao das duas proteinas BCH ou BCH-
P1 com WPI tiveram uma diminuic&do significativa da capacidade proliferativa das
células B16F10.
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GENERAL SUMMARY

The main objective of this project was to evaluate the potential physiological
properties of collagen hydrolysate (CH from Gelita) and a whey protein isolate
(WPI) in relation to anti-ulcerative and anti-tumoral effects in rodents. The project
presents a technological part, which involves the WPI production with different
molecular masses.

To obtain the proteic fractions used in this study responsible for these attributes, a
characterization was conducted using fractionation through microfiltration using
membranes technology and FPLC system through gel permeation and reverse
phase chromatography. These technologies were used to obtain the collagen
hydrolysate with different molecular masses and the whey protein isolate (WPI) to
allow the chemical characterization and biochemical and physiological evaluations
of their anti-ulcerative and anti-tumoral activities. The elaborated products obtained
from these fractionation technologies and also the products from GELITA
(derivatives of collagen) were characterized according to degree of hydrolysis,
amino acids composition, molecular mass and peptide number, using established
methodologies.

Bovine and porcine collagen hydrolysates presented different characteristics
concerning degree of amidation and total ammonium content, as well as in
isoelectric focusing. The chromatographic profiles in gel were similar, but the
biological activity in cellular medium of melanoma B16F10 also differed.
Combination of these two types of proteins to evaluate anti-ulcerative and anti-
tumoral effects were also done. Special attention was dedicated to better
understanding of metabolic routes and mechanisms of action of these two proteins
and their peptides in biological assays (models with rats and mice, respectively).

To investigate the anti-ulcerative effect Wistar rats (250-300g bw) were used.
Experiments with single and double doses were conducted to evaluate the effect of
these proteins in reduction or inhibition of gastric ulcer. The participation of active
sulfhydryl compounds, from gluthatione, aminoacids and inter-, intra- polypeptides

chains, in protection mechanism, was studied through alkylation of SH reactive
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groups using N-ethylmaleimide (NEM). Some physiological responses were
evaluated, as mucus and gastrin production, during experimental model of ulcer
induced by ethanol.

The inhibitory activity in gastric ulcer model induced by ethanol was also distinct for
these two hydrolysates, bovine (BCH) and porcine (PCH). The porcine hydrolysate
presented around 60% of ulcerative lesion inhibition when 750mg/Kg body weight
was administrated at single dose. For double dose experiment the percentage of
inhibition for bovine hydrolysate was higher than 70% when 1,500mg/Kg bw was
administrated. When was tested combinations of either bovine or porcine collagen
hydrolysate with WPI a optimized combination was obtained BCH:WPI (50:50) at
375mg/Kg bw of concentration presenting more than 70% gastric ulcerative lesion
inhibition. The collagen hydrolysate led to increased mucus production in gastric
mucosa while WPI caused in addition an inhibition by non-proteic sulfhydryl
compounds participation in the inhibitory activity of gastric lesions.

In vitro evaluation using B16F10 cells, the bovine and porcine collagens
hydrolysates and their fractions obtained through micro and ultrafiltration, as well
as those obtained by reverse phase chromatography (F1, F2, F3), showed the
lowest inhibitory concentration for 50% of cells (ICsp), presenting increased
apoptosis percentage and a significant increase of caspase-3 expression.

The study of anti-tumoral property was conducted using mice C57BL/6J. Healthy
animals were injected (transplanted) with tumoral cells of murine melanoma
B16F10 in dorsal area to evaluate the tumoral implantation, progression, caquexia
observing the body weight loss and other symptoms, metastasis, proliferative
capacity of the tumor, as its classification according to volume, size and number.
The mechanisms involving the protein in the diet for evaluating cell cycle phases,
apoptosis and anti-proliferative effects in tumoral tissue development were also
objectives of this study. Protocols using chemotherapic were followed with protein
which presented better response against tumorigenesis considering other
mechanisms that could be involved.
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In tumorigenesis, in vivo model using B16F10 melanoma cells, a lower percentage
of mortality, longer survival percentage and better macroscopic aspects were
observed for C57BL/6J animal groups, fed American Institute of Nutrition (AIN-93)
with BCH:WPI (50:50) as protein source plus chemotherapic treatment. The
cellular cycle also suffered alteration with different diets. The G0/G1 phase for both
groups treated and non-treated with chemotherapic increased significantly for the
dietetic groups BCH or BCH-P1 + WPI. The apoptosis percentage increased for
BCH+WPI+ChTP (with chemotherapic treatment). The proliferative capacity of
B16F10 cells was reduced in the groups fed collagen hydrolysate without
chemotherapic treatment and when the chemotherapic was associated only the
groups that received both proteins BCH or BCH-P1 with WPI showed a significant
reduction of proliferative capacity of these cells.
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1. INTRODUGCAO GERAL

O foco deste projeto concentrou-se nas propriedades fisiolégicas do colageno
hidrolisado e das proteinas de soro de leite bovino em relagdo aos efeitos anti-
ulcerativo e anti-tumoral. Alem da GELITA SOUTH AMERICA, outros laboratérios
participaram neste projeto, tais como: C.P.Q.B.A; Depan (UNICAMP) e Instituto
Butantan (Universidade de Sao Paulo).

Esta linha de pesquisa se enquadra na grande &rea de estudo dos alimentos e/ ou
ingredientes funcionais, os quais podem ter alegagdes de produzir um impacto na
saude nao apenas através do aspecto nutricional, mas também através de
modula¢des metabdlicas, melhorando a saude, reduzindo riscos de infec¢oes e
doencas degenerativas e crénicas levando a uma melhor qualidade de vida e
aumento da longevidade (1, 2).

O desenvolvimento de alimentos funcionais requer verificagdo cientifica da
efichcia, mecanismo e seguranca do alimento. Dentre o0s componentes
alimenticios de importancia quanto a atividade fisiol6gica estdo as proteinas as
quais tem sido atribuidas algumas propriedades importantes: inibicao do
crescimento tumoral (derivados de colageno, proteinas de soro de leite e
inibidores de proteases), inibicdo de lesées do sistema digestivo (proteina de soro
e colageno hidrolisado) e efeito anti-hipertensivo (peptidios de caseina, proteinas
de soro, proteina de peixe, zeina e colageno) dentre outras (3, 4, 5, 6, 7, 8).

Para a avaliacdo dos derivados de colageno quanto a inibicdo de lesdes do
sistema digestivo, alguns estudos tém enfatizado a importancia do colageno no
uso médico como material absortivo em estado liofilizado como uma esponja ou
mesmo em estado sélido ou liquido para controle de hemorragia e também
regeneracao do tecido digestivo (7).

Algumas hipo6teses tem sido formuladas para explicar tais propriedades funcionais
do colageno. Alguns autores sugerem que devido ao colageno pertencer a matriz
extracelular, ele interage com as células via receptores, 0s quais apresentam

diferentes fungbes para manter a homeostase através do mecanismo de



regeneracao, um tipo de mecanismo transdutor responsavel pelo sinal liberado em
nivel celular. Este mecanismo pode ser gerado devido as propriedades
piezelétricas do colageno (habilidade de desenvolver uma carga elétrica
proporcional a um esforco mecanico) e grupos reativos polares que sao formados
durante o movimento intra e intermolecular. Esta interacdo do colageno e as
células depende da organizagéo ordenada das fibrilas de colageno (7).

Portanto, colageno tem sido utilizado para regeneracéo tecidual, principalmente
devido algumas propriedades importantes tais como: imunogenicidade,
capacidade ibnica de atrair componentes do sangue que sao essenciais para a
regeneracao do tecido, agregacdo plaquetaria, indutor na promocédo de
coagulagado sangiinea, homeostase e protecdo mecéanica das células digestivas
permitindo que elas fiquem no trato digestério por um tempo suficiente para
promover a recuperacao tecidual (7).

Considerando a eficacia da proteina isolada de soro de leite na inibicao de lesdes
ulcerativas digestivas, alguns estudos tém enfatizado a importancia desta proteina
na prevencao e controle de algumas patologias (2). Algumas hip6teses tem sido
formuladas para explicar tal efeito. A proteina de soro apresenta algumas
seqléncias de glutamil-cistina que parece resistir a acao de enzimas proteoliticas
do sistema digestdrio monogastrico, portanto os peptidios com esta seqiéncia
seriam liberados e absorvidos, servindo como substrato para a sintese de
glutationa que exerce uma agado protetora contra o desenvolvimento de lesbes
ulcerativas da mucosa gastrica. A presenga de um agente antioxidante na mucosa
gastrica tem sido reportado (3, 4). E sabido que altas quantidades de substancias
sulfidrila ndo protéicas na mucosa gastrica, representada principalmente pela
glutationa reduzida, estao fortemente associadas a citoprotecdo gastrica devido a
sua capacidade de evitar a acdo maléfica dos radicais livres toxicos as células da
mucosa (3, 4, 5). A importancia dos compostos contendo grupos sulfidrila (SH),
incluindo a glutationa, na citoprotecdo gastrica da mucosa contra agentes
ulcerogénicos, suporta a investigacao sobre inibicao do WPI nas lesbes digestivas
(1, 2).



A carcinogénese pode ser arbitrariamente dividida em trés fases distintas:
inducdo, promogéo e progressao tumoral. Uma vez que a indugdo ocorre pela
acao de um agente mutagénico, certos constituintes da dieta podem atuar como
moduladores na promog¢ao assim como na inibicdo da progressao tumoral. Varios
autores tém concluido que a dieta é, direta ou indiretamente, responsavel por pelo
menos 35% de todos os registros de causas de céancer. As observagdes da
relacéo entre conteudos de aminodacidos na dieta leva a uma forte afirmacgao sobre
a teoria corrente de que uma nutricdo apropriada levard a melhora da defesa
imune contra o desenvolvimento de tumor. E bem conhecido que a incidéncia e
tamanho de tumores sao afetados pelo sistema imune (9).

Em relagédo ao efeito anti-tumoral dos derivados de colageno, ha um estudo com
gelatina de pele suina no qual é mostrado o efeito anti-tumoral in vitro em células
de hepatoma murino MH134. Este efeito foi comparado com o efeito da gelatina
de osso bovino (BB), 5-Fluorouracil (5-FU) e 7-ethyl-10-hydroxycamptothecina
(SN-38). Sugeriu-se que a gelatina de pele suina induziria a apoptose nas células
MH134 quando avaliada em citometria de fluxo e uma apoptose incerta quando
analisado em gel de agarose por eletroforese e microscopia eletronica. A
eletroforese em gel de agarose mostrou um padrao tipico do DNA e o achado na
microscopia eletrdnica revelou figuras caracteristicas de caso de apoptose para
gelatina de pele suina. SN-38 também mostrou um padrdao de DNA e mudangas
ultra-estruturais de apoptose. 5-FU nao mostrou o padrdgo de DNA, mas a
microscopia eletrénica revelou alteragdes celulares e necrose. Por outro lado, a
gelatina de osso bovino ndo induziu a apoptose e necrose. Evidenciou-se que a
gelatina de pele suina induz a apoptose pela inibicdo da proliferagdo das células
de hepatoma murino MH134 e leva a alteragbes bioquimicas e morfoldgicas in
vitro, comparada com 5-FU, SN-38 e gelatina de osso bovino (8). Apoptose, ou
morte programada da célula é um importante mecanismo da maioria das células
usadas para selecionar negativamente células usualmente deletérias ao
hospedeiro. H4 uma variedade de eventos moleculares rapidos e distintos que

ocorrem em células apoptoéticas (10).



E importante investigar o efeito anti-tumoral utilizando ambas as fontes de
derivados de colageno: pele bovina e suina. Isto surgiu de uma hip6tese sobre
reacao auto-imune do colageno tipo Il na cartilagem (11, 12), mostrando que este
efeito depende do tipo de colageno, podendo este atuar como anticorpo e assim
participar do sistema imune.
Alguns estudos mostraram o efeito positivo da proteina de soro de leite bovino
quanto a atividade anti-tumoral (9).
A dieta com proteina de soro de leite parece inibir significativamente a incidéncia e
o crescimento de cancer de célon induzido quimicamente em camundongos. Uma
estimulacdo imune mais forte e uma inibicdo tumoral do concentrado protéico de
soro de leite foi também demonstrados quando comparado com caseina e soja
(9).
Ha uma populacdo enorme que inclui milhées de criangas e adultos (ao redor de 6
a 15 milhdes) que apresentam as lesdes digestivas que levam a disfagia que na
maioria das vezes é devida a problema de refluxo, sendo que 13,5 milhdes séo
representados por pessoas idosas. Estima-se que este dado sera multiplicado por
16 nos préximos 20 anos (13).
A investigacao das proteinas de leite (soro de leite e caseina) e seus hidrolisados
enzimaticos sobre a fisiologia permite confirmar e aprofundar no estudo de alguns
aspectos fisioldgicos tais como:
v" O concentrado de proteinas do soro de leite (WPC) tem capacidade de
reduzir os niveis de colesterol do sangue e hepatico em ratos (14, 15).
v O WPC e seus hidrolisados tém a capacidade de inibir lesbes ulcerativas
causadas pelo etanol e pela indomethacina em ratos (3, 4, 5).
v" O WPC e seus hidrolisados tém a capacidade de estimular a sintese de
glutationa (GSH) em varios érgaos de ratos e camundongos (16, 17).
v O WPC tem a capacidade de inibir o desenvolvimento do cancer de célon
induzido pelo azoximetano, em ratos (16).
v O WPC e seus hidrolisados estimulam a produgao do anticorpo (IgM) em

ratos mediante estimulo com eritrcitos de carneiro (16, 17).



v" A ingestdo continuada de um WPC conduziu a um aumento no nivel de
glutationa nos eritrécitos e aumentou a populagéo dos linfécitos TCD4"™ em
criangas infectadas com o virus HIV-1 (18).

A respeito dos derivados do colageno, além de propriedades tecnoldgicas e
funcionais, recentemente algums efeitos sobre a fisiologia tem sido estudadas (7,
8, 11, 12, 19). Os autores citados mostraram efeitos sobre a fisiologia usando a
ingestao do hidrolisado de coldgeno que causa os seguintes beneficios:

v Auxilia na manutencao de articulagbes saudaveis, fortificando os ligamentos
(12, 19);

v" Promove uma melhoria na densidade 6ssea (11, 12, 19, 20);

v' Em um estudo recente, mostrou-se in vitro que os derivados do colageno
de pele suina apresentaram efeito anti-tumoral, promovendo a morte
programada das células cancerosas (apoptose) (8).

Os derivados do colageno nao sao proteinas caras, porém nao apresentam alguns
aminoacidos essenciais (principalmente triptofano), sendo ainda limitado nos
demais. Por outro lado, a proteina do soro é cara e dificil de ser obtida a partir do
leite, mas apresenta um perfil equilibrado dos aminoacidos do ponto de vista
nutricional.

Em testes preliminares (ndo publicado), observou-se que o colageno hidrolisado e
o concentrado de soro de leite mostraram uma acgao sinergistica ou complementar
na inibicdo das lesdes ulcerativas induzidas pelo etanol, em ratos.
Consequentemente, existe a possibilidade de que estas proteinas possam
também apresentar um efeito sinergistico quanto a agao anti-tumoral, justificando

0 interesse pela pesquisa aqui proposta.



2. OBJETIVOS GERAL e ESPECIFICOS

O objetivo geral desta pesquisa foi a avaliagdo de possiveis efeitos inibitérios de
hidrolisados de colagenos de peles suina e bovina, com diferentes massas
moleculares, contra lesbes da mucosa gastrica induzidas pelo etanol, em ratos, e
contra acao anti-tumoral in vitro e in vivo em células de melanoma murino.

Os objetivos especificos poderéo ser descritos como seguem:

2.1. Producdo de um isolado protéico de soro de leite bovino (WPI), em

quantidades suficientes para conduzir os estudos experimentais.

2.2. Producdo de fragbes de colageno hidrolisado, com diferentes massas
moleculares e caracterizacdo das principais fracoes através da composicao de
aminoacidos, numero de peptidios e massas moleculares, através de métodos

cromatograficos.

2.3. Avaliacao de possivel acdo anti-ulcerativa causada por etanol, em ratos, das

fracoes de colagenos e combinagdes destas com WPI.

2.4. Estudo comparativo “screening in vitro” para detectar fracbes de colageno
com possivel efeito anti-tumoral através de testes de atividade anti-proliferativa,
apoptotica, citotoxica e determinagao da IC50 (concentragéo inibitéria para 50%

das células).

2.5. Estudo comparativo (in vivo) para avaliar o potencial anti-tumorigénico
comparativo entre o0 WPI e as fracbes de colageno selecionadas “in vitro”, em
modelos de transplante de células de melanoma em camundongos da linhagem
C57BL/6J, mantidos em dietas com diferentes proteinas adicionadas na presenca

ou auséncia de tratamento com quimioterapico.
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Resumo

Esta revisdo trata principalmente da atividade biolégica das proteinas de soro de leite
bovino e derivados de coldgeno, hidrolisado ou ndo, no modelo de ulcera géstrica. O
aprofundamento da compreensdo da fisiologia géstrica também € descrito com o objetivo
de relacionar a inibicdo as lesdes ulcerativas gastricas e mecanismo do sistema gastrico.
Foram mencionados alguns estudos com as proteinas de soro de leite em diversos modelos
de indugdo de ulcera géstrica, com etanol, indometacina, estresse por frio e reserpina.
Proteinas como a O-lactalbumina também apresentou efeito no modelo de tlcera induzida

por etanol. Ja para os derivados de coldgeno, apenas poucas referéncias foram encontradas.

Summary

This review deals mainly with whey proteins and collagen derivatives, hydrolysates or not,
against gastric ulcerative lesions. The gastric physiology also is mentioned in order to
correlate the gastric ulcer inhibition with the most probable mechanisms involved in gastric
ulcer models. It was found some studies with whey proteins as potential inhibitors of ulcers
induced by various models such as, ethanol, indomethacin, stress promoted by cold and
reserpine. The a-lactalbumin also showed positive effect in ulcer gastric model induced by

ethanol. With regard to collagen only a few articles were found.
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Introducao

Nesta revisdo pretendeu-se pesquisar na literatura trabalhos que pudessem comprovar, ou
pelo menos dar algum suporte sobre alegacdes de propriedades funcionais e ou fisioldgicas
das proteinas do soro de leite bovino (WPI) bem como da gelatina e outros derivados de
coldgeno, como agentes de importancia na prote¢do da mucosa gastrica contra substancias
ulcerogénicas.

Para compreender melhor possiveis mecanismos de agdo dessas proteinas na defesa de
lesdes gastricas, procurou-se aprofundar na anatomia, fisiologia e mecanismos bioquimicos
envolvidos na funcdo géstrica.

Propriedades fisiologicas das proteinas do leite bovino

A industria de leite oferece como produtos manufaturados muitas fragdes protéicas como
caseinas e soro de leite intensamente utilizados por possuirem vdrias propriedades
funcionais e tecnoldgicas importantes (1,2). Desde a década de 1980, a utilizacdo destes
produtos derivados do leite, aumentou significativamente por representarem importante
acréscimo a economia das industrias leiteiras (3).

O soro de leite é formado por um grupo heterogéneo de proteinas com caracteristicas
especiais (4). Apresenta uma rica e variada mistura de proteinas com propriedades
quimicas, fisicas, funcionais e tecnoldgicas (5). Estas propriedades dependem, em parte, da
concentracdo em aminodcidos sulfurados (cisteina e metionina) nas proteinas do soro de
leite, as quais representam aproximadamente 20% do total de proteinas do leite bovino. Os
outros 80% sdo caseinas (6).

Efeitos bioldgicos e fisioldgicos das proteinas do soro de leite s@o atribuidos as fragdes -
lactoalbumina, -lactoglobulina, soroalbumina, lactoferrina, lactoperoxidade,
imunoglobulinas, além de uma variedade de substancias bioativas, incluindo hormonios,
fatores de crescimento celular e citocinas, que estdo presentes em concentragdes que podem
ser consideradas significativas quanto a beneficios ao organismo. Estas fracdes protéicas
tém sido implicadas em inumeros efeitos biologicos observados em estudos com humanos e
animais (4).

Baruchel et al (7) revelaram quais as concentracdes dos componentes do soro de leite que

sdo citados como responsaveis pelas propriedades funcionais fisioldgicas deste produto. Na
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molécula da albumina do soro bovino encontram-se 17 residuos de cistina e 6 sequéncias de
acido glutdmico-cistina. Na lactoferrina hd 17 residuos de cistina e 4 sequéncias de acido
glutimico-cistina. Na 0O-lactoalbumina hd 4 residuos de cistina e na [3-lactoglobulina, 2
residuos de cistina.

Virias pesquisas realizadas (5, 8, 9, 10, 11, 12, 13, 14, 15, 16) no Brasil e no exterior, em
diferentes modelos experimentais (animais, humanos e células in vitro) utilizando a
proteina do soro de leite bovino t€ém comprovado suas agdes sobre o funcionamento do
organismo, incluindo aumento da capacidade imunomodulatéria, a¢do antibacteriana e
antiviral, estimulo da absorcdo de minerais e fungdo intestinal, aumento da sintese de
hormodnios, acdo anticancerigena, aumento no combate as infeccdes e processos
inflamatdrios, promog¢do da sintese de glutationa, além do efeito citoprotetor da mucosa
géstrica.

Meister (17), Cotgreave e Gerdes (18) mencionaram que a glutationa ¢ uma molécula
multifuncional, composta por trés aminodcidos, cisteina, glicina e glutamato, formando o
tripeptidio L-y-glutamil-L-cisteinil-glicina, que exerce sua atividade bioquimica através do
grupamento sulfidrila de sua estrutura. A glutationa € encontrada em todas as células do
organismo, sendo que sua sintese intracelular ocorre a partir de seus precursores, porém a
cisteina € fator limitante para sua formacdo. Minimas quantidades de cisteina sao
encontradas em alimentos como clara de ovo crua, leite, carnes, porém sdo suficientes para
que o organismo utilize-a para sintese da glutationa (17).

A glutationa tem um papel central na protecdo a célula contra os efeitos danosos de
bactérias, virus, poluentes e radicais livres. E essencial na manutengio dos grupos tiis das
proteinas e outros componentes, estd envolvida no transporte de aminodcidos e participa da
iniciacdo e progressdo de células de defesa do sistema imune. Sem a glutationa, importantes
antioxidantes como a vitamina C e E ndo poderiam desempenhar suas fungdes bioldgicas.
Além de interagir com vdrias drogas, participa também como cofator das enzimas
formaldeido desidrogenase, maleilactoacetato isomerase, glioxilase, prostaglandina
endoperoxidase, isomerase e outras enzimas similares como a glutationa peroxidase e a

glutationa redutase (17, 19, 20).
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Resultados obtidos (21) com o concentrado protéico de soro de leite bovino (WPC) na
inibicdo de lesdes ulcerativas, através de diferentes modelos de indugdo da tlcera géstrica
verificou-se que o WPC reduziu o indice de lesdes ulcerativas (ILU) de 23,3%, ndo
diferente significativamente em avaliacdo estatistica comparado com a cimetidina (controle
positivo, agente antiulcerogénico no modelo de indometacina) e quando administrado em
dose tnica, no modelo etanol, inibiu 74,4% do ILU. Quando o WPC foi administrado em
dose repetida, promoveu uma reducdo de 50,1% (p<0,001) comparado com a cimetidina,
quando a indometacina foi o agente lesivo. Em experimento subcronico utilizando WPC e
cimetidina como controle positivo, o WPC reduziu o ILU em 44,0% (p<0,01) e a
cimetidina 72,1% (p<0,001). Ficou demonstrado que o WPC apresentou melhor atividade
antiulcerogdnica a partir de tratamento repetitivo no modelo de ulcera induzida por
indometacina e esta atividade ndo aumentou com doses sucessivas. A dose efetiva 50% de
inibi¢do do ILU (DEsg) para o WPC foi de 756,2 mg/Kg de peso corpdreo para o rato (21).
No modelo agudo de tulcera induzida por etanol, a carbenoxolona (controle positivo)
demonstrou uma redu¢do do ILU de 87%, enquanto que o WPC reduziu o ILU em 40,7%,
(p<0,001) comparados a salina fisioldgica (controle negativo). No tratamento repetitivo
observou-se uma reducdo no ILU para 73,1% (p<0,001) para o WPC e de 86,5% para a
carbenoxolona. No tratamento subcrdonico a reducio do ILU pelo WPC foi de 64,2% e pela
carbenoxolona de 87,5% (p<0,001) e quando comparado com o modelo repetitivo seu
efeito protetor foi igualmente eficaz. A dose efetiva 50% (DEsp) para o WPC no modelo
etanol foi de 1310mg/ Kg de peso corpéreo do rato, sendo este valor maior que aquele
obtido no modelo de indometacina, devido a maior agressdo a mucosa gastrica promovida
pelo etanol. Os dados sugerem que o mecanismo de acdo do WPC possa estar relacionado
com a citoprotecdo gastrica, por apresentar indices significativos de inibicdo das lesdes
gdstricas comparados a droga antiulcerogénica especifica utilizada como controle positivo
(15,21).

O modelo de estresse por imobilizacdo e frio desencadeia a secre¢do acida géstrica e por
isto tem sido bastante utilizado. O WPC foi avaliado neste modelo e no modelo de
reserpina ndo tendo apresentado redugdo significativa do ILU, o que sugere que a sua

atividade antiulcerogénica ndo ocorre devido a inibi¢do da producio acida gastrica (21).
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No estudo do mecanismo de acdo do WPC através da promocgao da sintese da glutationa foi
utilizada sulfoximina de butionina (BSO), bloqueador da sintese de glutationa, em modelo
agudo e repetitivo de ulcera induzida por etanol, onde o WPC foi capaz de inibir apenas
parcialmente as lesdes da mucosa gastrica, evidenciando a participacdo da glutationa na
citoprotecdo gastrica, embora outros mecanismos devam estar envolvidos nesta prote¢dao. A
utilizacdo da N-etilmaleimida (NEM), alquilante dos grupamentos sulfidrila envolvidos no
mecanismo da citoprotecdo, nos modelos agudos e repetitivos de dlcera induzida por etanol
evidenciou uma diminui¢do da agdo protetora do WPC, indicando que as substancias
sulfidrila sdo responsdveis, em parte, pela protecdo da mucosa géstrica (15, 21).

Matsumoto et al. (16) relataram que uma proteina isolada do soro de leite bovino, a -
lactalbumina foi capaz de diminuir significativamente a lesdo na mucosa géstrica no
modelo de ulcera induzida por indometacina, sugerindo que parte desta funcdo protetora
poderia ser através do estimulo que esta proteina € capaz de promover a sintese das
prostaglandinas, agente protetor da mucosa gastrica contra diferentes agressdoes no
estomago.

Segundo Baruchel (7) o WPC possui elevada concentragdo de O-lactalbumina, que pode
estar relacionada ao seu efeito protetor no modelo de inducdo de udlcera por indometacina
Matsumoto et al. (16). Para confirmar esta hipétese, Mezzaroba et al. (22) avaliaram a
capacidade de uma a-lactalbumina comercial com a preparada em laboratério, em proteger
a mucosa gastrica de lesdes ulcerativas causadas pela indometacina e etanol absoluto. A O-
lactalbumina comercial inibiu 44% e a O-lactalbumina obtida em laboratério 12% do ILU,
no modelo indometacina. Para o modelo etanol ndo foi encontrado diferenga estatistica
entre as duas O-lactalbuminas, variando a inibicdo de 32% a 50%. O contetido de
prostaglandina E, (PGE;) e muco aumentaram na mucosa apds a ingestdo das duas O-
lactalbuminas, indicando que a protecdo foi devida, em parte, a estimulacdo da sintese de
PGE; e muco. Também foi observada a participacdo dos compostos sulfidrila na prote¢ao

da mucosa gastrica.
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Efeito do colageno em lesoes gastricas ulcerativas.

Na avaliagdo de derivados de coldgeno quanto a protecdo e regeneracdo de lesdes do
sistema digestivo, alguns estudos t€m enfatizado a importancia do coldgeno no uso médico
como material absortivo em estado liofilizado como uma esponja ou mesmo em estado
s6lido ou liquido para controle de hemorragia e também regeneracdo do tecido digestivo
(23). Estas caracteristicas podem ser devido as propriedades do coldgeno de agregar
plaquetas, atuar como indutor de coagulacdo sangiiinea, mantendo a homeostase.

Algumas hipéteses tém sido formuladas para explicar tais propriedades funcionais do
coldgeno. Alguns autores sugerem que devido ao coldgeno pertencer a matriz extracelular
ele pode interagir com as células, os quais apresentam diferentes funcdes para manter a
homeostase através do mecanismo de regeneracdo: um tipo de mecanismo transdutor
responsdvel pelo sinal liberado em nivel celular. Este mecanismo pode ser gerado devido as
propriedades piezelétricas do coldgeno e grupos reativos polares que sdo formados durante
o movimento intra e intercelular. Esta interacdo do coldgeno e as células depende da
organizacdo ordenada das fibrilas de coldgeno (23).

Portanto, coldgeno tem sido utilizado para regeneracdo tecidual, principalmente devido a
algumas propriedades importantes tais como: imunogenicidade, capacidade idnica de atrair
componentes do sangue que sdo essenciais para a regeneracdo do tecido, agregacdo
plaquetdria, indutor de coagulacio sangiiinea, homeostase e protecdo mecanica das células
digestivas permitindo que o coldgeno permanega no trato digestivo por um tempo suficiente
para promover a recuperacao tecidual (23).

Fisiologia gastrica. O trato alimentar fornece ao organismo suprimento continuo de dgua,
eletrdlitos e nutrientes. Para desempenhar esta funcdo € necesséario: movimento do alimento
ao longo do tubo digestivo; secre¢do de sucos digestivos e digestdo do alimento; absor¢ao
dos produtos da digestdo, da dgua e dos vérios eletrdlitos; circulacdo do sangue através dos
Orgdos gastrointestinais para transportar as substincias absorvidas; controle de todas essas
funcdes pelo sistema nervoso e pelo sistema hormonal. No trato gastrointestinal ha funcdes
especificas, algumas para simples passagem do alimento, como a do esdfago; outras para o
inicio de transformacdo do alimento, como o estdmago; e outras para digestdo e absor¢ao,

como do intestino delgado (24).
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Anatomicamente, o estomago divide-se em 3 porcdes: fundo, corpo e antro pilérico; sendo
limitado por 2 sistemas esfincterianos: o esfincter esofagiano inferior, na parte superior ou
proximal do estdmago; e o esfincter pilérico ou piloro, na parte inferior ou distal do
estdmago (24).

Funcionalmente, a mucosa géistrica pode ser dividida em duas regides glandulares: a
mucosa oxintica e a mucosa antral. A mucosa oxintica € mais extensa, ocupando o corpo e
o fundo, e € o sitio da secre¢do de acido cloridrico. E formada por glandulas oxinticas, que
sdo constituidas de células parietais (ou oxinticas), células principais, células produtoras de
somatostatina (células D) e células do tipo enterocromafinas (ECL). No colo glandular,
predominam as células produtoras de muco, que protegem a mucosa gdstrica da agdo
corrosiva das secregdes originadas nas glandulas (25, 26, 27).

As glandulas da mucosa antral apresentam os mesmos tipos celulares que as glandulas
oxinticas, exceto as células parietais (24). A inervacdo do estdbmago compreende fibras
extrinsecas e intrinsecas. A inervacgdo intrinseca € constituida por dois plexos principais, o
plexo mioentérico que inerva as camadas musculares e regula a fun¢do motora, e o plexo
submucoso que inerva a mucosa e regula a absor¢c@o e as secre¢des gastrointestinais (28).
Neurdnios de ambos os plexos recebem aferéncias do sistema nervoso central através de
fibras do sistema nervoso parassimpdtico e simpdtico (inervacdo extrinseca) e de outros
neurdnios entéricos, incluindo neur6nios sensoriais e interneurdnios. Estes circuitos
neuronais permitem regular a func@o motora e secretora do tubo digestorio (29).

A 1nervacdo simpdtica do trato gastrointestinal € realizada principalmente por fibras pos-
ganglionares que inervam diretamente os vasos sangiiineos € o misculo liso, inibindo a
motilidade e a atividade secretora do sistema gastrointestinal, porém estimula a contracdo
da muscularis mucosae e de alguns esfincteres (27, 29).

Em geral, as fibras do parassimpdtico terminam nos ganglios do plexo mioentérico. As
fibras aferentes do vago inervam diretamente as células parietais e realizam sinapses com
as células ganglionares do sistema nervoso entérico (SNE), estimulando a atividade motora
e secretora do intestino (27, 29).

Ulcera péptica. A tlcera é uma lesdo profunda da mucosa, onde tanto os componentes do

tecido epitelial e conectivo, incluindo miofibroblastos subepiteliais, células do musculo
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liso, vasos e nervos, podem ser destruidos (30). Calcula-se que 15 entre 1000 individuos
sofram desta afec¢do, sendo maior a ocorréncia em mulheres entre 40 e 70 anos de idade. A
tlcera gastrica tem se revelado um dos problemas mais comuns de satde publica. Cerca de
50% dos individuos adultos sadios queixam-se de queimacgOes gdstricas, indicativas de
lesdes e formacdes de ulceras na mucosa, decorrentes de uma ma-alimentacio e estresse
adicionado ao estilo de vida da populacdo (31, 32). Além de sua elevada incidéncia, os
custos de suas complicacOes, particularmente hemorragias e perfuragdes, constituem
pesado Onus para o individuo e para os sistemas assistenciais (32, 33).

Tanto as ulceras localizadas no estbmago quanto as do duodeno sao referidas como tlceras
pépticas. Em geral, as tulceras ocorrem mais comumente no duodeno (5x), onde 90% estao
localizadas a 3 cm da jun¢do do piloro com a mucosa duodenal. No estdbmago as ulceras se
localizam mais comumente no antro (60%) e na jun¢do do antro com o corpo na pequena
curvatura (25%) (33).

Sua incidéncia € ligeiramente maior nos homens em relagdo as mulheres (1,3:1) e, apesar
de ocorrerem em qualquer idade, a ulcera duodenal ocorre com maior freqiiéncia na faixa
de 30-55 anos, enquanto a ulcera géastrica na faixa de 50- 70 anos (33).

Etiologia da tlcera péptica. Segundo Szabo (34), a lesdo celular ou tecidual da mucosa
gdstrica pode ocorrer por causas adquiridas ou inatas. As cinco causas mais comuns de
lesdo celular ou tecidual ocorrem por: (a) hipoxia e isquemia (resultante da diminui¢cdo do
fluxo sangiiineo ou do decréscimo da hemoglobina ou ainda da diminui¢do das enzimas
antioxidantes dos tecidos); (b) por agentes quimicos (como monoaminas, eicosanoides,
endotelinas, drogas sintéticas, e principalmente substancias quimicas ingeridas
propositadamente como o etanol); (c) por agentes biologicos (como virus, bactérias,
particularmente a Helicobacter pylori, fungos, parasitas, levando a reagdes imunoldgicas
que geralmente sdo desenvolvidas para a defesa do organismo, entretanto produzem
radicais livres téxicos que contribuem para a injuria tecidual); (d) por fatores fisicos (stress,
temperaturas extremas, forca mecanica); (e) por defeitos genéticos.

As ulceras provavelmente resultam de diferentes mecanismos patogénicos e, independente
de sua etiologia, esta é formada quando ocorre um desequilibrio entre fatores agressores da

mucosa, sejam eles enddgenos (dcido cloridrico e pepsina) ou exdgenos (etanol,
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antiinflamatérios ndo esteroidais, fumo), e os fatores protetores da mucosa géstrica (muco,
bicarbonato, prostaglandinas, fluxo sanguineo, 6xido nitrico) (35, 36).

A infec¢do por H.pylori estd associada com o desenvolvimento de gastrite, dlceras, e a
possibilidade de malignidades gastricas. A bactéria primeiramente penetra na camada da
mucosa géstrica e entdo se liga a alvos especificos da mucosa e células epiteliais. A
infec¢do resulta em alteragdes reversiveis da glicosilacdo das mucinas que favorecem a
fixagdo da bactéria. Antigenos do grupo sangiiineo como oligossacarideos fucosilados,
sialilados e sulfonados estdo envolvidos na ligacdo da H.pylori as mucinas gdastricas
mediadas por uma variedade de adesinas bacterianas. A degradacdo do muco gastrico pela
H.pylori através de proteases e sulfatases tem sido proposta por uns e rejeitada por outros.
A agdo da uréase gerando amonia aumenta o pH o qual desestabiliza a camada de muco.
Entretanto, ndo € suficiente para o colapso da camada de muco e juntamente com a ligacao
da bactéria ao muco, hd um favorecimento da sobrevida da H.pylori na camada mucosa
(37).

O etanol € um agente irritante local da mucosa géstrica e capaz de destruir a camada
estaciondria formada pelo muco e bicarbonato que tem a funcdo de proteger o estdmago
contra 0 suco gastrico e outros agressores quimicos (32,38). Este agente indutor € ainda
descrito na literatura para definir a participacdo de substincias inibidoras das lesdes
ocasionadas pelo bloqueio da citoprotecdo gdstrica, através de precipitacdo protéica,
ocasionando um aumento de radicais livres toxicos para as células (39, 40, 41).

O etanol diminui significativamente o contetido de grupamentos sulfidrila da mucosa
géstrica. Estes efeitos lesivos sdo produzidos por radicais livres acumulados nas células (40,
42). Estudos mostraram que o mecanismo de citoprotecdo € mediado pelas prostaglandinas
e substancias sulfidrila da mucosa que impedem o aumento da permeabilidade vascular, e
ainda bloqueiam a acdo dos radicais livres toxicos sobre a mucosa (43,44).

A carbenoxolona é uma droga antiulcerogénica, obtida a partir das raizes e rizomas de
alcacuz (Glycyrrhiza glabra). O mecanismo de agdo desta droga estd relacionado com o
aumento dos niveis de prostaglandinas na mucosa géstrica através da inibi¢cdo das enzimas

que promovem o catabolismo das prostaglandinas, além da inibi¢do da secre¢do da pepsina.
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Para tanto, esta droga € recomendada para modelos de ulcera géistrica que estejam
envolvidos com a citoprotecao géstrica (41, 45).

Modelos experimentais com animais servem para reproduzir a acdo dos causadores de
ulceras gastricas, para avaliar a atividade de importantes agentes com atividade
antiulcerogénica, além da finalidade de determinar a atividade de drogas frente a diferentes
agentes ulcerogénicos (41).

Fatores protetores da mucosa gastrica. A mucosa gastrica possui uma barreira dindmica,
permitindo a passagem de certos fons e moléculas para o corpo e restringindo a entrada de
outros. Esta protecdo ndo € realizada apenas por uma barreira anatdmica, mas por uma série
de mecanismos de defesa consecutivos que mantém a integridade da mucosa (46).

A defesa da mucosa géstrica pode ser dividida em fatores pré-epiteliais, epiteliais e sub-
epiteliais. Esta divisdo € arbitrdria, pois as funcdes epiteliais como um todo funcionam em
conjunto para prevenir as lesdes (46). Assim, deve-se ressaltar que esta divisdo € realizada
apenas para fins didéticos.

Protecao pré-epitelial. O epitélio gastrico é coberto por uma camada aderente e continua
de muco gelatinoso e visco-eldstico, que promove uma barreira fisica entre o limen
gastrico e a superficie das células apicais. Um gradiente de pH é formado, com um pH
consideravelmente maior na superficie das células apicais que na solugdo contida no limem
géstrico. Assim, a difusdo de macromoléculas do limem para a superficie epitelial,
incluindo as pepsinas, € prevenida ou restrita (47).

As caracteristicas estruturais de barreira sdo primeiramente indicadoras da funcdo
fisiologica e alteracdes na sua composicao que relaciona com patologias gastrointestinais ja
identificadas. Durante a ultima década, avancos significantes nas técnicas analiticas
relacionadas ao conhecimento da codificagcdo genética das proteinas mucinas tem mostrado
a importancia do papel da camada mucosa e sua relevincia nas doengas gastrointestinais
(37).

A elevada massa molecular das mucinas é responsavel pela propriedade visco-eldstica da
barreira da mucosa. As mucinas sdo abundantemente expressas nos tecidos epiteliais e sdo
caracterizadas por um ndmero varidvel de seqiiencias peptidicas repetidas ricas em serina,

treonina, e prolina que carregam um grande nimero de oligossacarideos ligados na cadeia
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protéica na posicdo orto (O-). Até o momento 12 genes foram descritos associados a
membrana baseado na funcdo que apresentam como secretores de substancias viscosas
extracelulares ou géis poliméricos visco-eldsticos ou localizados como ancdras em
membrans no glicocalix. Dois clusters tem sido reportado, genes codificadores de mucinas
MUC2, MUC5AC, MUCS5B, e MUC6 no cromossomo 11p15.5, e MUC3, MUCII, e
MUC12 no cromossomo 7q22 (37).

Técnicas histoquimicas para deteccdo de mucinas quanto a habilidade de detectar
carboidrato vem sendo utilizada para classificar alteragdes em algumas patologias.
Antigenos de carboidratos parecem estar relacionados com o status da doenga, progressao,
diagndstico, e progndstico, mas ndo sio limitados somente a mucinas isoladamente, ocorre
em outras glicoproteinas e glicolipides celulares (37). As mucinas estdo envolvidas na
etiologia e também diagndstico da metaplasia intestinal gastrica (IM) associada com a
ulceragdo géstrica, infec¢ao por Helicobacter pylori, e o risco de cancer géstrico.

A mucosa estomacal normal se caracteriza pela expressdo da MUC1, MUCS5AC, e MUCS6.
Altos niveis de MUC2 e MUC3 aparecem na metaplasia. O paciente com H.pylori positivo
exibe um aumento da MUCG6 na superficie das células do muco e uma redugdo da
MUCSAC (37).

O muco gastrico ocorre em 3 formas: a mucina solivel presente no suco gastrico; 0 muco
(aderente) insolivel cobrindo as células da mucosa; e o muco presente nas células
secretoras de muco, dispostas entre as células apicais (48).

O muco € unico no trato gastrointestinal, no qual a secre¢do, particularmente no estdbmago,
€ uma camada espessa de gel aderente a superficie da mucosa. O papel da camada de gel €
a protecdo da mucosa e estruturalmente criando uma camada estdvel, ndo misturada para
suportar a neutralizacdo na superficie do acido e agdo como barreira de protecdo fisica
contra a pepsina do limen que atinge a sub-camada do epitélio. O papel da secrecdo de
HCO3" € de neutralizar o dcido difundido na camada de gel da mucosa e manter o pH
préximo da neutralidade na interface da superficie da mucosa e do muco (49).

Virios autores (49, 50) concluiram que a estimulagdo da secre¢do 4cida aumenta a
habilidade da mucosa géstrica em resistir as lesdes. As células parietais quando liberam o

fon H+, simultaneamente transportam o fon bicarbonato pela membrana basolateral através
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da troca CI-/HCO3 -, que resulta numa maior disponibilidade de bicarbonato. Além disso,
para cada ifon H+ secretado pela célula parietal, uma molécula de CO2 € convertida em
bicarbonato, provocando o que se conhece como maré alcalina apds a secre¢do de acido
gdstrico. O papel da maré alcalina em proteger a mucosa gastrica € fortemente sustentado
por outros estudos demonstrando que a administragdao parenteral de bicarbonato in vivo, e a
infusdo de bicarbonato na mucosa géstrica in vitro protegem a mucosa contra lesoes.
Estudos recentes (40, 43, 51, 52) demonstraram que a existéncia de substancias sulfidrila na
mucosa tem envolvimento direto com o mecanismo de citoprotecdo gdstrica. O modelo de
tlcera por etanol tem sido o mais sugerido para determinar este envolvimento, pelo fato do
etanol participar diretamente do bloqueio das substancias protetoras da mucosa géstrica,
resultando numa agressado direta 8 mucosa.

Para avaliar a participacdo de substancias sulfidrila na citoprotecdo géstrica, animais sao
tratados previamente com N-etilmaleimida (NEM), que € um composto que promove
alquilag¢do dos grupamentos sulfidrila, presentes na mucosa gastrica, inativando-os (43).
Outro macanismo também pode avaliar a participagdo das substincias sulfidrila, através de
inibidores da sintese da glutationa. A utilizacdo de sulfoximina de butionina (BSO), um
inibidor da enzima Y-glutamilcisteina-sintetase, que promove a sintese da glutationa,
mostrou que o bloqueio desta enzima, induz severos danos na mucosa géstrica (53, 54).
Protecao epitelial. As células epiteliais gastricas tém propriedades intrinsecas de prote¢ao
tanto por sua disposi¢do anatdmica quanto por sua constitui¢do bioquimica (34).

Aspectos anatomicos da gastroproteciao epitelial. O mecanismo de protecdo de 6rgaos
complexos, como o estomago, € influenciado por sua composicao e estruturas histoldgicas e
anatomicas. Esta protecdo pode ser ativada por pelo menos 2 mecanismos: preservando as
células existentes ou repondo o tecido lesionado (34).

> Hidrofobicidade da mucosa gastrica e juncoes intercelulares: As juncdes
fechadas e outras barreiras intercelulares controlam a passagem de agentes lesivos do
limem para a mucosa gastrica, para espacos intersticiais e submucosos. Agentes que
conseguem atravessar estas junc¢des ainda podem ser barrados pela membrana celular das
células géstricas, que sdo compostas por elevada concentragcdo de fosfolipidios, restringindo

a difusdo de moléculas hidrofilicas, como o fon H (34, 46).
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> Divisao e migracao celular: Quando as barreiras gastricas sdo destruidas e ocorre a
morte celular, as células necrozadas podem ser repostas pela migracdo das células epiteliais
sobreviventes nas bordas da lesdo ou pela divisdo das células do colo glandular que migram
até o lumem e diferenciam-se em células epiteliais superficiais (34, 36).

O fator de crescimento epidermal (EGF) acelera a cicatrizagdo das ulceras por estimular a
proliferacdo e a migragdo celular, modular o fluxo sanguineo, assim como por inibir a
secrecao de 4cido e pepsinas (55, 57).

Recentemente foi demonstrado que a regulagdo da migracdo celular também pode ser
estimulada pelo fator de crescimento de hepatdcito, que também € sintetizado em células
gdstricas. Além disso, ja foi observado o envolvimento da ciclooxigenase induzida (COX-
2) na resposta proliferativa das células gastricas induzidas por fator de crescimento,
sugerindo mais um mecanismo de acdo do efeito gastroprotetor das prostaglandinas (56,
57).

Aspectos bioquimicos da gastroprotecao epitelial.

> Sistema antioxidante: As espécies reativas do oxigénio (ERO) sdo geradas
constantemente nas células durante alguns processos, como na cadeia transportadora de
elétrons (na fosforilacdo mitocondrial), durante o metabolismo de xenobidticos e durante a
resposta inflamatéria. As ERO, como o anion superéxido (O2°), o radical hidroxil (OH) e o
peroxido de hidrogénio (H>O;) sd@o moléculas altamente reativas que interagem
indiscriminadamente com macromoléculas essenciais, como o DNA, as proteinas e lipidios.
Assim, defesas celulares antioxidantes sdo necessdrias para manter a homeostase celular
(59).

O estresse oxidativo pode ser prevenido tanto por a¢do enzimdtica quanto por defesas
antioxidantes quimicas. As enzimas que promovem a primeira linha de defesa contra o 02
e o HyO, incluem a superéxido desmutase (SOD), a catalase (CAT) e a glutationa
peroxidase (GPx) (58).

A SOD remove o 02" do ambiente celular pela conversao em H,0,, que é metabolizado
pela CAT em oxigé€nio e dgua (25); ou ainda, o H>O, pode ser reduzido pela GPx,
utilizando a glutationa reduzida (GSH) como substrato (59). Segunda linha de defesa

antioxidante € realizada por alguns compostos de reduzida massa molecular, incluindo
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vitaminas, flavondides da dieta, carotenodides, acido drico e a GSH (58). A GSH atua como
um varredor de radicais livres e substancias toxicas ingeridas com o alimento ou produzidas
diretamente no trato gastrointestinal (60). Sob condi¢cdes de estresse oxidativo, a GSH
reduz as espécies reativas do oxigé€nio, sendo liberada na forma oxidada (GSSG). O
aumento de GSSG durante o estresse oxidativo geralmente € transitorio, pois é reduzida
rapidamente pela glutationa redutase (GR) (59).

A conjugacdo ndo-enzimatica do GSH com compostos eletrofilicos ocorre apenas quando o
eletrofilo € muito reativo. Desta forma, a conjugacdo é favorecida pela acdo da enzima
glutationa S-transferase (GST) (59).

A GST possui a habilidade de conjugar diversos substratos com a GSH devido a natureza
relativamente ndo especifica do sitio de ligacdo para o substrato hidrofobico e pela
existéncia de indmeras isoformas dessa enzima. Esta enzima € capaz de desintoxicar
compostos endogenos lesivos, como xenobidticos eletrofilicos e/ou intermedidrios reativos
formados durante sua biotransformacao (58).

Foi proposto (61) outro papel antioxidante da GSH, que depende da sua habilidade em
reagir com o radical centralizado de carbono (R"). Nesta hipétese, a GSH atuaria em
conjunto com a SOD para prevenir o dano oxidativo.

A enzima NAD(P)H quinona oxidorredutase 1 (NQO1) também protege as células contra o
estresse oxidativo (62). A NQO1 € uma enzima antioxidante que catalisa a redu¢do de dois
elétrons de quinonas (enddgenas e exdgenas) formando hidroquinonas, sem que haja a
producdo de espécies reativas do oxigénio, auxiliando na protecdo da membrana celular
contra os danos oxidativos (63).

> Oxido nitrico: O 6xido nitrico (NO) € uma molécula sinalizadora gerada, através de
uma série de etapas de transferéncia de elétrons, por uma familia de enzimas conhecidas
como NO sintases (NOS). Trés genes independentes codificam as NOS neuronal (nNOS), a
eNOS endotelial e a induzida (iNOS) (64), as quais possuem a capacidade de gerar o NO
por mecanismos regulatérios complementares e distintos. O NO, por sua natureza lipofilica,
difunde-se rapidamente, iniciando sinais intercelulares e intracelulares (65). A via melhor
caracterizada da sinalizacdo produzida pelo NO estd relacionada com a ativacdo da

guanilato ciclase solivel (GCs), onde o NO liga-se no grupamento heme da enzima,
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estimulando a formagdo de GMPc, que por sua vez ativa proteinas quinases G (PKG),
iniciando uma cascata de fosforilagcdo para obter a funcao efetora (66).

Entretanto, em condicdes fisiopatoldgicas e provavelmente durante certas condicdes
fisioldgicas, a sinalizagdo mediada por NO pode ser independente da ativagdo da GC. O
NO, por exemplo, regula diretamente a fung¢do de canais iOnicos, enzimas e varias
proteinas. Esta regulacdo parece ser, ao menos em parte, controlada pela nitrosilagdo de
grupamentos tidis do residuo de cisteina presentes nas proteinas (67).

Mais recentemente, o 6xido nitrico tem sido reconhecido como um mediador fundamental
nos mecanismos de defesa gastrica. Em vdrios estudos, foram demonstrados que as lesdes
na mucosa gastrica induzidas por agentes quimicos sao reduzidas pela administracdo de NO
e agravadas com a sua remocdo (68, 69). Este efeito pode estar ocorrendo devido ao
aumento do fluxo sanguineo da mucosa promovido pelo NO (13) ou ainda por promover
um aumento na libera¢do de muco géstrico (70).

Recentemente também foi demonstrado que a administracio de N-nitro-L-arginina metil
éster (L-NAME) inibidor da NOS acentua as lesOes gdstricas induzidas por etanol e
aumenta a atividade da H+,K+-ATPase, enquanto doadores de NO (nitroprussiato) reparam
as lesdes induzidas por etanol e inibem a atividade ATPésica em ratos (71).

Virios estudos trazem informagdes contraditérias a respeito do papel do NO no trato
gastrointestinal. Takeuchi et al (72) demonstraram que o NO inibe a secre¢do duodenal de
bicarbonato. Por outro lado, outros pesquisadores sugeriram que a secrecdo de bicarbonato
¢ estimulada por NO (73).

Também foram realizados estudos para avaliar a participacio do NO na motilidade
gastrointestinal e no fluxo sanguineo gastrico. Enquanto o papel do NO na motilidade
gastrointestinal é fortemente controlada pela nNOS, os efeitos nas fungdes vasculares
ocorrem, em maior parte, através da eNOS (74).

Estudos em humanos permitiram observar que inibidores da NOS aumentam a freqiiéncia
de contragdes gastricas e aumentam o esvaziamento gastrico, assim como doadores de NO
inibem o esvaziamento gastrico promovendo a acomodacdo da regido proximal do

estdmago (75).
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A maior parte do fluxo sanguineo do trato gastrointestinal entra pela vasculatura
mesentérica e € regulado, em grande parte, pelas arteriolas. O papel do NO neste processo
foi evidenciado por inibidores de NO, que reduziram o fluxo sanguineo em artérias
mesentéricas (76, 77).

O papel do 6xido nitrico na secre¢do dcida gastrica é mostrado por vérios estudos com
informagdes contraditorias. Estes estudos t€ém demonstrado que o NO também interfere na
secrecao gastrica de dcido. Estudos in vitro tém demonstrado que o NO estimula a secrecao
dcida géastrica em camundongos (78). No entanto, outros pesquisadores demonstraram que
o NO inibe a secre¢do acida géastrica em ratos (79) e em glandulas géastricas isoladas de
coelhos (102). Estudos em humanos indicaram que o NO pode tanto reduzir quanto
aumentar o pH intragéstrico (80).

No estudo de Brown et al. (81) demonstrou-se, em células parietais isoladas de rato, que
altas doses de um doador de NO inibe a secrecdo é4cida gastrica induzida por histamina,
sugerindo que o NO atua diretamente na célula parietal. Kato et al. (79) demonstraram que
a administracio intragéstrica de doadores de NO inibe a secrecdo dcida induzida por
pentagastrina e inibe a liberacdo luminal de histamina em ratos anestesiados. Os autores
sugerem que a inibi¢do da secre¢do acida por NO ocorre pela reducdo da liberagdo de
histamina pelas células do tipo enterocromafinas.

Outros estudos demonstraram que doadores de NO, em altas doses, inibem a secre¢do acida
induzida por histamina, em estdmagos isolados de camundongo, por betanecol e por
estimulacdo vagal. Entretanto, estes mesmos autores (78, 82) observaram um aumento da
secrecdo dcida gastrica e um aumento da libera¢do de histamina quando utilizaram baixas
doses do doador de NO.

Segundo Hasebe et al. (82), esta discrepancia do NO em inibir ou estimular a secrecao
acida gdstrica pode ser explicada pela hipdtese de que a concentragdo de NO € quem
determina se vai ocorrer uma estimulagdo ou inibicao. Sugeriu-se que baixas concentracdes
de NO possuem um efeito estimulatério no conteddo celular de histamina, aumentando a
secrecdo dcida gastrica, enquanto uma alta concentracdo de NO teria um efeito inibitério

nas células parietais, inibindo a secre¢ao acida géstrica.
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Protecao sub-epitelial

> Microcirculacao gastrica: O fluxo sangiiineo protege a mucosa por assegurar a
chegada de uma quantidade 6tima de oxigénio, nutrientes e bicarbonato. Quando o 4cido
géstrico ou outro agente irritante invade o compartimento subepitelial, neurdnios sensoriais
aferentes sido capazes de disparar um rdpido aumento no fluxo sangiiineo da mucosa que
permite o tamponamento do dcido e uma rapida remog¢do de substancias téxicas, limitando,
desta forma, sua penetracdo em camadas mais profundas da mucosa (36).

> Tonus muscular: A modulacdo do esvaziamento géastrico, da motilidade duodenal e
da mistura 4cido-base representa mecanismos de defesa gastrica. Os vasos sanguineos
gdstricos atravessam a muscularis mucosae tanto perpendicularmente quanto obliquamente.
Assim, a contracdo do musculo liso da parede gdstrica comprime 0S pequenos vasos,
favorecendo a lesdo endotelial e o desenvolvimento de congestio e estase local por drogas
como o etanol (83).

> Resposta inflamatéria aguda: Quando os niveis superficiais da defesa da mucosa
falham ou sdo vencidos por uma lesdo luminal, o préximo nivel de defesa da mucosa € a
resposta inflamatéria aguda. Resumidamente, os neutréfilos migram da circulacdo para o
local da lesdo para facilitar o reparo e reduzir a entrada de microorganismos na circulagao
sistémica (84).

Secrecao acida gastrica

Uma das mais importantes fungdes do estomago € a producdo de dcido. O éacido gastrico
facilita a digestdo de proteinas, a absor¢do de ferro, cdlcio, vitamina B12, e previne o
crescimento bacteriano e a infeccdo entérica. Entretanto, quando os niveis de dcido e
pepsina se sobrepdem aos mecanismos de defesa da mucosa, hd a formacao de tulceras. Para
prevenir estas lesdes, a secrecdo dcida géstrica pode ser precisamente regulada. A regulagdo
envolve vias aferentes e eferentes do sistema nervoso central e entérico, assim como a
atuacdo de células neuroenddcrinas e imunes pelas vias autdcrina, pardcrina, € hormonal
7).

As vias regulatdrias convergem em 4 células cruciais para a secre¢do dcida: (a) as células
parietais da mucosa oxintica (corpo e fundo gastrico), que produzem dcido cloridrico; (b) as

células do tipo enterocromafinas (ECL) da mucosa oxintica, que produzem a histamina
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(principal estimulante pardcrino da secrec@o 4cida); (c) as células G da mucosa antral, que
produzem a gastrina (principal estimulante hormonal da secrecdo acida); e (d) as células D
da mucosa oxintica e antral, que produzem a somatostatina (principal inibidor pardcrino da
secregdo acida) (77).

Mecanismos centrais

A fase cefdlica da secrecdo dcida € ativada por sinais sensoriais reconhecidos pelo cheiro,
pelo paladar, pela visdao e pelo pensamento nos alimentos, que contribui em
aproximadamente 50% para a resposta da secrecdo dcida durante a alimentacdo. O nucleo
dorsal motor do vago (na medula) e o nucleo paraventricular (PVN) (no hipotdlamo) sdo
responsdveis pela integracdo das informacdes aferentes e eferentes. O PVN € conectado
anatomicamente e funcionalmente com o nucleo arqueado (ARC). O neuropeptidio Y e os
neurdnios contendo o fator liberador de corticotropina (CRF) estdao presentes no ARC e no
PVN e inibem a secrecdo 4cida. Existe a hipotese de que o neuropeptidio Y, liberado das
projecdes de neurdnios do ARC para o PVN, ativa os neuronios do CRF nesta regido do
cérebro (77, 85).

A neuromedina U também estd presente no ARC e, quando administrada por injecao
intracerebroventricular, inibe a secrecao 4cida géstrica (86). Este efeito ¢ mediado por CREF,
pois foi observado que anticorpos para CRF podem bloquear o efeito. O CRF, por sua vez,
ativa os neurdnios simpéticos noradrenérgicos (77).

A capsaicina € capaz de se ligar aos receptores vaniléides (VR1), que ja foram localizados
nos terminais aferentes vagais, assim como no nucleo do trato solitdrio e na drea postrema
(87). A injecdo intracerebroventricular de capsaicina estimula a secrecio dcida géstrica em
ratos, sendo que esta resposta envolve os receptores VR1 e a liberagcdo de taquicininas e o
peptidio relacionado ao gene de calcitonina (CGRP), pois este efeito pode ser bloqueado
por antagonista VR1, antagonista NK-2 da taquicinina, ou por antagonista CGRP (88).
Estes estudos sugerem que as fibras vagais aferentes podem estar envolvidas na transmissao
do estimulo doloroso, e talvez em todo o estimulo fisiol6gico do estdbmago para o sistema
nervoso central (88, 89). O sistema nervoso central interpreta estes sinais € transmite a

informacdo eferente pelo nervo vago, que possui um gradiente de inervacao decrescente. A
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influéncia vagal ¢ méaxima no estdbmago e no duodeno proximal, diminuindo na por¢ao
mediana e final do intestino (90).

Mecanismos periféricos

Estimulantes da secrecio acida

> Gastrina: A gastrina e a colicistocinina (CCK) possuem a seqiiéncia pentapeptidica
carboxi-terminal idénticas. Existem duas classes de receptores para gastrina/CCK
caracterizadas: CCK-1 (ou CCK-A) e CCK-2 (ou CCK-B). Os receptores CCK-1 sdo
especificos para CCK, enquanto os receptores CCK-2 reconhecem tanto a CCK quanto a
gastrina (Figura 1) (77).

A gastrina € o principal mediador da secrecdo dcida estimulada por alimento. Sua
estimulacdo ocorre diretamente via receptores CCK-2 na célula parietal e, principalmente,
indiretamente pelos receptores CCK-2 nas células ECL (Figura 1). As células ECL liberam
histamina que estimulam a secre¢@o 4cida ativando os receptores H-2 presentes nas células
parietais (77).

Durante o jejum, ocorre uma via de feedback envolvendo a secrecdo de somatostatina para
atenuar a secrecao dcida. O 4cido luminal estimula a secre¢d@o de somatostatina antral que,
por sua vez, inibe a secre¢do de gastrina. Quando a secre¢do de acido € reduzida por drogas
ou pela gastrite atréfica, a secrecdo de somatostatina é diminuida, e consequentemente a
secrecdo de gastrina € estimulada, resultando na hipergastrinemia (77).

Apoés a alimentacdo, nutrientes da dieta estimulam células duodenais a liberar CCK, que
interagem com receptores CCK-1 presentes nas células D da mucosa antral e oxintica e
com receptores CCK-2 presentes nas células ECL e parietal. O efeito da ativacdo do
receptor CCK-1 predomina. Assim, o efeito da colicistocinina, fisiologicamente, é a
inibicdo da secre¢do dcida (Figura 1) (77).

Histamina: No estdmago, a histamina é estocada em maior quantidade nas células ECL
localizadas na terceira porgdo inferior da glandula oxintica (91). E armazenada em
vesiculas secretoras, sendo liberada apds estimulacdo por gastrina, pelo fator de
transformacdo do crescimento-alfa (TGF-a), pelo peptidio intestinal vasoativo, e pelo

peptidio ativador da adenilato ciclase pituitaria (92).
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A gastrina liga-se ao receptor CCK-2 da célula ECL promovendo um aumento de Ca+2
intracelular. O aumento de Ca+2 promove a exocitose e a histamina € liberada. O TGF-a
liga-se no receptor do fator de crescimento nas c€lulas ECL, e o peptidio ativador da
adenilato ciclase pituitdria (membro da familia do peptidio intestinal vasoativo) estd
presente nos neurdnios da mucosa gastrica e liga-se no receptor PAC1 nas células ECL. A
gastrina, o TGF-0 e o peptidio ativador da adenilato ciclase pituitiria estimulam a
transcricdo e a atividade da histidina descarboxilase (enzima que descarboxiliza a
histamina) (93, 94). A histamina liberada se difunde para as células parietais vizinhas e
estimula a secre¢do de acido pela ligacdo com os receptores H-2 expressos na superficie da
célula parietal (77).

Acetilcolina: A acetilcolina (ACh), liberada dos neurdnios pdsganglionares do sistema
nervoso entérico, estimula diretamente a secre¢do de 4cido através da ativacdo dos
receptores M-3 nas células parietais. Hirschowitz e Molina (95) demonstraram que
receptores do tipo M1 presentes nas células do tipo enterocromafinas (ECL), quando
bloqueados por antagonista especifico M1, inibem a liberacdo de histamina, reduzindo a
secrecdo acida gastrica.

> Grelina: A grelina é abundantemente expressa em células da mucosa oxintica. Em
humanos, a infusdo de grelina aumenta o apetite, o consumo de alimentos e a secre¢dao
dcida gastrica. Ela € liberada durante o jejum e € inibida pela administragc@o intragastrica de
proteinas, carboidratos ou lipidios, pela CCK, pela somatostatina, e pela infeccdo por
Helicobacter pylori (96, 97, 98).

Inibidores da secrecao acida

Somatostatina: A somatostatina, presente nas células D da mucosa antral e oxintica, inibe
a secrecdo dcida por atuar diretamente nas células parietais e indiretamente por inibir a
secrecao de histamina (das células ECL) e a secrecao de gastrina (das células G). As acdes
da somatostatina s@o mediadas via 5 subtipos de receptores acoplados a proteina G,
conhecidos como SSTR1 a SSTRS. Estudos farmacolégicos e moleculares, incluindo
estudos em camundongos knockout, sugerem que o SSTR2 € o receptor que estd mais
envolvido com a regulacdo da secrecdo dcida gdstrica. Embora a secrecdo dcida gastrica nos

camundongos knockout seja 10 vezes mais elevada que a secre¢do dcida dos camundongos
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selvagens, nao hd nenhuma alteracdo nos niveis circulantes de gastrina, sugerindo que a
inibicdo da gastrina pela somatostatina pode ndo envolver o receptor SSTR2 (99).

Além disso, foram identificados receptores SSTR2 em células parietais e ECL, mas ndo nas
células secretoras de gastrina (99).

Peptidio relacionado ao gene de calcitonina/adrenomedulina: O peptidio relacionado ao
gene de calcitonina (CGRP) pertence a uma familia de neuropeptidios que incluem a
calcitonina, a adrenomedulina e a amilina. No estdmago, a adrenomedulina estd presente
nas células ECL e o CGRP nos neur6nios sensoriais extrinsecos. Seus receptores ja foram
identificados em células D nas glandulas da mucosa antral e oxintica (100). Ambos CGRP
e adrenomedulina estimulam a secre¢do géstrica de somatostatina e inibem a secre¢do de
histamina, inibindo a secrecdo 4cida gastrica (101). A amilina estd co-localizada com a
somatostatina nas células enddcrinas do fundo gdastrico. Em estomagos de ratos e
camundongos, a amilina liberada das células D, por via autdcrina, interage com receptores
de amilina, aumentando a secre¢do de somatostatina, que consequentemente inibe a
secrecao de histamina e dcido gastrico (102).

> Prostaglandinas: As prostaglandinas (PGs) sdo sintetizadas a partir do acido
araquidonico, através das enzimas ciclooxigenases (COX). Enquanto a isoforma COX-1
(constitutiva) produz a maior parte de prostaglandinas (PGs) no estdbmago normal, a COX-2
(induzida) atua como um fator importante na cicatrizacdo das ulceras. Inicialmente
acreditou-se que a COX-2 contribuia para a cicatriza¢do das ulceras unicamente através da
producdo de PGs. Entretanto, estudos recentes sugerem que a inibi¢do da COX-2 aumenta o
tempo de cicatrizacdo das ulceras tanto por via dependente quanto independente de
prostaglandinas (74). Segundo Wallace (84), em pacientes com ulceras pré-existentes, tem-
se sugerido utilizar derivados de antiinflamatdrios nao esteroidais que liberam NO ao invés
de inibidores seletivos de COX-2, pois estes ndo interferem na cicatrizacao das ulceras e,
em alguns casos, podem acelerar sua cicatrizagao.

As prostaglandinas, especialmente a PGE2, possuem efeitos citoprotetores na mucosa
gdstrica como conseqiiéncia de varios mecanismos indiretos, como o aumento da produgdo
de muco e bicarbonato que recobrem as células epiteliais, a inibicdo da motilidade géstrica,

a inibicdo da secrecao 4cida géstrica, a manuten¢do do fluxo sanguineo gastrico, a inibicao
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da apoptose, a inibi¢do da ativacdo de mastdcitos, e a diminui¢do da aderéncia leucocitaria
ao endotélio vascular (76).

As prostaglandinas (PGs) inibem a secrecdo de dcido por agdo direta na célula parietal ou
indiretamente pela inibi¢do da liberac@o de gastrina. Nas células parietais, as PGs modulam
a secregdo dcida por inibir o aumento de AMPc induzido por histamina (76).

Mecanismos intracelulares

A interacdo com os receptores M-3 na célula parietal, ativa canais de calcio operados por
receptores, produzindo um influxo de célcio. Além disso, os receptores M-3 e CCK-2
presentes na membrana da célula parietal estdo acoplados a fosfolipases que catalisam a
ruptura dos fosfolipidios de membrana, formando o inositol trifosfato (IP3) e o
diacilglicerol (DAG). O IP3 mobiliza o célcio intra e extracelular, elevando sua
concentracdo em até 10000 vezes. O cdlcio pode se ligar a calmodulina, formando o
complexo cdlcio-calmodulina (CaM), que ativa as proteinas quinases calcio dependentes
(PKC). O DAG permanece fixo a membrana plasmatica e atua como cofator, junto com o
célcio, na ativacdo da PKC (103, 104).

O receptor H-2 presente na célula parietal é acoplado ao sistema adenilato ciclase via
proteina G. A adenilato ciclase estimulada converte a adenosina trifosfato (ATP) em
adenosina monofosfato ciclica (AMPc). A AMPc formado ativa as proteinas quinases
dependentes de AMPc (PKA). A estimulagdo da célula parietal pela histamina também
produz um aumento de cdlcio intracelular transitério, podendo esclarecer porque os
antagonistas de receptor H-2 podem inibir parcialmente a secrecdo dcida estimulada por
agentes colinérgicos (103, 105).

A ativacdo da PKC pelas vias colinérgicas (M-3) e enddcrina (CCK-2) ou a ativagdo da
PKA pela via histaminérgica (H-2) faz com que proteinas quinases fosforilem as proteinas

responsaveis pela ativacdo da bomba H/K'-ATPase (104).
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Figura 1.: Modelo ilustrando a regulacio da secrecao acida gastrica hormonal e
paracrina, esclarecendo as funcoes dos receptores de colicistocinina (CCK-1 e CCK-
2). A gastrina estimula a secre¢do dcida gdstrica diretamente na célula parietal via
receptores CCK-2 e, indiretamente pela ligacdo aos receptores CCK-2 nas células ECL,
estimulando a secrecdo de histamina. A colicistocinina (CCK), liberada de células
duodenais em resposta aos nutrientes da dieta, interage tanto com o receptor CCK-1 nas
células D antrais e oxinticas para a libera¢do de somatostatina, como com o receptor CCK-
2 das células ECL e parietais. O efeito da ativacdo do receptor CCK-1 predomina. Assim, o
efeito da colicistocinina, fisiologicamente, € a inibicdo da secre¢do acida. (H2 — receptor
H2 de histamina; SST2 — receptor de somatostatina do tipo 2; CCK — colicistocinina; CCK-
1 — receptor de colicistocinina do tipo 1; CCK-2 — receptor de colicistocinina do tipo 2)
(Figura adaptada de ref.77).
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> H',K'-ATPase: A H'K'-ATPase é uma bomba de prétons responsdvel pela
secre¢do dcida gdstrica. A subunidade responsavel pela troca de H" por K™ a custa de ATP,
possui 10 segmentos transmembrana. A subunidade € uma glicoproteina com sua maior
parte no espaco extracelular. Esta subunidade contém oligossacarideos, 6 residuos de
cisteina com 3 pontes dissulfeto, e dobras protéicas intrinsecas que sdo essenciais para a
estabilidade estrutural e funcional da H'K™-ATPase (106). As H'K*-ATPases sdo estocadas
em tubulovesiculas citoplasmadticas nas células parietais.

Quando ocorre um estimulo, as tubulovesiculas se fundem com a membrana apical e a
H'K"-ATPase se torna ativa para secretar o acido. Quando o estimulo é cessado, as bombas
sdo recicladas e voltam para o compartimento citoplasmaético.

Os inibidores da bomba de prétons produzem seu efeito por ligar-se apenas nas bombas
inseridas na membrana apical (77, 90).

Processo de regeneracao tecidual

> Resposta inflamatoéria

Alguns agentes, incluindo os dcidos fracos ndo ionizaveis em etanol, danificam a mucosa
gdstrica e causam aumento expressivo no desaparecimento do 4cido do limen gastrico.
Estudos demonstraram evidéncias da relacio do HCO; intersticial e plasmadtico
neutralizante do 4cido intraluminal, com a mucosa danificada por injdrias. Esta relacdao
deve ser distinguida do metabolismo dependente do transporte de HCO3;  da mucosa ndo
injuriada, mas foi determinada a importancia do reparo da mucosa pela manuten¢dao do pH
neutro abaixo da mucosa e acima do epitélio. Esta camada entre a mucosa e o epitélio tem
acdo protetora primeiramente devido a uma espessa camada de gel de fibrina ligando o
fibrinogénio plasmético com o HCOjs' intersticial e que € distinta do muco gel aderente que
cobre a mucosa nao danificada (49).

Um dos eventos celulares mais importantes no comeco do processo inflamatério € a
migracdo de um grande nimero de neutréfilos no local inflamado. Os neutréfilos em
granulagdo amplificam a resposta imunoldgica pela clivagem enzimdtica de proteinas da
matriz extracelular. A remocao dos neutréfilos do local inflamado envolve apoptose e
reconhecimento pelos macréfagos. Essa remog¢ao de células sem liberacdo dos contetidos de

granulacdo € necessdria para cessar a inflamacdo. Ativacdo da apoptose nos neutrofilos
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pode levar a limitagdo do tecido injuriado associado com inflamag¢do e pode ser muito ttil

para o tratamento de doencas cronicas inflamatdrias como artrite reumatéide (107).
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Resumo

Esta revisdo trata dos estudos sobre as proteinas de soro de leite e derivados do coldgeno
em modelos de cancer e tumorigénese. O efeito em diversos modelos de cancer,
principalmente de célon, foi evidenciado como positivo para as proteinas de soro de leite.
Para o coldgeno foram encontrados estudos mencionando seu efeito no ciclo celular, e
atividade proliferativa, sugerindo um epitopo do coldgeno tipo IV que poderia ser
responsdvel pela atividade anti-tumoral. O ciclo celular, a morte programada da célula
(apoptose), a via das enzimas caspases, angiogénese e terapias contra o cancer sao descritos
com o objetivo de melhor compreensdo dos estudos posteriormente realizados in vitro e in
vivo com células B16F10 utilizando coldgeno hidrolisado e um isolado de proteina de soro

de leite.

Palavras-chave: soro de leite, colageno, hidrolisado enzimatico, tumorigénese

Summary

This review report on studies with whey proteins and collagen protein derivatives in cancer
and tumor models. The effect in various cancer models, mainly in colon cancer, was
verified as positive for whey proteins. For collagen the studies showed an effect in cell
cycle, proliferative activity, suggesting an epitope of collagen type IV responsible for anti-
tumoral activity. The cell cycle, programmed cell death (apoptose), caspase route,
angiogenesis and therapies against cancer were described in order to better understand the
studies conducted latter, both in vitro and in vivo using B16F10 cells evaluating the activity

of collagen hydrolysates and a whey protein isolate on these cells.

Key-words: whey protein, collagen, hydrolysates enzymatic, tumorigenesis
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INTRODUCAO
Tumorigénese

A incidéncia de cancer, a exce¢do do cancer de pele, mostra no Brasil taxas por
100.000 pessoas, maior para os estados de Sao Paulo, Mato Grosso do Sul, Parand, Santa
Catarina e Rio Grande do Sul (197 a 389 habitantes) e menor incidéncia para o Acre, Par4,
Maranhao, Piaui, Rio Grande do Norte, Paraiba, Alagoas (50 a 87 habitantes) (INCA,
2006).

A implementagdo das acdes nacionais voltadas para a prevencdo e controle do
cancer depende diretamente das atividades relacionadas a vigilancia que sdo realizadas com
base nas informacdes obtidas dos Registros de Cancer de Base Populacional (RCBP),
supervisionadas pelo Instituto Nacional de Cancer (INCA/MS), e do Sistema de Informacao
sobre Mortalidade (SIM), do Ministério da Sadde, centralizado nacionalmente pela
Secretaria de Vigilancia a Satde — SVS/MS (INCA, 2006).

Cerca de 400 a.C., na Grécia, Hip6crates foi o primeiro a descrever a palavra “carcinos” e
“carcinoma” definindo, nessa época, o cincer como uma doenca de mau progndstico
(COELHO, 2003 apud BRENTANTI et al., 2003 p.3).

A carcinogénese refere-se ao desenvolvimento de tumores malignos, estudada com

base nos fatores e mecanismos a ela relacionados (GUYTON, 2002).
Avancos vém sendo obtidos na ultima década nas técnicas da drea da biologia e
metabolismo molecular e celular. A variacio e a exposicdo a alguns marcadores
moleculares e bioldgicos vém sendo avaliadas na epidemiologia molecular, bem como no
diagndstico, tratamentos e avaliagdes clinicas. A suscetibilidade ao cancer depende do
metabolismo individual aos compostos carcinogénicos, capacidade de reparo do DNA,
alteragdes nos protooncogenes, genes supressores de tumor e fatores imunoldgicos
(COELHO, 2003 apud BRENTANTI et al., 2003 p.7).

Estima-se que seja necessario a ocorréncia de quatro a seis alteragdes genéticas em
diferentes genes para o desenvolvimento de um tumor maligno (KOWALSKI e
KOWALSKI, 2003 apud BRENTANI et al., 2003 p.55).

O cancer é hoje a segunda causa de morte por doenca, com a necessidade de

conhecimento sobre sua etiologia, prevencdo e tratamento. A grande dificuldade em
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discutir o controle do cancer reside na propria natureza multifatorial da doenga, em seus
reflexos na sociedade e no significado pritico da palavra controle. A origem do cancer €
simultanea a do préprio individuo, estando intensamente relacionada aos seus hdbitos de
vida, cultura e exposi¢do temporal a fatores ambientais.

Resumidamente, os fatores de risco podem ser de natureza ambiental, ocupacionais,
medicamentos, hdbitos sexuais, exposi¢do a radiacdes, ou de natureza constitucional
(moleculares, hereditdrios e suscetibilidade genética). Dentre os fatores de risco
relacionados a alimentag@o temos o alcoolismo (tumor da cavidade bucal e faringe), peixes
e alimentos conservados em sal (tumor na nasofaringe), sal e alimentos salgados e
apimentados (tumor de estdbmago), carne e gordura animal (tumor de pancreas, colon/ reto,
prostata), alimentos contaminados com aflatoxina (tumor de figado), excessivo consumo de
alimentos levando a obesidade (tumor de mama e de rim) (COELHO, 2003 apud
BRENTANI et al., 2003 p.3).

Embora o cancer de pele (carcinoma) seja o tipo de cancer mais freqiiente,
correspondendo a cerca de 25% de todos os tumores malignos registrados no Brasil, quando
detectado precocemente este tipo de cancer apresenta altos percentuais de cura. As
neoplasias cutineas estio relacionadas a alguns fatores de risco, como o quimico (arsénico),
a radiacdo ionizante, processo irritativo cronico (dlcera de marjolin), genodermatoses
(xeroderma pigmentosum etc) e principalmente a exposi¢do aos raios ultravioletas do sol. O
cancer de pele € raro em criangas e negros, sendo mais comum nos individuos de pele clara,
sensivel a acdo dos raios solares, com doengas cutineas prévias (INCA, 2006). Somente no
Estado de S@o Paulo, um estudo mostrou que as neoplasias sdo responsaveis por cerca de
12% dos 6bitos registrados na populacio adulta (COELHO, 2003 apud BRENTANI et al.,
2003 p.3). Os tipos de cancer mais incidentes por ordem decrescente sdo: de pele, mama
feminina, proéstata, traquéia/ bronquio e pulmdo, estdmago, cdlon e reto, colo de utero e
boca (COELHO, 2003 apud BRENTANI et al., 2003 p.3).

Como a pele é um tecido heterogéneo, esse tipo de cancer pode apresentar
neoplasias de diferentes linhagens. Os tumores malignos do tecido epitelial podem ser de
origem de revestimento (carcinoma) e glandular (adenocarcinoma). Os mais freqiientes sao:

carcinoma basocelular, responsdvel por 70% dos diagndsticos de cancer de pele, o
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carcinoma epidermdéide com 25% dos casos € 0 melanoma, detectado em 4% dos pacientes.
Felizmente o carcinoma basocelular, mais freqiiente, € também o menos agressivo (INCA,
20006).

O melanoma maligno de pele de acordo com dados do INCA, teve sua maior
freqiiéncia em 2006, variando, segundo a Unidade da Federacdo, de 2,24 a 8,58 para
100.000 individuos residentes na regido Sul e Sudeste, exceto o estado de Minas Gerais
(INCA, 2006).

A integridade de um determinado tecido, assim como a sua fung¢do, € conferida por
um equilibrio estabelecido entre proliferacdo e morte celular. Esse equilibrio € mantido por
meio de um complexo sistema de sinalizacdo intra e extracelular. Quando esse equilibrio é
perdido, as células passam a se proliferar de forma andmala, formando uma massa de
células desordenadas que constituem um tumor primdrio. As células tumorais sdo capazes
de se dividir na auséncia de sinais positivos para a proliferacio e apresentam morfologia e
comportamento alterados. No processo de progressdao tumoral, algumas células do tumor
primdrio perdem a capacidade de adesdo, invadem a membrana basal do tecido de origem
por meio da producdo de enzimas proteoliticas, atravessam a parede dos vasos sangiiineos,
caem na circulacdo e formam dreas de proliferacio em outros tecidos. A metdstase &
definida como o comprometimento a distancia, por uma parte do tumor que ndo guarda
relacdo direta com o foco primdrio (KOWALSKI e KOWALSKI, 2003 apud BRENTANI
et al., 2003 p.55; GUYTON et al., 2002).

A perda do controle da proliferacdo e a aquisicdo de caracteristicas associadas com
a progressdo tumoral sdo conseqiiéncias de alteracdes que ocorrem no conteido genético
das células tumorais (CAMARGO e COSTA, 2003 apud BRENTANI et al., 2003 p.71). A
célula alterada sofre uma expans@o clonal, transmitindo geneticamente a alteracdo para
todas as células, que a partir dela, se originaram. Cada nova alteragdo ¢ acompanhada de
uma nova onda de expansdo clonal e, ao final desse processo, surge uma populacdo celular
com grande potencial de crescimento e invasdo, um tumor maligno. As alteragdes genéticas
relacionadas ao cancer podem ser herdadas ou adquiridas somaticamente durante a vida do

individuo.
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No estudo de Klose (KLOSE et al., 2006) foram avaliados tanto os niveis de
transcri¢do da catepsina B, como dos seus inibidores naturais, cistatinas B e C, que foram
alterados pela interacdo das células de melanoma com o coldgeno tipo I (KLOSE et al.,
2006). A catepsina B € uma cisteino protease lisossomal com atividade exopeptidase.
Entretanto, a expressao protéica e localizac@o celular da catepsina B e seus inibidores foram
marcantemente afetados. Ao contrario das células de melanoma humano com baixo poder
invasivo (SKmel 23, WMI164), aquelas com alto poder invasivo (MV3) liberaram
procatepsina B quando cultivadas somente em meio de cultura. Também foi observado, que
o contato das células invasivas com o coldgeno tipo I fibrilar resultou em liberacdo de
ambas as formas maduras de protease. A expressdo das proteinas cistatinas B foram
significativamente reduzidas nas células com alto poder invasivo em ambas as condi¢des de
cultura, quando comparadas com as células de baixo poder invasivo. A expressdo da
cistatina C foi comparativa em todas as células, mas o contato celular com o coldgeno tipo I
fibrilar induziu sua expressdo. Esses resultados mostram fortemente o papel do contato
celular com o coldgeno tipo I fibrilar, levando a interacdes célula-matriz extracelular que
regula a atividade da catepsina B em células de melanoma humano (KLOSE et al., 2006).

A responsabilidade do governo em conscientizar a sociedade sobre os métodos
preventivos e de controle deve ser tratada com seriedade, a fim de combater a segunda
causa de morte por doenca, o cancer. A hipotética erradicacio total do cancer, utilizando-se
medidas preventivas e terapéuticas, significaria um ganho de 2,5 anos na média da
expectativa de vida da populacdo norte-americana. Especificamente para os 25% da
populacdo que deixaria de ter cancer, a expectativa de vida seria prolongada em 10 a 15
anos (BRENTANI et al., 2003).

Efeito da proteina de soro de leite bovino na tumorigénese

O soro do leite bovino € subproduto da fabricacdo do queijo, sendo riquissimo em
proteinas e lactose, o que o torna um suplemento alimentar importante. Porém, o soro
obtido nessas industrias ndo se presta a fabricacdo de suplementos alimentares, ja que o
leite € coagulado a altas temperaturas. Este procedimento, que separa a caseina (matéria-
prima do queijo) e o soro, tem fun¢do bactericida, mas também desnatura as proteinas do

soro, que perdem propriedades funcionais importantes (MAUBOIS e OLIVIER, 1997). As
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proteinas do soro, principais proteinas do leite podem ser isoladas por meio da manipulagdo
de suas propriedades fisicas, seguido do uso de tecnologias especificas de separacdo. O
soro contém uma mistura rica e heterogénea de proteinas com atributos funcionais,
podendo ser utilizados para fins nutricionais, bioldgicos e em alimentos (DIAS, 2004).

A proteina concentrada de soro de leite bovino € obtida a partir do soro do leite
pasteurizado e desnatado separado por centrifugacdo depois da precipitagdo das caseinas
em pH 4,6 e em temperatura de 20°C, e da fase aquosa que € separada do leite pela retragio
do codgulo enzimdtico de caseinas, na fabricacdo de queijo. Os soros obtidos nessas
condicdes sdo referidos como soros dcido e doce, respectivamente (MARSHALL, 2004). A
concentracdo das proteinas do soro pode ser feita por ultrafiltracdo, adsor¢do ou troca
10nica, precipitagdo com polifosfato ou filtracdo em gel, freqiientemente associada com a
desmineralizagdo e cristaliza¢do da lactose. O soro € separado em duas partes: permeado e
retentado. O permeado, composto basicamente de lactose pode ser usado para o isolamento
deste dissacarideo, enquanto que a solu¢do remanescente contém vitaminas e minerais que
poderdo ser incorporadas em racdo animal. O retentado, usado na fabricacdo do
concentrado de proteina de soro de leite bovino, é formado por 85% de proteina e 15% de
lactose, de minerais e vitaminas. O retentado passa por uma lavagem com &dgua pura na
mesma membrana (diafiltracdo), para concentrar as proteinas e eliminar a0 maximo os
outros componentes. O emprego de tecnologias de membranas (ultrafiltracio / diafiltracdo)
permite a obtencdo de concentrados protéicos de soro de leite com mais de 80% de
proteinas, sem que ocorra desnaturacdo que prejudique as propriedades imunoldgicas das
proteinas mais termoldbeis. Depois € desidratado por liofilizagdo e da origem ao
concentrado ou isolado de proteina de soro de leite bovino em p6 (MAUBOIS e OLIVIER,
1997).

E extremamente interessante investigar a protefna de soro de leite bovino como
alimento e/ou ingrediente funcional, a qual teria impacto na saide dos individuos ndo
somente pelos aspectos nutricionais, mas também através de modulagdes metabdlicas,
melhoria na sadde, reducdo do risco de infec¢Oes, doengas degenerativas e crOnicas para
um aumento de qualidade de vida e longevidade (MCINTOSH et al., 1998; SGARBIERI e
PACHECO, 1999;SGARBIERI, 1999a; 1999b).

53



Existe na literatura evidéncia de que componentes do leite t€m uma importante acao
fisiologica inibitdria sob determinadas rotas metabdlicas. Proteinas de soro de leite bovino
estdo relacionadas com inibi¢do do crescimento tumoral, inibicdo de lesdes digestivas e
efeito anti-hipertensivo (BORNSTEIN e SAGE, 2002).

Estudos sobre alteracdes na fisiologia promovidas pelas proteinas do leite (soro e
caseina) e seus hidrolisados mostram que: concentrado de proteina de soro (WPC) tem a
capacidade de reduzir o nivel de colesterol hepético e no sangue, em ratos (JACOBUCCI,
1999; JACOBUCKCI et al., 2001); WPC e seus hidrolizados inibem lesdes ulcerativas
causadas por etanol e por indometacina em ratos (ROSANELI, 2002; ROSANELI et
al.,2002); estimulam a sintese de glutationa em vdrios 6rgaos de ratos e camundongos;
inibem o desenvolvimento de céincer de cdlon induzido por azoximetano, em ratos;
estimulam a producdo de anticorpos (IgM) em camundongo apds imuniza¢do com
eritrocitos de carneiro (DIAS, 2004; SGARBIERI et al., 2000); a ingestao de WPC leva ao
aumento dos niveis de glutationa e ao aumento da popula¢do de linfécitos TCD4" em
criangas infectadas com HIV-1 (MORENO, 2002).

Lactoferrina é uma proteina isolada do leite, com 80 KDa de massa molecular, uma
glicoproteina ligante do ferro, que também pode ser encontrada na secrecio mamdria,
lagrimas, saliva e plasma seminal da espécie humana e em vacas. O leite bovino contém
aproximadamente 2-20 mg/L de lactoferrina. A lactoferrina enddgena tem sido utilizada
como marcador de diarréia e inflamacgdo intestinal e também no diagndstico de cancer e
prognostico do comportamento do tumor. H4 varios estudos sobre a investigacdo génica de
expressao da lactoferrina. Tem sido mostrado que o cddigo génico da lactoferrina estd em
uma regido que contém vdrios genes supressores de tumor. O efeito anti-tumoral da
lactoferrina e de seus fragmentos ocorre basicamente devido a acdo antimicrobiana,
antiviral, antioxidante, anti-angiogénese, de estimulacdo imune, anti-proliferativa e de
protecdo ao tratamento de cancer nos seus diferentes estdgios de inducdo, metdstase e
terapia. A administracdo exdgena de lactoferrina pode contribuir positivamente no
tratamento do cincer (WAARD e BELZEN, 2003).

Estudos com roedores demonstraram que em cancer de c6lon a incidéncia (nimero

de animais com tumor em um determinado grupo de estudo) e multiplicidade (nimero de
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tumores por animal) tumoral reduziu mediante o tratamento com lactoferrina. A dieta com
0,02-2% de lactoferrina inibiu a formag@o do tumor. Também a lactoferrina inibiu o
desenvolvimento do carcinoma de cdlon. Os efeitos quimiopreventivos da lactoferrina
também foram demonstrados em carcinogénese de pulmdo e eso6fago. Em adi¢do, esta
proteina também inibiu a tumorigénese de lingua e bexiga, assim como a metdstase em
modelos animais. Em outro modelo de células transplantadas, de carcinoma murino houve
metdstase para o pulmdo. Estas células foram transplantadas por via subcutinea nos
camundongos e simultaneamente administrando 300mg/Kg/dia de lactoferrina, observando-
se uma reducdo de metdstase no pulmd@o. Também neste mesmo modelo quando a
lactoferrina foi administrada por via parenteral (1mg/ animal), também se observou a
inibicdo da metéstase. A lactoferrina foi também avaliada em tumor de célon promovido
com azoximetano e o nimero de criptas aberrantes e a tumorigénese foi inibida. O papel da
lactoferrina na tumorigénese contra a formacdo de tumor e metastase in vivo foi verificada
em vdrias formas de administra¢do e modelos (WAARD e BELZEN, 2003).

Alguns estudos mostraram efeito positivo da proteina de soro de leite quanto a
atividade anti-tumoral. A resposta imune humoral de camundongos alimentados com 20g
de concentrado de proteina do soro de leite bovino por 100g de dieta foi significativamente
maior do que de animais alimentados com uma dieta nutricionalmente similar. Apos 24
semanas de tratamento com o agente carcindgenico azoximetano, a incidéncia de tumores
nos camundongos alimentados com a proteina de soro foi substancialmente menor
comparando com outras dietas. A drea tumoral foi menor para os grupos da proteina de
soro, mas o ganho de peso corpdreo foi similar ao dos outros grupos estudados. A resposta
obtida por PFC (plaque forming cell) em resposta a eritrocitos do sangue de carneiro foi
maior também nos grupos alimentados com a proteina de soro apds 20 semanas de
tratamento com o agente carcinégeno quando comparado com proteina de soja e caseina. A
dieta com proteina de soro de leite parece inibir significativamente a incidéncia e o
crescimento tumoral de cancer de c6lon provocado por agente carcinogé€nico. A resposta
imunoldgica e a propriedade inibitdria foi bem maior quando comparado com as proteinas

de soja e caseina (DIAS, 2004; SGARBIERI et al., 2000).

55



Uma das teorias citadas a respeito da origem do cancer leva em conta a fungdo
protetora exercida pela glutationa (GSH), agindo como antioxidante, desintoxicante e
também relacionada a prevencdo do cancer. Varios ensaios com animais demonstraram que
o concentrado de proteinas de soro exerce efeito anti-carcinogénico. Isso se dd via aumento
nas concentragdes de GSH nos tecidos, podendo exercer efeito inibidor de tumores
menores, via estimulacdo da imunidade por meio da produ¢do da GSH. A producdo de
radicais de oxigénio € um passo critico na carcinogénese e assim, a eliminacio desses
radicais € importante para a prevencdo da doenca (CRINNION, 2000; BOUNOUS, 1989
apud MARSHALL, 2004). A atividade antioxidante da proteina do soro € possivelmente
devido a contribuicdo da cisteina (cys) na sintese de GSH (glutationa). A cys tem o grupo
tiol (sulfidrila) que contribui como agente redutor ativo na prevencio da oxidacdo e dano
tecidual (HOJO, 1986 apud MARSHALL, 2004).

BOUNOUS et al. (1983) discutem o efeito anti-tumoral da proteina de soro de leite
em funcdo dos aminodcidos precursores de glutationa, estimulando um aumento do nivel de
glutationa nos tecidos, uma estimulagdo imunoldgica e a desintoxicacdo de carcindgenos
potenciais. Ainda atribuem este efeito da proteina de soro de leite, a sua capacidade ligante
ao ferro, o ferro agindo como agente mutagénico causando danos oxidativos aos tecidos.

Muitos estudos com animais apontam em cancer de célon induzido, que as proteinas
de soro reduziram a incidéncia de tumores e também de criptas aberrantes, quando
comparado com proteina de soja o mesmo efeito ndo € observado. GOODMAN e
SCHAMBACHER (1991) demonstraram que lactoferrina tem a habilidade de inibir
metastase de tumores primdrios em camundongos, tendo a albumina do soro bovino (10-
15% do total de proteina de soro) uma a¢do inibitéria no crescimento de células de cancer
mamdrio in vitro. Estudo em hamster (CLARKE et al., 2002 apud MARSHALL, 2004)
demonstrou que fracdes de soro de leite bovino teve a habilidade de prevenir a mucosite
induzida pelo tratamento quimioterapico com 5 Fluoracil. Esta protecdo parece ter ocorrido
devido ao fator de transformacdo do crescimento (TGF-beta), o qual reduz a proliferacao
das células epiteliais basais. Outro estudo in vitro feito por KENT et al. (2003) apud
MARSHALL (2004) demonstrou que a proteina isolada de soro de leite bovino, quando

comparada com a caseina, aumentou a sintese de glutationa e protegeu as células de
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préstata humana contra um agente oxidante celular letal. Outro estudo mencionado em
(TSAI et al. 2000 apud MARSHALL, 2004) também conduzido in vitro, com células
humanas hepdticas, foi realizado com proteina de soro de leite com alta concentracdo de
lactoferrina (Immunocal) em comparag¢do com baicaleina e também a combinacdo dos dois.
A baicaleina ¢ uma potente droga anti-cancer, um flavondide extraido da Scutellaria
revularis, com alegacdo de efeito anti-tumoral. O Immunocal administrado sozinho
apresentou um impacto significativo nas cé€lulas hepdticas, entretanto quando este foi
combinado com baicaleina ocorreu um efeito citotéxico melhorado devido a indugdo a alta
taxa de apoptose, em comparacdo ao grupo tratado somente com baicaleina (TSAI et al.
2000 apud MARSHALL, 2004).

Um estudo realizado com 7 pacientes, sendo 5 pacientes com carcinoma metastatico
de mama, um com cancer pancredtico e outro com cancer de figado, quando receberam 30
g de proteina concentrada de soro de leite bovino IMMUNOCAL) por 6 meses, observou-
se em seis pacientes que a GSH dos linfécitos sanguineos aumentou inicialmente,
sugerindo altos niveis de GSH nos tumores. Apds completado o estudo, dois pacientes
mostraram sinais de regressdo do tumor e os niveis de GSH nos linf6écitos normalizaram.
Outros dois pacientes mostraram estabiliza¢do do tumor, também com niveis normais de
GSH. Trés pacientes apresentaram progressao do tumor, com altos niveis de GSH. Devido
a estes resultados, mais estudos sdo necessarios para conclusdes sobre a administracdo de
proteina de soro de leite em conjunto com quimioterapico em humanos (KENNEDY et al.,
1995 apud MARSHALL, 2004).

Em um estudo clinico recente, 20 pacientes em estdgio IV de malignidade (paciente
com cancer de bexiga, 5 de mama, 2 de prdstata, 1 neuroblastoma, 1 ovério, 1 géstrico, 3 de
cOlon, 2 mesotelioma, 2 linfoma, 2 pulmdo e 1 osteosarcoma) receberam 40 g/ dia de
concentrado de proteina de soro de leite ndo desnaturada e 50-100 g/dia aplicacdo
intravenosa de Transfer Factor Plus (um suplemento com componentes imunoativos) e 1-2
g/ dia oral de 4cido ascdrbico, Agaricus blazei tea, um multivitaminico, 500mg
Andrographis paniculata duas vezes ao dia e um extrato de soja durante seis meses. Apos 6
meses, houve 16 sobreviventes, todos com significativo aumento da fun¢do das células

“natural killer” (NK) e alto nivel de hemoglobina e hematdcitos. A qualidade de vida destes
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pacientes melhorou durante o tratamento, entretanto nenhum estudo foi feito comparativo
com um grupo administrando somente soro de leite (SEE et al. 2002 apud MARSHALL,
2004).

O efeito modulador da resposta imune promovido pelas proteinas de soro foi
observado em camundongos de vérias linhagens com idade aproximada de 7 semanas a 6
meses, alimentados com dietas contendo 20% de proteina com tumores induzidos por
azoximetano. O grupo que recebeu soro lacteo apresentou maior resposta imune humoral.
Na fase avancada da doenca a resposta imune caiu bastante, para todos os grupos. O
aumento consideravel nos niveis de GSH no cdlon, obtido por ingestdo de proteina de soro,
foi associado a diminui¢do nos tumores, em experimento em carcinoma humano de célon,
sugerindo que os niveis de GSH modulam a formacdo do tumor (DIAS, 2004).

A albumina sérica bovina inibiu a produgdo de estrégenos em meio contendo células
humanas de cancer de mama. A adi¢do de proteina de soro de leite em cultura de células
cancerosas de prostata e mama apresentou significante reducdo no crescimento celular,
apOs 24 horas de incubagdo. A incubagdo com d-lactalbumina promoveu apoptose seletiva
em células de cancer humano. Este efeito foi associado ao alto teor de cisteina nestas
proteinas (DIAS, 2004).

O efeito dos derivados de colageno na tumorigénese
> matriz extracelular e colageno

A capacidade das células malignas destruirem a membrana basal e os demais
componentes da matriz extracelular (MEC) tem sido relacionada ao potencial invasivo
destas neoplasias (JUHASZ, 2000). Pesquisas realizadas utilizando-se de marcadores para
os componentes da MEC bem como das enzimas metaloproteinases (MMPs) relacionadas a
sua degradac¢do vém contribuindo para compreensdo do comportamento bioldgico e clinico
dos carcinomas de cabeca e pescoco. Nos estudos de Thomas et al.( THOMAS et al., 1999)
constam que o aumento na producdo dessas enzimas associa-se com o fendtipo metastatico
e invasivo em muitos tumores e, conseqiientemente, com o comportamento tumoral e
progndstico.

A influéncia da MEC no comportamento das neoplasias ocorre em Vvarios mecanismos

relacionados a proliferacdo, progressao e invasao tumoral (KOIVISTO, 2000).
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Quando carcinomas epiderméides de cabeca e pescogco encontram-se em desenvolvimento,
o tecido adjacente sofre varias alteracOes como lise do estroma com degradacdo da MEC,
fato este considerado o caminho preparatério para invasdo tumoral (THOMAS et al., 1999;
RICH e READ, 2001). Adicionalmente, tal estrutura pode ter um papel mais ativo durante a
carcinogénese por induzir angiogénese e producdo de fatores de crescimento, estimulando
dessa forma a proliferacao das células neoplasicas (WERNERT, 1997).

Durante o processo de invasdo tumoral, as células neoplésicas atravessam dois tipos de
matriz (membrana basal e estroma intersticial) e reacdes bioquimicas entre células normais
e a MEC influenciam no processo de invas@o tumoral em neoplasia (WILSON, 1999).

De acordo com Miranda (MIRANDA, 2002) os constituintes da MEC contribuem
diretamente ou indiretamente ao processo de tumorigénese, pelo fato dessa estrutura conter
componentes potencialmente anti-adesivos, moduladores de adesdo, proliferacdo e
migracdo celular. Adicionalmente esses autores relataram que a MEC pode regular o
comportamento celular por varios mecanismos: primeiro através da composicdo de suas
proteinas em um determinado tecido e segundo por interagdes sinérgicas entre fatores de
crescimento e moléculas de adesdo ou por receptores celulares que mediam a adesdo de
seus componentes.

Miranda (MIRANDA, 2002) analisou a correlacdo do padrio de expressio de vdrias
proteinas da MEC, como laminina, coldgenos I e IV, fibronectina e tenascina em
carcinomas epidermoéides de 1abio inferior e de lingua com gradacdes histologicas variadas,
e observou que o coldgeno IV e a laminina estavam ausentes na membrana basal dos ninhos
celulares neopldsicos na maioria dos casos estudados e quando presentes a marcagdo era
fraca. A fibronectina esteve imunomarcada em todos os casos estudados e a tenascina
expressou-se de forma intensa em membrana basal epitelial, na maioria dos casos
estudados, estando presente também no estroma peritumoral, predominando fraca
intensidade no ldbio e de moderada a forte na lingua.

Para o coldgeno I, foi observada expressdao focal em ambos grupos de carcinomas, com
fraca intensidade de reacdo e padrdo predominantemente fibrilar e desorganizado. O autor

(MIRANDA, 2002) sugeriu entdo que os carcinomas epidermoéides de lingua possuem
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maior potencial de invasividade e comportamento mais agressivo quando comparados com
os de l4bio inferior.

Existem cerca de 15 tipos de coldgeno conhecidos (CARVALHO e PIMENTEL, 2001). E a
proteina mais estudada, pois € a mais bem distribuida em mamiferos, possue longas cadeias
de glicina e prolina que formam uma rigida fita tripla helicoidal. O coldgeno formador de
fibrilas € o do tipo I (que associados ao do tipo V forma pele, ossos, tenddes, ligamentos,
tecido frouxo etc), do tipo II (forma a cartilagem hialina e a elastica e pode associar-se com
o do tipo XI) e do tipo III (que forma as fibras reticulares). Os coldgenos associados as
fibrilas sdo os do tipo IX e XII, que fazem a ligacdo entre fibrilas e entre outros
componentes da matriz. Existem ainda os coldgenos formadores de redes, como o do tipo
IV, que forma a lamina basal, e o do tipo VIL

A sintese do coldgeno comecga nos ribossomos aderidos a membrana, que a partir dai
crescem no sentido de entrar no reticulo endoplasmatico (RE). Forma-se, entdo, 3 cadeias
polipeptidicas , com aminoécidos terminais (pré-peptidios). No RE, a prolina e a lisina
sofrem hidroxilacdo e algumas lisinas sdo glicosiladas (modificagdes poés-traducionais).
Com isto, ha formacdo do pré-coldgeno, auxiliado pelos peptidios de registro. Ao deixar a
célula, o procolageno se transforma em coldgeno (CARVALHO e PIMENTEL, 2001).

As moléculas de coldgeno sdo constituidas, em sua maioria, por trés cadeias, denominadas
a, arranjadas de tal forma que aproximadamente 95% da molécula corresponde a tripla
hélice. Geralmente, as extremidades ndo estdo em conformacgdo helicoidal, favorecendo a
ocorréncia de ligagdes cruzadas. Cada cadeia contém repeticoes de uma seqiiéncia
caracteristica de aminodcidos, formada por Gly-X-Y, onde X e Y, podem ser qualquer
aminodcido, mas X € freqiientemente prolina e Y, uma hidroxiprolina. Uma outra
caracteristica destas moléculas é que elas podem ser glicosiladas. A glicosilacido ocorre nos
residuos de hidroxilisina e € varidvel de acordo com os tipos de coldgeno. Parece haver uma
correlacdo entre glicosilagdo e didmetro das fibrilas de coldgeno, de forma que quanto
maior os pontos de glicosilagdo, tanto menor o didmetro das fibrilas de coldgeno. A
hidroxila¢do dos residuos de lisina e prolina € um evento de fundamental importancia para
a formacdo das moléculas de colidgeno e para o desempenho das suas fungdes

(CARVALHO e PIMENTEL, 2001).
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Na pele, coldgenos tipos I e III contribuem com 85 a 90% e 8 a 11% do coldgeno total
sintetizado, respectivamente. O &4cido L-ascorbico (AA) é co-fator para duas enzimas
essenciais na biossintese do coldgeno. Conseqiientemente, a hidroxilagdo é uma fase critica
na biossintese de coldgeno, uma vez que regula a formacgdo da tripla hélice, da excrecao do
procoldgeno e das ligagdes cruzadas do tropocoldgeno.

Trabalho recente (MANELA-AZULAY et al. , 2003) demonstrou que, embora a
capacidade proliferativa e a sintese de coldgeno sejam dependentes da idade, o 4cido
ascorbico € capaz de estimular a proliferacdo celular, bem como a sintese de coldgeno pelos
fibroblastos dérmicos, independente da idade do individuo. O AA foi capaz de vencer a
capacidade proliferativa reduzida dos fibroblastos dérmicos de individuos idosos (78-93
anos), assim como aumentar a sintese de coldgeno em niveis similares aos de células de
recém-natos (trés a oito dias de vida). Esses resultados sugerem que os niveis basais
reduzidos da sintese de coldgeno em "células maduras" ndo sdo devidos a niveis reduzidos
de m-RNA dos coldgenos I e III, mas sim a eventos reguladores pds-translacionais. Sendo
assim, uma vez que o AA € capaz de superar a proliferacio diminuida dos fibroblastos
dérmicos na pele envelhecida e, a0 mesmo tempo, induzir a sintese de coldgeno tipos I e
II1, ele deve se mostrar vantajoso e beneficiar o processo de cicatrizagao.

Um coldgeno sintetizado (KOTCH e RAINES, 2006) foi obtido a partir de fragmentos
pequenos, tendo sido as trés cadeias ligadas, surpreendentemente por pontes dissulfeto.
Andlises por espectrometria, ultracentrifugac@o analitica, microscopia de forca atdomica e de
feixe de elétrons mostraram que essas cadeias (fragmentos) interagiram via formacio de
tripla hélice intermolecular, essa tripla hélice derivada de peptidios sintéticos sdo bem
menores (<10nm) que o coldgeno natural (~300nm) limitando sua aplicacdo (KOTCH e
RAINES, 2006). O resultado se assemelha muito ao coldgeno natural, e alguns sdo mais
longos (>400nm) que qualquer coldgeno conhecido (KOTCH e RAINES, 2006).
Especificamente, foram preparados fragmentos de coldgeno I e II nos quais trés cadeias
helicogénicas foram ligadas por um par de ligacdes dissulfeto de cisteina, o grupo tiol
desprotegido da cadeia a1 reagiu com nitro-pyridinesulfenyl-tiol (p-Npys-tiol) ativado na
resina, ligado a cadeia 02 em tampdo aquoso para formar o heterodimero ala2. O

heterodimero ndo foi protegido e seu grupo tiol foi ativado com nitro-pyridinesulfenyl-
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cloreto (0-Npys-Cl) e reagido com outra cadeia também ndo protegida (alal’). A reacdo
ocorre em um suporte solido, sendo esse acrilamida polietilleno glicol copolimerizada a
resina (KOTCH e RAINES, 2006).

O colageno sintetizado mimetiza a estrutura € o comportamento térmico do coldgeno
natural. O controle sobre a estabilidade e em alguma extensdo, do comprimento das
interacdes foi alcancada pela modulacdo da composi¢do de aminodcidos, temperatura e
solvente da reacdo. Foi notério que a estratégia de auto interacdo utilizada para fornecer as
fibrilas de coldgeno de 1nm de didmetro e proximo de 1um de comprimento foi somente
composto de trés a quatro aminodcidos proteinogénicos. Fragmentos como 1 e 2 podem ser
sintetizados quimicamente para expressar motivos que promovam adesdo celular para
engenharia de tecidos, empacotamento lateral para promover arquiteturas di ou
tridimensionais e coordenacdo metdlica para producdo de nanofios, sendo modelos para
materiais de biomedicina e nanotecnologia (KOTCH e RAINES, 2006).

A degradacdo da MEC se constitui em um evento essencial em muitos processos
fisiol6gicos como durante o desenvolvimento embriondrio, crescimento e reparo dos
tecidos. Por outro lado, sua excessiva degradacdo pode acarretar no desenvolvimento de
varias condi¢des patoldgicas, dentre as quais citam-se artrite reumatdide, osteoartrite e
doengas autoimunes (WESTERMARCK e KAHARI, 1999). Tal fato também estd
diretamente relacionado ao processo de invasdo e metéstase tumoral, o qual se constitui no
principal fator progndstico dos pacientes portadores de cancer (CHAMBERS e
MATRISIAN, 1997).

Algumas proteases especificas conhecidas como metaloproteinases (MMPs), do inglés
“matrix metalloproteinases”, formam uma importante familia de endopeptidases
metaldependentes, secretadas na forma inativa, com zinco no sitio ativo
(WESTERMARCK e KAHARI, 1999; CURRAN e MURRAY, 2000).

Existem, atualmente, no minimo, 20 tipos de MMPs humanas, agrupadas de acordo com a
estrutura e substrato especifico em: colagenases (MMP-1,-8 e 13), estromelisinas,
gelatinases (MMP-2, -9) e metaloproteinases ligadas 8 membrana plasmatica (THOMAS,
1999; NABESHIMA, 2002).
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De acordo com CURRAN e MURRAY (2000) e NABESHIMA et al.(2002), a
superexpressdo das MMPs tem sido evidenciada e relacionada ao progndstico em diversos
tipos de carcinomas, o que pode ser usado para o desenvolvimento de drogas inibidoras
dessas proteinas para auxiliar na terapia anticancer.

Essas enzimas podem ser produzidas tanto pelo estroma tumoral como pelas préprias
células neoplésicas que segundo YVES e DERDERCK (2004) também podem interferir no
processo de adesdo célula-célula principalmente sobre o complexo E-caderina/N-catenina
(pela degradacdo da E-caderina), facilitando o processo de invasao.

Analisando 25 carcinomas epidermoéides orais ndo metastaticos e 19 metastaticos através da
técnica imuno-histoquimica e zimografia, HONG et al. (2000) compararam a expressio e
atividade das MMPs-2 e -9 nestes grupos e detectaram que a MMP-9 exercia um papel
mais importante no desenvolvimento de metastase do que a MMP-2. Adicionalmente, esse
estudo mostrou que ndo existe correlagdo entre o grau histoldgico desses carcinomas e a
expressao das MMPs, sugerindo que a diferenciagc@o histologica das células cancerosas nao
interfere na expressdao das MMPs.

NABESHIMA et al. (2002) relataram que as MMPs-2 e —4 sdo capazes de clivar o sitio 2
da laminina-5, acarretando estimulagdo da proliferacdo e migracao das células neoplésicas.
> colageno fibrilar versus tumorigénese

As células de melanoma formam tumor maligno tipo 1 conhecido pela interagdo com o
estroma circundante via fatores de crescimento, assim como interacdes célula-célula. O
melanoma humano produz uma variedade de substancias relevantes na indugdo da
angiogénese, incluindo citocinas angiogénicas, componentes da matriz extracelular e
metaloproteinases. Os fibroblastos se comunicam com as células de melanoma via fatores
de crescimento, citocinas e interagdes célula-célula. As células de melanoma tém mostrado
alteracdo da expressdo de E-caderina para N-caderina, resultando na habilidade de se
comunicar com fibroblastos via N-caderina mediada por jungdes, enquanto a0 mesmo
tempo perde a comunicacido com os queratdcitos (GOLDSTEIN et al., 2005).

No estudo de GOLDSTEIN et al. (2005) foi empregado um ensaio com a matriz de
coldgeno tridimensional (3D) para avaliar a habilidade de varias linhagens de célula de

melanoma na inducido da angiogénese com e sem adi¢cdo de fibroblastos. A maioria das
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células de melanoma sozinhas apresentou uma resposta limitada ou negativa quanto a
angiogénese. O meio com coldgeno sem células ndo suportou a angiogénese. Por outro lado
os fibroblastos foram capazes de promover uma significante angiogénese em todas as
linhagens de células de melanoma utilizadas. Mesmo que a resposta a angiogénese das
diferentes linhagens de melanoma tenha sido varidvel, somente foi significante em
combinacdo com fibroblastos (p<0,01). As 3 linhagens de crescimento radial vertical
(VGP) de melanoma foram capazes de induzir a formacdo de rede das células endoteliais
microvasculares de derme humana (HMVEC) no meio de coldgeno. Nenhuma das
linhagens de melanoma foi capaz de induzir significativamente a rede de HMVEC. Com a
adi¢do de fibroblastos ocorre a recuperacdo da resposta angiogénica das 7 linhagens de
células de melanoma avaliadas, aumentando o rendimento significativo da rede de HMVEC
em relacdo as células de melanoma (p<0,01). O nimero de rede de HMVEC suportado pela
combinacdo de células de melanoma com fibroblastos foi significativamente maior que
somente fibroblastos isolados para 6 das 6 linhagens de melanoma avaliadas (p<0,05)
(GOLDSTEIN et al., 2005).

Os fatores angiogénicos interleucina 8 (IL-8) e a proteina 1 mondcito quimiostatica (MCP-
1) sdao conhecidos como fatores de crescimento pro-angiogénicos e a metaloproteinase-2
inibidor tecidual (TIMP-2) € conhecida como inibidor da angiogénese foram
significativamente aumentadas quando da combinacdo no meio de melanoma e fibroblastos
em relacdo ao meio somente com fibroblastos (p<0,05). Os fatores IL-8 and TIMP-2
aparecem mais elevadas quando da associagdo de melanoma e fibroblastos, mas o MCP-1 é
mais elevada somente quando se tem no meio fibroblastos (GOLDSTEIN et al., 2005).

Foi também demonstrado que pele humana normal derivada de HMVEC vai migrar mais
prontamente na resposta em meio condicionado com fibroblastos derivados de pele normal
humana que em meio obtido de células de melanoma malignos (GOLDSTEIN et al., 2005).
Este estudo demonstrou que os fibroblastos apresentam um potencial angiogénico inerente,
e esta habilidade € mais forte que a habilidade angiogénica de células de melanoma, e mais
notadamente quando se apresentam associadas, revelando um fendmeno sinergistico com
uma resposta angiogénica significativamente maior que ambas as células podem induzir

independentemente, particularmente com algumas células VGP e melanoma. Os resultados
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da matriz tridimensional de coldgeno apontam que a interacdo direta célula-célula tem
provavelmente um papel na migracdo das células endoteliais e na formag¢do da rede nos
experimentos de angiogénese com o coldgeno (GOLDSTEIN et al., 2005). No mesmo
estudo (GOLDSTEIN et al., 2005) mostraram que os melanomas requereram os
fibroblastos para suportarem a invasdo, migracdo e formacao de rede capilar dos HMVEC.
Em estudos de VELAZQUEZ et al.(2002) foram demonstrados que a derme normal de
fibroblastos humanos induz a microvascularizacdo humana levando células endoteliais a
invadir/ migrar no coldgeno e a formar redes capilares, enquanto algumas linhagens de
células de melanoma foram incapazes de suportar este tipo de angiogénese sob condicdes
idénticas de cultura. Em VELAZQUEZ et al.(2002) estudo in vitro com o modelo de
angiogénese e células humanas, os fibroblastos diminuiram a proliferacio de células
endoteliais (EC), aumentaram a migracdo dessas células, e inibiram a apoptose de EC.
Estes resultados sugeriram que os fibroblastos estimularam a angiogénese e que as células
de melanoma podem adquirir a habilidade de se comunicar com as células do estroma,
levantando a hipdtese de que os fibroblastos modulariam a angiogénese em células de
melanoma. Esta hipdtese abriria a possibilidade de novas terapias anti-angiogénicas e anti-
neoplésicas. (VELAZQUEZ et al.(2002).

A participagdo do coldgeno na angiogénese (CARVALHO e PIMENTEL, 2001;
MANELA-AZULAY et al. , 2003) na presenca de oxigénio, a sintese de coldgeno, a
angiogénese e a epitelizacdo sdo aceleradas. O estimulo bdsico para a angiogénese € a
hipdxia, mas sdo necessdrios niveis minimos de oxigénio para que a sintese de coldgeno
seja eficiente e vidvel.

O coldgeno bovino tipo I (BIC), o qual é usado frequentemente como componente fibroso
da matriz extracelular em modelos de culturas de célula, inibe a progressdo do ciclo celular
do melanoma via a sub-regulacio do p27 (CHO et al. 2005). O BIC também induz a sintase
de 6xido nitrico em macréfagos através da ativacdo dos efetores JunB/AP-1 e NF- «B. A
andlise do ciclo celular revela que o BIC suprime completamente a proliferacdo das células
Raw264.7 com inibi¢do da porcentagem de c€lulas na fase S e decréscimo reciproco na fase
GO/G1. A sintese de DNA foi também inibida pelo BIC, como foi evidenciado pelo

decréscimo da incorporacdo celular da timidina [H]. A parada em G1/S induzida pelo BIC
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foi invertida pela inibicdo quimica da quinase-3 fosfatidilinositol ou pela super expressao
da sub unidade p85 da quinase PI3. Tanto a PD98059 ou a transfeccdo com a quinase-1,
proteina quinase ativadora de mitégeno ou a quinase 1 com N-terminal c-Jun liberaram o
ciclo celular do bloqueio. As andlises de imunoblot revelaram que niveis das ciclinas D1, A
e B1 foram parcialmente ou completamente sub-reguladas por BIC, mas as ciclinas E, p21
e p27 foram minimamente alteradas. A inibicdo quimica e experimentos com a super-
expressao mutante negativa dominante revelaram que tanto a inibi¢do da quinase-PI3 como
a transfeccdo de JNKI1(-) preveniram o decréscimo das ciclinas D1, A, B1 por BIC,
indicando que as vias da quinase-PI3 e JNKI1 estdo associadas com a interrup¢do das
ciclinas. O envolvimento da via MKKI1 quinase regulada por sinal extracelular-1/2
(ERK1/2) foi responsédvel pela supressido das ciclinas A e B1, mas ndo da ciclina DI.
Estudo de CARMELIET e JAIN (2000) mostrou que o BIC inibiu a proliferacdo das células
Raw264.7 e que as vias envolvidas foram quinase pI3 e quinases ativadoras de mitégenos
que regulam a parada do ciclo celular (CHO et al, 2005).

O melanoma maligno causa a morte por doengas da pele. PASCO et al (2005) mostraram os
efeitos do coldgeno tipo IV na progressdo do melanoma. Muitas seqiiéncias diferentes do
coldgeno tipo IV promoveram a adesdo celular, migracdo e invasdo do melanoma. A
conformacdo de tripla hélice do dominio colagénico desempenha um papel critico em
algumas destas interacOes. Entretanto, os estudos citados (PASCO et al.,, 2005)
demonstraram que a seqiiéncia de dominio a3(IV) NC1 inibiu a célula de melanoma quanto
a proliferacdo, migracdo e invasdo pelo decréscimo da producdo e ativacdo das
metaloproteinases de matriz (MMPs). Seqiiéncias peptidicas das cadeias do coldgeno IV
al(IV), a2(IV), e a3(IV) chamadas de arresten, canstatina e tumastatina, respectivamente,
inibiram a angiogénese (PASCO et al., 2005).

Durante a invasdo maligna de células tumorais € estabelecido um contato com as proteinas
da matriz extracelular, incluindo o coldgeno fibrilar. Para promocdo da barreira fisica
contra invasdo, o coldgeno fibrilar também restringe a proliferacdo celular. Assumiu-se que
a atividade regulatéria de crescimento do coldgeno fibrilar € resultado do efeito indireto
restritivo no espalhamento celular e organizacdo do citoesqueleto. Em estudo de WALL et

al.(2005) foi evidenciado o efeito inibitério do coldgeno fibrilar na proliferacdo de
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melanoma humano e células de fibrosarcoma que envolveu a ativagdo de receptor-2
protéico transmembrana da tirosina quinase, independente dos efeitos no espalhamento
celular. Células plaqueadas na presenca de coldgeno fibrilar foram bloqueadas no seu
crescimento na fase GO/G1 do ciclo celular. Entretanto, o tratamento com genisteina,
inibidor de tirosina quinase, sub-regulou este receptor-2 protéico transmembrana, ou a
desglicosilacio do coldgeno que preveniu a ativagdo deste dominio do receptor-2
permitindo as células entrar no ciclo celular na presenca do coldgeno fibrilar sem o
requerimento por espalhamento e organizacdo da actina. Estes dados evidenciaram que
novos mecanismos relacionados ao contato da célula tumoral com o coldgeno fibrilar
restringiram a proliferacdo (WALL et al., 2005).

Recente evidéncia sugere que a terapia anti-angiogénica € sensivel ao pS3 em tumores,
indicando que o papel de regulacdao da angiogénese é feita pela regulacdao do fator p53.
Neste estudo (TEODORO et al., 2006) ficou demonstrado que o p53 transcripcional ativa o
gene do coldgeno O(Il) prolil-4-hidroxilase[a(I[)PH], resultando na liberacdo extracelular
de fragmentos anti-angiogénicos do coldgeno tipo IV e XVIII. Meios de cultura com
células ectdpicas condicionadas com expressdo tanto do p53 ou do a(II)PH seletivamente
inibe o crescimento de células endoteliais humanas primérias. Quando ocorre a distribui¢ao
da expressdao destes genes, exdgena ou intracelularmente, o gene O(I[)PH inibe
significativamente o crescimento tumoral em camundongos. Estes resultados sugerem que
ha uma inter-relagdo entre a genética e bioquimica da via de supressdo do pS53 e a sintese
dos fragmentos anti-angiogénicos do coldgeno (TEODORO et al., 2006).

Em estudo recente (ROTH et al., 2006) foi identificado um epitopo ndo conhecido
(HUIV26) que é especificamente exposto apOs alteracdes na estrutura de tripla hélice do
coldgeno tipo IV. A exposi¢do deste epitopo tem um papel fundamental na regulacdo da
angiogénese in vivo. Entretanto, pouco se sabe sobre a habilidade das células tumorais de
interagir com esse lado do epitopo e se esse regula a metdstase da célula tumoral in vivo.
Desse modo, muitos dos processos celulares que regulam a angiogénese também
contribuem para a metéstase tumoral. No trabalho citado (ROTH et al., 2006) foi verificado
que células tumorais como as do melanoma B16F10 interagem com o coldgeno tipo IV

desnaturado em parte pelo reconhecimento do lado do epitopo HUIV26. A administracdao
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sistemdtica do anticorpo monoclonal HUIV26 inibe a metédstase do melanoma B16F10 em
avaliacdo experimental in vivo. A partir dos resultados encontrados, foi sugerido que as
células tumorais interagem com o epitopo HUIV26 tendo um papel importante na regulacao
da metdstase e que esse epitopo pode representar um alvo terap€utico para controle do
espalhamento do tumor para localidades distantes do foco tumoral no organismo humano.
Um dnico epitopo HUIV26 no meio com coldgeno regula a angiogé€nese € o
comportamento celular endotelial, inibindo a adesdo celular tumoral e a migracdo,
consequentemente a metastase in vitro e experimental (ROTH et al., 2006).

Ciclo celular e tumorigénese

O crescimento celular envolve o aumento da massa celular, duplicacio do é&cido
desoxiribonucleico (DNA) e divisao fisica da célula em duas células filhas idénticas
(mitose). Tais eventos se processam por meio de fases conhecidas como G1-S-G2-M, que
integram o ciclo celular (GUYTON e HALL, 2002; MALUMBRES e BARBACID, 2001).
A divisao celular consiste de dois processos consecutivos, caracterizado principalmente
pela replicagdo do DNA e segregacdo da replicacdo dos cromossomos em duas células
separadas, a mitose (M). Os estdgios da mitose incluem préfase, metafase, anidfase e
teléfase. Analisando por microscopia, as células na interfase simplesmente crescem em
tamanho, mas técnicas diferenciadas revelam que a interfase inclui as fases G1, S e G2
(HARTWELL e WEINERT, 1989). A replicagdo do DNA ocorre em uma parte especifica
da interfase chamada fase S. A fase S € precedida por um intervalo chamado G1 durante o
qual as células sdo preparadas para a sintese de DNA e € seguida por um intervalo chamado
G2 durante o qual as células se preparam para a mitose. As fases G1, S, G2 e M sdo
tradicionalmente subdivisdes do ciclo cellular convencional. As células em G1 podem,
antes da replicacdo do DNA, entrar no estdgio chamado GO. As células em GO constituem a
maior parte das células que nio estdo em crescimento ou proliferacdio no organismo
humano. Células em G1 que ndo se programaram para a replicacdo do DNA podem entrar
em um estado de quiescéncia, denominado GO. Algumas células permanecem em GO por
dias ou anos. Por outro lado, o tempo de progressdo entre a entrada em S até atingir M €
praticamente continuo (VERMEULEN et al., 2003; McGOWAN, 2003; MORGAN, 1997;
GENG et al., 1999; SHEAFF et al., 1997).
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As células normais precisam receber sinais mitogénicos antes de passar de um estado
quiescente para um estado proliferativo. Em resposta a sinais intracelulares ou vindos do
meio ambiente, as células podem seguir varios caminhos: permanecer como estdo (fase de
quiescéncia); diferenciar-se; multiplicar-se; morrer (CLEMENS et al., 2002). A transi¢do
de uma fase do ciclo para outra € regulada por diferentes proteinas celulares. As proteinas
chave para esta regulacdo sdo as enzimas quinases dependentes de ciclinas, que sdo
proteases da familia das serina-treonina ativadas em certos pontos do ciclo celular. Para
fosforilar seus substratos, estas enzimas ligam-se a proteinas da familia das ciclinas.
Portanto as quinases ciclinas dependentes (CDKs) ativas sdo formadas de duas
subunidades: uma catalitica e outra regulatoria (ciclina). As CDKs monoméricas quase nao
tem atividade de quinases. Até o presente foram identificadas 9 quinases ciclina
dependentes (CDKs), sendo que cinco delas sdo ativadas durante o ciclo celular. Na fase
G1 (CDK2, CDK4, CDK®6), na fase S (CDK2) e nas fases G2 ¢ M (CDK1). Quando as
CDKs sdo ativadas elas induzem fosforilacdes em cascata de proteinas selecionadas. Os
niveis de ciclinas oscilam durante o ciclo celular, e desta forma periodicamente ativam as
CDKs. Diferentes ciclinas sao requeridas durante as diferentes fases do ciclo celular. As
ciclinas tipo D, sdo trés: ciclina D1, ciclina D2 e ciclina D3 que se ligam a CDK4 e CDKG6,
sendo este complexo ciclina-CDK essencial para entrada na fase G1. A ciclina D ndo é
expressa periodicamente, mas € sintetizada enquanto persiste a estimulacdo do fator de
crescimento. Outra ciclina de G1 € a ciclina E, que associa a CDK2 regulando a progressao
da fase Gl para fase S. Existe na fase G1, um ponto especifico denominado ponto de
restri¢ao (R), definido como start em estudos com leveduras. Apds passarem este ponto, as
células se tornam independentes dos estimulos mitogénicos. R representa um ponto de
monitoramento dos sinais extracelulares e é usado para dividir as células em fases
denominadas Gl inicial e GI1 tardio. Os eventos moleculares que permitem as células
passarem por R ndo foram bem definidos. Ciclina A se liga com a CDK2 e este complexo é
requerido durante a fase S. No final da fase G2 e comeco da fase M, a ciclina A complexa-
se com CDKI1 para promover e entrada da mitose. Mas na mitose a regulacdo é feita pela
complexacdo da ciclina B com CDKI1. Foram identificadas dezesseis ciclinas, mas nem

todas relacionadas ao controle do ciclo celular. As ciclinas A e B contém uma caixa de
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destruicdo e as ciclinas D e E contém a seqiiéncia PEST (rica em residuos de prolina, dcido
glutdmico, serina e treonina), estas sdo sequéncias proteicas requeridas para eficiéncia na
ubiquitinacdo mediada pela protedlise da ciclina no final das fases do ciclo celular
(VERMEULEN et al., 2003; McGOWAN, 2003; MORRIS e DYSON, 2001).

A atividade das CDK pode ser controlada por proteinas inibitérias do ciclo celular,
chamadas de inibidores de CDK (CDI) que se ligam ao CDK sozinho ou complexado com
ciclina e regula a atividade da CDK. Duas familias distintas de inibidores de CDK foram
descobertas, a familia INK4 e a familia das CIP/KIP. A familia das INK4 inclui pl5
(INK4b), p16 (INK4a), p18 (INK4c), p19 (INK4d), que especificamente inativa CDKs da
fase G1 (CDK4 e CDK®6). A forma estavel dos CKIs complexa-se com a enzima CDK antes
da ligacdo com a ciclina, prevenindo a associa¢do com a ciclina D. A segunda familia dos
inibidores sdo Cip/Kip inclui p21 (Wafl, Cipl), p27 (Cip2), p57 (Kip2). Esses inibidores
inativam o complexo CDK-ciclina. Eles inibem ciclinas quinases da fase G1 e em menor
propor¢ao o complexo CDKI1-ciclina B. O p21 também inibe a sintese de DNA pela ligacao
e inativagdo da proliferacdo do antigeno nuclear celular (PCNA). Os CKI sdo regulados
tanto por sinais internos e externos: a expressao do p21 ¢ feita sob controle transcripcional
do gene supressor de tumor p53. O gene promotor p21 contém um sitio de ligagdo com o
pS53, que permite que o p53 ative transcripcionalmente o gene p21. A expressao e ativagao
dos, respectivos pl5 e p27, aumentam a resposta do fator de crescimento (. (TGF-f3),
contribuindo para a inibi¢ao do crescimento (VERMEULEN et al., 2003; MORGAN, 1997,
SANDAL, 2002).

O estudo de maior interesse € do substrato de CDK4/6- ciclina D, produto do gene
supressor do tumor de retinoblastoma (pRb). Durante o comeg¢o da G1, pRb comeca a
fosforilar e isto leva a destrui¢do do complexo com a proteina histona diacetilada (HDAC)
e liberacdo de fatores transcripcionais E2F-1 e DP-1, que regulam positivamente os genes
de transcri¢do, resultando em produtos requeridos para progressdo da fase S, incluindo
ciclina A, ciclina E, Cdc25. O pRb permanece no estado hiperfosforilado para manutengao
do ciclo celular e o complexo CDK2-ciclina E participa para manter esta forma
hiperfosforilada. (MANGONE e FEDERICO, 2003 apud BRENTANI et al., 2003
p-137;VERMEULEN et al., 2003;MORRIS e DYSON, 2001).
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Nos casos de células danificadas severamente, p53 induz a morte celular pela ativagc@o dos
genes Bax, Fas e genes envolvidos no estresse oxidativo, que estdo envolvidos na
sinalizac@o da apoptose. Diferentes proteinas quinases reconhecem o dano do DNA, e estas
quinases fosforilam o p53 em resposta ao dano do DNA, resultando no bloqueio do ciclo
celular pelo p21, pelo menos no ponto de checagem G1/S (MANGONE e FEDERICO,
2003 apud BRENTANI et al., 2003 p.137; HARTWELL e WEINERT, 1989;
VERMEULEN et al., 2003; GENG et al., 1999; MORRIS e DYSON, 2001).

No cancer, hd alteragdes fundamentais no controle genético da divisdo celular, resultando
na falta de restricdo da proliferacdo da célula. Mutagdes principalmente ocorrem em duas
classes de genes: proto-oncogenes e genes supressores de tumor como o pRb e p53 que
resultam na disfuncdo das proteinas que normalmente inibem a progressdo do ciclo celular.
(CAMARGO e COSTA,2003 apud BRENTANI et al., 2003 p.71; VERMEULEN et al.,
2003).

O supressor de tumor p53 apresenta uma seqiiéncia especifica da proteina que se liga ao
DNA, que é capaz de induzir tanto a parada do ciclo celular ou apoptose. Outros
mecanismos, como a ligacdo a proteinas oncogénicas virais, podem alterar ou bloquear a
funcdo do p53 (MANGONE e FEDERICO, 2003 apud BRENTANI et al., 2003 p.137;
VERMEULEN et al., 2003).

No desenvolvimento do tumor estdo envolvidos genes no controle da proliferacdo: os proto-
oncogenes e os genes supressores de tumor (CAMARGO e COSTA, 2003 apud
BRENTANI et al., 2003 p.71; GUYTON e HALL, 2002; VERMEULEN et al., 2003).

Os proto-oncogenes, geralmente, estdo envolvidos na regulacdo positiva da proliferacao
celular e, quando alterados, sdo chamados de oncogenes. Os genes supressores de tumor, ao
contrério, atuam restringindo a proliferac@o celular, e a sua inativagao estd associada a uma
perda de funcdo. Recentemente, em alguns tumores, foi comprovado o envolvimento de
uma terceira classe de genes que codificam proteinas relacionadas ao reparo do DNA
(CAMARGO e COSTA, 2003 apud BRENTANTI et al., 2003 p.71; SOUSSI, 2000).

Os oncogenes ja caracterizados sdo atualmente classificados em quatro grupos de acordo
com seu modo de atuacdo: 1) os fatores de crescimento; 2) os receptores para fatores de

crescimento; 3) os transdutores de sinal; e 4) os fatores de transcri¢do. Detalhes sobre esse
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mecanismo poderdo ser encontrados em CAMARGO e COSTA, 2003 apud BRENTANI et
al., (2003)p.71.

A caracterizacdo de genes supressores de tumor sempre foi dificultada pelo fendtipo
maligno se manifestar apenas apds a perda, a mutacdo ou a inativagdo do gene em estudo
(CAMARGO e COSTA, 2003 apud BRENTANTI et al., (2003)p.71.).

> reparo do DNA

Os seres humanos sio muito expostos a uma variedade de carcindégenos ambientais.
Embora a exposi¢cdo a agentes naturais que causam lesdo ao DNA, como radiagdo
ionizante, luz solar e carcindgenos dietéticos, seja comum, o cancer constitui uma
conseqiiéncia relativamente rara desses encontros. Essa situagdo favordvel resulta da
capacidade das células normais de proceder ao reparo do DNA danificado, impedindo,
assim, a ocorréncia de mutagdes em genes que regulam o crescimento e a apoptose
celulares. Além da possivel lesio do DNA por agentes ambientais, o DNA das células
normais em divisdo também € suscetivel a alteragdes decorrentes de erros, se ndo forem
imediatamente consertados, também podem levar a célula a uma transformacao neoplésica.
A importancia do reparo do DNA na manuten¢do da integridade do genoma ¢é reforcada
pela ocorréncia de vérios distirbios hereditarios, caracterizados por defeitos em genes que
codificam proteinas envolvidas no reparo do DNA (GUYTON e HALL, 2002).

A ocorréncia de lesdes no DNA requer parada tempordria da progressao no ciclo celular de
forma a haver tempo para o reparo e para prevenir a fixacdo de mutagdes deletérias
(McGOWAN, 2003).

No ciclo celular normal, o controle € regulado por sensores que podem detectar defeitos
estruturais do DNA ou na fun¢do cromossdmica e ativar o reparo do DNA atrasando a
progressdo do ciclo até que o reparo do DNA esteja completo e possa ser reiniciada a
progressdo. Os pontos de verificacdo estdo: no ponto de restricdo em G1 e no fim da fase S
(pontos de checagem de G1); no limite G2/M (ponto de checagem de G2); na saida de M
(ponto de checagem da metiafase) (McGOWAN, 2003).

> apoptose

A morte da célula, ao longo do crescimento e diferenciacdo, é a parte critica do ciclo

celular. O controle homeostatico do nimero de células ocorre pelo resultado do balango
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dinamico entre proliferacio e morte celular. Nos ultimos anos, o foco tem sido na
ocorréncia fisiolégica da morte celular e seu papel na homeostase. Os cientistas t€ém
chamado a morte natural de apoptose ou morte programada da célula, a qual desempenha
um papel importante e crucial nos processos fisiolégicos e patologicos (SCHWARTZMAN
e CIDLOWSKI, 2006; ZORNIG et al., 2001).

Os estudos recentes apontam para o fato de que a morte celular fisioldgica era baseada no
processo patoldgico, que ocorre quando as células sdo sujeitas a alguma injiria do
ambiente. Esta morte celular acidental, chamada de necrose, ocorre em resposta a uma
variedade de condi¢Oes adversas e substincias toxicas, incluindo hipertermia, hipoxia,
isquemia, ataque do complemento, drogas metabdlicas e trauma direto a célula
(SCHWARTZMAN e CIDLOWSKI, 2006; ZORNIG et al., 2001).

A célula quando sofre necrose exibe caracteristicas morfoldgicas e bioquimicas tipicas.
Inicialmente, alteracdes incluindo intumescimento do citoplasma e organelas,
especialmente a mitocondria, com uma alteracdo leve no nucleo. Estas mudangas levam a
dissolucdo das organelas e ruptura da membrana plasmdtica permitindo que os
componentes celulares extravasem para o espago extracelular. As alteracdes morfoldgicas
se devem a perda do controle da seletividade da membrana plasmatica. Estas alteracdes
ocorrem em resposta ao desaparecimento da atividade de bombeamento de fons da
membrana, tanto diretamente como pelo dano a membrana e também pela deplecdo de
energia celular. O aumento citosdlico de cdlcio resulta na ativacdo de ligacdes dos
fosfolipidios na membrana, que ocasiona a sua destruicdo. A liberacdo de hidrolases devido
a ruptura de lisossomos, causando uma rdpida aceleracdo da desintegracdo celular nos
estagios finais da necrose, uma rapida diminuicdo nos niveis de proteina, RNA e DNA. A
exposicdo do DNA ocorre pela digestdo proteolitica das histonas que sdo rompidas pela
nuclease desoxiribonuclease em fragmentos. A necrose afeta tipicamente grupos de células
continuas e de uma reacdo inflamatéria que geralmente ocorre em tecidos adjacentes em
resposta a liberacdo de fragmentos celulares (MANGONE e FEDERICO, 2003 apud
BRENTANI et al., 2003 p.137; SCHWARTZMAN e CIDLOWSKI, 2006; ZORNIG et al.,
2001).
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Em contraste com a morte celular induzida por injuria (necrose), algumas investigacdes t€m
mostrado uma morfologia distinta que ocorre espontaneamente durante a morte celular em
diferentes tecidos e sob vdrias condicdes. Este tipo de morte se processa tdo rapido que é
dificil de ser observada. O nome deste tipo de morte celular é apoptose, a qual pode ser
observada em dois estdgios. No primeiro, a célula sofre condensacdo nuclear e
citoplasmatica, eventualmente havendo rupturas de fragmentos ligados a membrana
mantendo as organelas estruturalmente intactas. No segundo estigio estes fragmentos
celulares, denominados corpos apoptéticos, sdo fagocitados por células vizinhas e
rapidamente degradados. A apoptose € observada em diferentes cé€lulas, saudaveis e
neopldsicas, adultas e embriondrias, podendo ser induzida por agentes fisioldgicos naturais
ou nocivos, mas € basicamente um processo fisiolégico que tem um papel importante na
regulacdo das populacdes celulares (SCHWARTZMAN e CIDLOWSKI, 2006; ZORNIG et
al., 2001; HANAHAN e WEINBERG, 2000).

Apoptose geralmente afeta células Unicas ou grupos pequenos de células. As primeiras
mudancas incluem a perda das jungdes celulares, e estruturas da membrana plasmadtica
especializada. Ao mesmo tempo o citoplasma condensa e a cromatina nuclear coalesce em
uma ou mais corpos apoptéticos. Conforme o processo continua, o nucleo fragmenta em
alguns pedacos e o volume citoplasmatico € aparentemente associado com a perda de fluido
intracelular e fons. Os corpos apoptéticos mostram uma dilatagdo progressiva e degradagao
das organelas citoplasmadticas, processo chamado de necrose secundéria.

Devido ao processo de fragmentagdo celular ocorrer extremamente rapido, e a auséncia de
inflamacdo, se torna dificil observar o processo de morte programada da célula. Muitos
hormonios e fatores de crescimento responsivos de tecidos e 6rgdos s@o mediadores para
apoptose sob a adi¢do ou remog¢do de um fator regulatério apropriado (SCHWARTZMAN
e CIDLOWSKI, 2006; ZORNIG et al., 2001).

Apoptose ocorre em tumores e outros tecidos neopldsicos tanto espontaneamente ou em
resposta a algum tratamento. Alguns exemplos incluem tipos de leucemia, linfoma, tumor
de prostata, cancer pancredtico, tumor de mama, e outros. Algumas drogas anti-cancer tem
mostrado induzir apoptose em células especificas. Certas condi¢des adversas, porém

brandas podem resultar em injuria celular levando a morte programada da célula. Quando

74



estes tratamentos sdo em alta dosagem levam as células a necrose, sugerindo que uma
injuria suave leva a célula a cometer um suicidio, talvez para prevenir a mutacio inerente,
quando a célula € exposta a condigdes severas ocasionando a morte direta por necrose
(MANGONE e FEDERICO, 2003 apud BRENTANI et al., 2003 p.137; SCHWARTZMAN
e CIDLOWSKI, 2006; ZORNIG et al., 2001).

As alteracOes morfoldgicas da apoptose sdo relativamente simples de observar, mas os
mecanismos bioquimicos e moleculares sdo dificeis de compreender. A falta de informagao
¢ principalmente devido as pequenas populacdes de células apoptéticas dentro dos tecidos.
Seguem alteragdes bioquimicas que ocorrem durante a apoptose:

Degradacao da cromatina

A degradacdo do DNA ocorre em um padrdo muito especifico produzindo fragmentos de
DNA que sao miltiplos de 180-200 pares de base. Este é praticamente o Unico evento
bioquimico que ocorre durante o processo apoptético (SCHWARTZMAN e CIDLOWSKI,
2006).

A ruptura internucleossomal do DNA € especifica para a apoptose, quando as células sdao
mortas pelos agentes que induzem a necrose o DNA nao é fragmentado e nem tdo pouco
degradado ndo especificamente em particulas menores. As células apoptéticas t€m seu
DNA mais degradado que as células que possuem sua cromatina parcialmente degradada
(HANAHAN e WEINBERG, 2000).

Rotas de sinalizacdo intracelular

A descoberta de que a degradacdo do DNA internucleossomal ocorre na maioria das
situacOes de apoptose suporta fortemente esta idéia. Avaliando uma variedade de exemplos
de apoptose, tem sido mostrado que mediadores de apoptose podem ser divididos em um
nimero reduzido de classes. O maior grupo inclui aqueles mediadores que mais
provavelmente induzem a apoptose por ligagdo com seus respectivos ligantes de membrana
ou receptores intracelulares promovendo alteracdes no ambiente intracelular. Este grupo €
tipicamente os hormdnios e fatores de crescimento que regulam a apoptose em tipos
especificos de células. A segunda categoria é a apoptose mediada por célula do sistema
imune. Neste caso células especificas sofrem apoptose em resposta as alteragdes no

ambiente intracelular causado pela interacdo com células citotéxicas. O terceiro grupo
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inclui apoptose em resposta a efeitos adversos suaves, drogas anti-cancer, toxinas e injuria,
neste caso o mediador da morte celular ndo € conhecido, mas presumidamente envolve
alteracdes no ambiente intracelular que diretamente induz a apoptose ou leva a célula a
sofrer apoptose em resposta ao dano induzido. Nesta sinalizacdo intracelular ocorre o
aumento do cdlcio intracelular, ativacdo das proteinas quinases A e C, o requerimento da
sintese de macromoléculas e alteracdes da expressio génica (SCHWARTZMAN e
CIDLOWSKI, 2006; ZORNIG et al., 2001; HANAHAN e WEINBERG, 2000).

Nuclease endogena

O fato de aumentar os niveis de cdlcio intracelular para apoptose, durante a fragmentacao
extensiva do DNA, sugere o papel do fluxo de célcio na ativacdo da nuclease enddgena
dependente de célcio. Alguns investigadores tém avaliado a dependéncia da nuclease por
célcio e combinacdo de cdlcio com magnésio em células apoptdticas. Timdcitos irradiados
na presenca da endonuclease dependente de célcio e magnésio nuclear que atuam como
mediadores na degradacdo de DNA internucleossomal. Quando essa enzima € mantida
inativa pela eliminagdo de cdlcio e magnésio, a irradiagdo ndo causa danos no DNA,
indicando que a ruptura € devida a ativacdo da nuclease e o DNA nio ¢ diretamente afetado
pela irradiacdo. Essa enzima pode ser detectada no citoplasma e no nicleo, mas com maior
atividade no ntcleo. Alguns investigadores t€ém atentado para o fato que as nucleases sao
responsdveis pela fragmentacdo de DNA em células durante a apoptose. A atividade foi
detectada na presenca somente de cdlcio e/ou manganés (SCHWARTZMAN e
CIDLOWSKI, 2006).

Devido a apoptose ser um evento prevalente no controle de populacdes especificas de
células, a facilidade em prever a habilidade para regular a apoptose pode servir muito para
aplicacdes em distintas terapias, como por exemplo, a neoplasia. A taxa de crescimento
tumoral € balanceada pelas taxas de mitose, migracdo, diferenciagdo e morte por necrose €
apoptose. E claro que na maioria dos tumores se encontram zonas que estdo sofrendo
apoptose, representando o alvo fécil para regressao tumoral induzida. Alguns exemplos
existem de apoptose induzida em células neopldsicas, como tumores responsivos por
hormdnios que sofrem apoptose in vivo quando recebe um estimulo apropriado. Outra

maneira de inducdo de apoptose € com anticorpos monoclonais. Um exemplo € o anticorpo
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monoclonal contra o antigeno de superficie dos linfocitos Apo-1 que induz apoptose nas
células expressado como marcador. O anti-Apo-1 € efetivo contra as células transformadas
tipo T humanas com HTLV-1 e células T de leucemia de adulto (MANGONE e
FEDERICO, 2003 apud BRENTANI et al, 2003 p.137; SCHWARTZMAN e
CIDLOWSKI, 2006).

> metastase

A integridade de um determinado tecido, assim como a sua fungdo, é conferida por um
equilibrio estabelecido entre proliferacio e morte celular (MELO, JUNQUEIRA e
CHAMMAS, 2003 apud BRENTANI et al., 2003 p.201). Esse equilibrio é conferido por
meio de um complexo sistema de sinalizacio intra e extracelular. Quando esse equilibrio é
perdido, as células passam a se proliferar de forma andmala, formando uma massa de
células desordenadas que constituem um tumor primdrio. No processo de progressao
tumoral, algumas células do tumor primdrio perdem a capacidade de adesdo, invadem a
membrana basal do tecido de origem por meio da producdo de enzimas proteoliticas,
atravessam a parede dos vasos sanguineos, caem na circulacdo e formam dareas de
proliferacio em outros tecidos. Esse processo € denominado metédstase (MELO,
JUNQUEIRA e CHAMMAS, 2003 apud BRENTANI et al., 2003 p.201; GUYTON e
HALL, 2002).

A metéstase de um tumor maligno que envolve interacdes célula-célula e célula-matriz
extracelular, que regula a expressao e localiza¢do das enzimas proteoliticas.

A metdstase do tumor primdrio para localidades distantes envolve uma variedade de
moléculas que agem de maneira integrada, diversos eventos interconectados. O
entendimento dos processos bioquimicos, moleculares e celulares que regulam a metdstase
tumoral € de grande importancia. A cascata metastdtica é conhecida com a inicializagdo por
uma série de alteracOes genéticas levando mudangas nas interagdes célula-célula o que
permite dissociacdo das c€lulas do tumor primdrio. Esses eventos sdo seguidos por invasao
e migracao local através da modificagc@o proteolitica na matriz extracelular. Para estabelecer
a metdstase secunddria, as células malignas evadem a vigildncia imune do hospedeiro,
aprisionando a microvascularizagdo e o extravasamento da circulacdo. Finalmente as

células tumorais podem invadir a matriz extracelular, proliferar e recrutar novos vasos
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sangiiineos para a inducdo da angiogénese e assim expandindo para formar o foco
metastdtico secunddrio. Entretanto, € bem aceito que as interacdes das células tumorais com
a matriz extracelular tem fun¢do importante no papel da metdstase. O conhecimento sobre a
habilidade do tumor em interagir com a matriz remodelada enzimaticamente ou se essas
interacdes contribuem funcionalmente para o espalhamento do tumor para locais distantes
do organismo € relativamente pequeno. A remodelagdo proteolitica e subseqiiente interacao
celular tumoral com a matriz extracelular regula a invasao tumoral.

Devido ao fato da metdstase envolver uma complexa cascata de eventos interdependentes,
um numero de ensaios in vitro e in vivo tem sido conduzidos para investigar 0S processos
celulares individuais na metdstase incluindo adesdo, invasdo, migracdo e proliferacio.
Entretanto, muitos estudos tem confirmado a importancia de fatores de crescimento
secretados especificamente para certos alvos, proteases, adesdo na superficie celular,
receptores e muitas moléculas regulatdrias intracelulares na abordagem dos processos
metastiticos, mesmo com certa limitacdo devido a instabilidade genética das células
tumorais. Interessantemente, um dos receptores mais bem estudados € a integrina avf3
devido ao seu papel importante no crescimento e metdstase tumoral (ROTH et al., 2006).
Elevada expressdo da integrina avf3 tem correlacdo forte com a fase de crescimento
vertical da metdstase do melanoma e um pobre prognéstico clinico no carcinoma de mama
metastdtico. Estudos anteriores demonstraram que antagonistas da integrina avf3 podem
inibir a metdstase em modelos animais. Entretanto, muitos ligantes da matriz extracelular
para avB3 tem sido identificados, incluindo vibronectina e coldgeno desnaturado, pouco é
sabido sobre suas relevancias funcionais in vivo no controle de processos invasivos
celulares, tais como metastase (ROTH et al., 2006).

Numerosos estudos sugerem a remodelagdo proteolitica na matriz extracelular e
subsequente proliferacdo celular, invasdo e migracdo como importantes no papel
metastdtico tumoral. De fato, a inibicdo das metaloproteinases tem sido demonstrada como
inibidor metastatico em muitos modelos. Alguns mecanismos tem sido sugeridos a serem
considerados com atividade anti-metastitica e anti-tumoral associadas a inibi¢do de
enzimas proteoliticas, sua contribuicdo na cascata metastitica ¢ ainda ndo tdo bem

compreendida. Enzimas proteoliticas tais como metaloproteinases podem desempenhar
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uma func¢do de liberar fatores de crescimento imobilizados na matriz que o tumor necessita
para proliferacdo, migracio e sobrevivéncia (ROTH et al., 2006).

> caspases

Caspase 1 € um protétipo da grande familia de proteases cujos membros tem fungdo
importante no processo inflamatério e apoptdtico. As caspases Sa0 expressas COmo
proenzimas inativas e sdo ativadas por clivagem proteolitica apds um estimulo de morte
celular. Os membros dessa familia das caspases possuem uma estrutura comum que
consiste de trés dominios: amino-terminal, subunidade grande e outra pequena. No caso da
caspase 1, ocorre uma por¢cdo com residuos volumosos hidrofébicos, enquanto que a
caspase 3 consiste preferencialmente de residuos pouco volumosos, tais como aspartato.

As caspases tem funcdo tanto na iniciacdo da apoptose em resposta a um sinal
proapoptdtico como na rota efetora para desorganizar a célula. Baseando-se nisto, as
caspases podem se dividir em caspases iniciadoras, que ligam sinais de morte ao programa
de morte celular, e caspases efetoras, que executam um programa coordenado de protedlise,
resultando na destruicdo de estruturas celulares criticas envolvidas na homeostase e
reparacao da célula (NIGG, 2001).

Na ativacdo das caspases inicia-se uma cascata proteolitica que permite uma rdpida
transmissdo e amplificacdo exponencial do estimulo de morte celular.. Caspases efetoras,
tal como a caspase 3 sdo ativadas, culminando na destruicio da célula por apoptose.
Dependendo do sinal de morte celular envolvido, este processo parece envolver a rota de
disfuncdo mitocondrial e liberacdo do citocromo C, ou alternativamente, uma rota
independente da mitocondria (NIGG, 2001).

> angiogénese

Angiogénese € a formacdo de novos vasos sangiiineos, que ocorre pela extensio local de
vasos pré-existentes (FOLKMAN, 1995). As células endoteliais (ECs) compreendem vasos
angiogénicos proliferativos, migratérios € que agregam em novos capilares em resposta a
sinais celular e humorais, os quais ndo foram ainda totalmente definidos (CARMELIET e
JAIN, 2000).

A angiogénese ocorre em uma variedade de processos fisiologicos e patoldgicos e é

remodelada no estabelecimento da rede primitiva de vasos sangiiineos. A vasculogénese,
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que € a formacao dessa rede primitiva de vasos ocorre no desenvolvimento embriondrio. A
compreensdo desses fatores que regulam o crescimento e diferenciacdo das células
endoteliais pode sugerir novas possibilidades de métodos para a intervengdo na grande
variedade de doencas (YAMAGUCHI et al., 1993).

A regulacdo da angiogénese durante o crescimento tumoral vem sendo melhor entendida. A
mudanga ocorre durante a proliferacdo das células endoteliais como se elas se organizassem
para formar os vasos sangiiineos. O que determina se a mudanca ocorre na angiogénese ou
fora dela s@o os niveis de inibidores angiogénicos comparados com ativadores. Mais de 20
ativadores e 20 inibidores enddgenos t€m sido caracterizados. Se o tumor permanece no
estado dormente versus sua progressdo pode refletir o balango desses ativadores e
inibidores. Estes fatores podem ser regulados através de alteracGes no micro ambiente,
enfatizando a importancia das interagdes célula-matriz extracelular. H4 pelo menos quatro
mecanismos potenciais nos quais o tumor pode estimular a angiogénese. A primeira
hipdtese é que o tumor ndo pode crescer mais de 1 ou 2mm antes de estimular os novos
vasos sangiiineos germinativos. Tal processo envolve a secre¢do por parte dos tumores de
fatores de crescimento angiogé€nicos, que irdo estimular a atividade da tirosina quinase nas
células endoteliais. Os tumores podem secretar fator de crescimento endotelial vascular
(VEGF), e assim que eles crescem, outros fatores de crescimento angiogénicos podem ser
gerados. O segundo mecanismo sugere que o tumor pode confinar vasculatura existente.
Cada vez mais, tumores crescem ao redor de vasos sangiiineos e mediam a regressiao dos
vasos pela super expressdo da Ang2. A secrecdo desse fator induz a perda das estruturas da
matriz extracelular e da integridade de vasos. Isto resulta na necrose tumoral central.
Hipodxia estimula a producdo de VEGF e a angiogénese ocorre em volta da periferia do
tumor. O terceiro mecanismo € que a regulacdo da angiogénese pode, em parte, ocorrer pela
circulacdo dos precursores hematopoiéticos. A circulacdo dos precursores das células
endoteliais CD34" tem sido encontrados em dreas de angiogénese nas feridas dos tumores.
A natureza funcional dessas células endoteliais e sua contribuicdo na angiogénese remetem
a falta de entendimento e merece intensa investigacdo. Evidéncias para a regulagdo genética
da angiogénese se mostraram através de estudos com camundongos Id-nocauteados. Esses

camundongos sdo de uma familia que desenvolvem genes que diminuem ou inibe o
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crescimento tumoral. Esses dados sugerem que células precursoras hemangioendotelial
circulante contribui para a angiogénese. O quarto mecanismo em potencial € conhecido
como mimetizacdo vascular. A avaliagdo do tamanho, poro, topografia, estrutura e
permeabilidade vascular sdo mostrados como varidvel com tamanho de poros endoteliais
nos tumores comparados com tecidos normais, € tem sido encontrada irregularidade e
heterogeneidade dentro do vaso. Estudos de permeabilidade mostraram aumento da
permeabilidade nos vasos tumorais comparados com vasos normais (SCAPPATICCI,
2002).

Na angiogénese induzida em células malignas, a carga tumoral comega a exceder seu
suprimento sangiiineo pela necessidade de oxigé€nio e nutrientes que sdo requeridos pelas
células tumorais para inducdo da angiogénese pela secrecdo de fatores angiogé€nicos ou
recrutamento de outros tipos de células que ajudam neste processo. Recentemente, o foco
de estudo tem sido a vascularizagdo do tumor e componentes do estroma para melhor
entendimento deste processo (HANAHAN e WEINBERG, 2000; KUNZ-SCHUGHART e
KNUECHEL, 2002).

As células de melanoma sdo um tipo de tumor maligno 1 conhecido pela interagdo com o
estroma circundante via fatores de crescimento, assim como interacdes célula-célula. O
melanoma humano produz uma variedade de substincias relevantes na indugdo da
angiogénese, incluindo citocinas angiogénicas, componentes da matriz extracelular e
metaloproteinases. Entretanto, ha células malignas que ndo induzem angiogénese por si,
mas pela manipulagdo de células do estroma (células epiteliais e fibroblastos) convergindo-
as para construcio de uma infra-estrutura vascular. Os fibroblastos como células
predominantes no estroma, estimulam a passagem das proteinas da matriz para 0s novos
tecidos. Os fibroblastos se comunicam com as células de melanoma via fatores de
crescimento, citocinas e interagdes célula-célula. As células de melanoma tém mostrado a
alteracdo na expressdo da caderina, resultando na habilidade de se comunicar com
fibroblastos enquanto ao mesmo tempo perde a comunicacdo com oS queratdcitos
(GOLDSTEIN et al., 2005).

Observou-se que os fibroblastos de tecidos normais podem ter um efeito inibitério, anti-

tumoral em células de mama pré-neopldsicas, enquanto fibroblastos derivados de tumor
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conferem indug¢do morfogenética e mitogénica em células de mama (SHEKHAR et al.,
2001).

O uso de inibidores angiogénicos na terapia anti-cancer, ap6s mais de 30 anos de teoria
passou de pesquisa para realidade. A vasculatura adulta normal € geralmente quiescente na
natureza, com células endoteliais se dividindo aproximadamente durante 10 anos. Em
contraste, o crescimento tumoral requer um crescimento vascular constante € uma
remodelacdo, a fim de que um tumor sélido cresca 1 a 2mm no seu tamanho. O fator de
crescimento endotelial vascular (VEGF) e seus receptores sdo reguladores chaves no
processo de angiog€nese, os quais fazem deles agentes terap€uticos atrativos. O VEGF
como agente inibidor vem sendo alvo de estudo no tratamento de cancer (ROSEN, 2005).

A importancia da angiogénese na tumorigénese € a de estudar possiveis terapias que sejam
menos toxicas e nocivas ao ser humano no tratamento de cancer, que possibilite uma
intervencdo segura e reduza a proliferacdo, invasdo e migracdo celular do tumor. Essa
investigacdo se baseia na pressuposi¢do de que as células endoteliais suprem os tumores
com a vascularizagdo e, desta forma, sdo populagcdoes celulares estdveis que ndo alteram
mesmo em eventos mutacionais das células tumorais. Estudos recentes apontam para o fato
de que a vascularizagdo do tumor € bastante anormal e que as células endoteliais que estao
no canal dos vasos sangiiineos do tumor diferem em muitos aspectos da vascularizagdao
normal (McDONALD e FOSS, 2000).

Os vasos sangiiineos dentro de um dado tumor sdo heterogéneos e sao sujeitos a influéncia
do micro ambiente local e citocinas, tais como fator de crescimento de fibroblastos,
interleucina 8 e interferon alfa, que sdo produzidos por células tumorais, macrofagos e
outros tipos de células. Esse micro-ambiente do tumor pode variar bastante quando
comparado com dreas centrais do volume tumoral, que podem ser hipdxia e necrdtica, com
mais dreas vidveis na periferia do tumor. Neste sentido, as células endoteliais dentro do
tumor podem ser heterogéneas dentro de regides diferentes do endotélio que sdo ativas,
imaturas e proliferativas, em contraste com regides onde as células endoteliais sao

quiescente ou mesmo sofrendo processos apoptoticos (EBERHARD et al., 2000).
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Terapias de cancer/ tratamentos quimioterapicos

A terapia convencional no tratamento de cancer € o uso de citotoxicos. Hoje vem se
buscando alternativas, devido aos efeitos colaterais promovidos por estes agentes e também
que levem ao aumento de sobrevida dos pacientes com esta doengca (CARTER, 2000). Uma
alternativa € o uso de agentes citoestaticos, como os inibidores de angiogénese, que podem
estar associados aos citotoxicos e serem registrados como um agente Unico € também o0s
agentes moleculares que agem na regulagdo do ciclo celular (CARTER, 2000).

A falta de regulacdo do ciclo celular leva ao estabelecimento do cancer causado pela
diferenciacdo e crescimento aberrante. O ciclo celular € um processo de regulacdo fina e
complexa que pode resultar em divisdo, diferenciagdao ou crescimento, ou mesmo contribuir
para a morte programada da célula, apoptose. A regulacdo propria envolve sinais que levam
a ativacdo das quinases serina-treonina dependentes das ciclinas (CDK), reguladas pela
ativacdo das ciclinas e inibidores de quinase dependente de ciclina (CKI) (CARTER, 2000).
Um estudo sobre a avaliagdo in vivo da formulagdo micelar polimérica do paclitaxel foi
realizado (KIM et al.,, 2001), a fim de verificar a toxicidade e eficicia. Ainda que a
formulagdo clinica hoje utilizada (Taxol) tenha se mostrado clinicamente ativa para uma
variedade de tumores, tem ela efeitos colaterais significativamente toxicos, alguns
associados a componentes da férmula na mistura de 1:1 (v/v) do Cremophor EL e dlcool
desidratado. Um dos problemas do placlitaxel na administracdo intravenosa € sua
solubilidade em dgua. Este estudo foi delineado para avaliar a farmacocinética, distribuicao
tecidual, toxicidade e eficdcia do placlitaxel (Genexol) contendo sistema micelar
polimérico biodegradavel (Genexol- PM) em comparacdo ao Taxol. Em modelo de células
de cancer humano, o Genexol-PM e o Taxol mostraram citotoxidade compardveis in vitro
contra as células de ovario OVCAR-3 e de cancer de mama MCF7. O maximo de dose
toleravel do Genexol-PM e Taxol em camundongos nude foi determinada em 60 e
20mg/Kg, respectivamente. A dose letal mediana (LDsg) em ratos Sprague-Dawley foi de
205.4mg/Kg (machos) e 221.6 mg/Kg (fémeas) para o Genexol-PM, enquanto para o Taxol
foi de 8,3mg/Kg (machos) e 8,8mg/Kg (fémeas). Apds a administracdo intravenosa do
Genexol-PM em camundongos fémeas C57BL/6J induzidas com o melanoma B16F10 na

dosagem de 50 mg/Kg, a drea da curva sobre a concentracdo plasmatica versus tempo foi
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similar ao Taxol na dosagem de 20 mg/Kg, mas a biodistribuicio do placlitaxel apds
administragdo do Genexol-PM mostrou niveis 2 a 3 vezes maiores nos tecidos incluindo
figado, rins, bago, pulmdo, coracdo e tumor quando comparado com o Taxol. A eficicia
anti-tumoral do Genexol-PM in vivo foi medida pela redu¢do do volume tumoral do
SKOV-3 (cancer ovariano humano) implantado nos camundongos atimico nude e do cancer
humano de mama MX-1 implantado no camundongo atimico Tac:Cr (NCr) foi
significativamente maior que do Taxol. Os resultados de citotoxidade, dose tolerdvel, LDsg
e eficdcia anti-tumoral sugerem que o Genexol-PM pode apresentar uma grande vantagem
sobre o quimioterdpico hoje utilizado, o Taxol (KIM et al., 2001).

Em estudo de ROSEN (2005) foi avaliado o uso de agentes inibidores no tratamento de
canceres de mama, pulmao, e colo retal. O sucesso do uso da bevacizumab (tem como alvo
todas as isoformas de VEGF, sendo aprovado como terapéutica) em fase III randomizado
para o tratamento do cancer coloretal fez crescer a esperanga que as terapias
antiangiogénicas irdo promover beneficios similares para o tratamento de outros tipos de
tumores. Entretanto, estes resultados seguidos daqueles com pivotal (inibidor anti-
angiogénico) estudo fase III em pacientes com cancer de mama, foram desapontadores.
Estes inibidores apresentaram resultados muito distintos. Ambos os tipos de tumores
apresentam altos niveis de VEGF, entretanto, como foi reportado para EGFR (receptor de
fator de crescimento endotelial vascular) em cancer de pulmdo, alta expressdo pode ndao
necessariamente correlacionar com a resposta dos agentes de alvo. Ainda, resultados
recentes em cancer de pulmdo de células ndo pequenas (NSCLC) t€ém demonstrado que
mutacdes genéticas no EGFR correlacionaram com a resposta em agentes especificos de
EGFR. E possivel que, com o tempo, alguns marcadores preditivos similares possam ser
identificados para terapias como aquelas baseadas em VEGF. Atualmente, uma grande
varredura tem sido desenvolvida de compostos anti-angiogénicos. Os resultados
provenientes destes estudos sdo necessdrios para demonstrar se a melhora nas taxas de
resposta e sobre-vida podem ser atingidas para tipos especificos de tumores por fatores de
inibicdo angiogénica diferentes. Entretanto, o conceito de inibi¢do da angiogénese como
uma modalidade de tratamento do céncer foi levantada a trés décadas atrds e a busca de um

caminho para a prética clinica € um processo de desenvolvimento lento. Dos resultados
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positivos do bevacizumab no cancer de colo retal despertou entusiasmo pela renovagdo de
agentes anti-angiogénicos, e finalmente no uso do tratamento como uma das opg¢des na
terapéutica do cancer (ROSEN, 2005).

Os inibidores da angiogénese diferem da quimioterapia convencional citotoxica, por
atacarem as células normais ao invés das células tumorais, as quais contém multiplas
mutacdes (CARTER, 2000).

O desenvolvimento clinico do inibidor angiogénico SU5416, uma pequena molécula
inibidora do fator de crescimento endotelial vascular, estd em curso. Na fase clinica I,
SU5416 demonstrou uma atividade tanto em pacientes com cancer de colo retal como em
cancer de pulmdo de células ndo pequenas. Baseado nestes resultados encorajadores,
estudos de fase III foram conduzidos para avaliar a combinacdo do SU5416 com uma
terapia citotoxica ja estabelecida (CARTER, 2000). O SU5416 € uma molécula pequena
inibitoria do fator de cresciento endotelial vascular (VEGF) pela via Fl1k-1. Neste estudo
foi concluido que mesmo havendo um risco na administracdo do SU 5416, este deve ser
tomado devido a algumas razdes: no estudo de fase I administrando 145mg/m” intravenoso
(i.v.) duas vezes por semana foi bem tolerado em administracdo cronica; os niveis
sangiiineos atingidos ficaram acima dos niveis requeridos para atividade pré-clinica; o
espectro de toxicidade ndo sobrepds com os citotoxicos; atividades clinicas e bioldgicas
foram observadas em pacientes com cancer. Com estes dados, uma combinagdo 1dgica dos
inibidores de angiogénese e citotdxicos (quimioterdpicos convencionais) tem como
estratégia o registro para uso em cancer de c6lon e de pulmio com células ndo pequenas,
como sendo um agente unico de uso subseqiiente para o estudo de fase I. Os inibidores
angiogénicos sdo talvez hoje o alvo mais interessante na terapia oncoldgica. O SU 5416
entra para registro nesta drea, desta forma modificando o paradigma dos citotoxicos para
ajustar a necessidade do desenvolvimento das drogas citoestdticas de uma maneira rapida e

16gica (CARTER, 2000).
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ABSTRACT. Biologically active peptides have been identified in enzyme
hydrolysates of various food proteins, including the milk proteins a-, B and k-
caseins, collagen and whey proteins. Therefore, the main purpose of this
investigation was an attempt to disclose fractions of hydrolysates and regions of
the collagen molecule capable of inhibiting reproduction and /or development of the
melanoma B16F10 cells, both in vitro and in vivo experiments. Fractionation using
micro- and ultrafiltration, and reverse phase chromatographic techniques were
used to obtain the fractions from the sample BCH-P1, which presented the highest
activity against B16F10 melanoma tumor cells. The physical and physicochemical
characterization and mass spectra characterization were also conducted. Basic
physicochemical composition, degree of hydrolysis, amino acid profile, ammonium
content (total and free) and isoelectric focusing were determined in order to detect
differences among the fractions obtained from micro- and ultrafiliration. Gel
permeation chromatography showed mean molecular mass for all fractions varying
according to membranes used. The isoelectric focusing from the hydrolyzed
proteins presented a broad characteristic profile. Total ammonium content and
degree of amidation were much higher for porcine collagen hydrolysate samples
compared with bovine. Mass spectra indicated peptide sequence for F1 and F2
fractions, obtained from reverse phase chromatography. These peptides

sequences presented a marked predominance of the amino acid glycine.
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Introduction

Biologically active peptides have been identified in enzyme digests of various
food proteins, including the milk proteins a-, B and k- caseins (1). Bouhallab (2)
reported the first application of the process using continuous stirred tank
membrane reactor for continuous separation of bioactive peptides. From the data
obtained, it appeared that continuous isolation of specific peptide (s) from reaction
mixture requires: use of a highly specific enzyme; rapid release of the desired
peptide; large molecule mass difference between bioactive peptides and others to
promote selective separation; high transmission rate of bioactive molecule through
the ultrafiltration (UF) membrane.

Collagen is an important constituent of the supporting structures of both
vertebrates and invertebrates. In the mammal it is generally the most abundant
body protein constituent of skin, tendon, cartilage, bone and connective tissue (3).
Some authors demonstrated nineteen types of collagen, and others only fourteen
(4). The collagen types found in skin are predominately types | and Ill, for cartilage
type Il (4). When solutions of collagen are heated at about 40°C or above,
denaturation occurs and the helical structure is lost (5,6). In the present study
bovine and porcine skins were used to prepare collagen hydrolysates.

Examination of the collagen products in the ultracentrifuge showed that two
main components a and [3 were obtained, the 3 with a molecular mass two fold
larger than a. Most recent values reported for molecular mass of the a component

were between 91,000 and 95,000 Da. Another component y, which sediments
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faster than B and has a molecular weight similar to that of the tropocollagen
molecule can also be separated (5,6). The two a components, designated a1 and
a2 differed in amino acid composition (7).

The enzymatic substrate specificity leads to hydrolysates with different
properties. Trypsin presents specificity for Arg and Lys from N-terminal end,
chymotrypsin for Tyr from C-terminal end and the CNBr reagent is specific for Met
from N-terminal end. There are other proteolytic enzymes with different specificity.
Depending on pH, temperature, concentration, ionic strength and all conditions in
which the substrate and enzyme is exposed, the hydrolyzed product will present
different size of chains and interaction among them (8). Some proteases act better
in alkaline pH, but do not present any specificity to break the polypeptide chain,
generating hydrolyzed products very difficult to be characterized.

The complete amino acid sequence of the 914-residue-pepsin fragment,
a1(lV)95 from the a1 chain of human placental basement membrane (type IV)
collagen was reported (9).

The sequence Gly-Pro-Hypro appears as a repeating sequence, even in
different types of collagen (types I, lll and V) in the chains a1 and a2 (10). This
similarity in collagen chains promotes more non-specific regions to be identified as
responsible for some defined bioactivity.

The collagen type | presents preferably hydrogen bonds between its chains,
but collagen type Ill presents disulfide bonds between cysteine amino acids in the

tropocollagen region of the chain, which stabilizes the collagen structure (4, 10).
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The cDNA and protein sequences of the N-terminal half of human basement
membrane collagen (type IV) have been determined (11). Overlapping cDNA
clones were constructed by repeated primer extension with synthetic
oligonucleotides. At the protein level, the sequence of the cyanogen bromide
peptide CB6 adjacent to the 7S domain has been additionally elucidated. The data
presented (11) completed the protein sequence and nearly the entire cDNA
sequence of the human a1(IV) chain.

In the present study the partial characterization of bovine and porcine skins
collagen hydrolysates was attempted by the use of membranes micro- and
ultrafiltrations, gel permeation chromatography-HPLC, isoelectric focusing and RP-
HPLC chromatography-mass spectrometry.

The main purpose of this investigation was an attempt to disclose fractions of
hydrolysates and regions of the collagen molecule capable of inhibiting
reproduction and /or development of the melanoma B16F10 cells, both in vitro and

in vivo experiments, which was done in subsequent investigations.

Experimental

Samples

Collagens hydrolysates were obtained from bovine (lot 40701; BCH) and
porcine (lot EH 4517 ;PCH) skin raw materials supplied by Gelita Group (Gelita

South America), Cotia, Sao Paulo, Brazil.
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Samples preparation for the studies

Fractionation. The starting materials were ultra-filirated using kit of
membranes from WGM with different membrane cut off: first membrane KOCH
number 180 (4439-5 S4-M) cut off= 50KD-80KD; second membrane KOCH
number 131 (KM824936 3022N) cut off= 5SKD-8KD; third membrane KOCH number
328 (KM830532-3003V) cut off= 1KD-2KD. Solutions at 25 % concentration of
bovine and/ or porcine collagen hydrolysates were prepared and passed through
these three membranes taking the permeate from the first membrane and passing
through the next membrane (second) and for the third membrane the same
procedure was conducted, following with the second permeate to ultrafiltrate in the
third membrane. Therefore, three permeates (P1, P2, P3) were obtained from both
bovine or porcine collagen hydrolysates. Hydrogen peroxide was added (600ppm)
to the permeates to preserve them until the time of spray drying. Prior to drying, the
hydrogen peroxide was decomposed using a catalase solution from Novo Nordisk.

Final permeates were designated: BCH-P1/ PCH-P1 (80-50 KDa); BCH-P2/
PCH-P2 (8-5 KDa) and BCH-P3/ PCH-P3 (2-1 KDa).

Molecular sieve fractionation. The permeate of bovine collagen hydrolysate
obtained in the first KOCH membrane (BCH-P1) was selected to be fractionated
using AMICON membranes ULTRA-4 (50; 30; 10; 5; 3 KDa cut off) from Millipore.
Solution of 2 % of BCH-P1 was prepared and was passed through these five
AMICON membranes taking the permeate from the first membrane (50KDa) and
passing through the next (30KDa) membrane (second) and subsequently to all

other membranes. The retentates R1 (>50KDa), R2 (<50>30KDa), R3
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(<30>10KDa), R4 (<10>5KDa), R5 (<5>3 KDa) and the last permeate P5 (<3KDa)
were collected. All the collected samples were freeze-dried for further studies.

Basic chemical characterization. Dry extract and moisture content (12, 13) ;
protein content (12, 13) determination was based on Kjeldhal methodology using
for collagen the conversion factor 5.5; non-protein nitrogen (13); ash content (12)
and ammonium content was also determined: the hydrolysate was treated with 0.5
mL sulfuric acid for 4 hours at 105C. Subsequently the content of ammonia was
determined by an enzymatic test kit (Boehringer Mannheim/ R-Biopharm, UV
method, Cat.No. 11 112 732 035). In addition the ammonium content in the
untreated hydrolysate was determined. The difference between both values
estimate the amino acid amide content. Calculated as mmol/g the degree of
amidation in the hydrolysate could be found. The theoretical value of the total
glutamic acid and aspartic acid content, known from literature and previous amino
acid analysis, is 1.12 mmol/g (Glu: 0.71 mmol/g + Asp : 0.41 mmol/ g).

Determination of degree of hydrolysis. The methodology was adapted and
adjusted for collagen hydrolyzed samples from the method proposed in the
literature (14). The degree of hydrolysis (DH%) is defined as the number of broken
peptide linkages divided by the total peptide linkages. The DH (%) can be
measured using TNBS (2,4,6 trinitrobenzenesulfonic acid dihydrate) reaction.
Primary amines form chromophore with TNBS under alkaline conditions and this
reaction is interrupted when the pH is decreased. This reaction quantitates amino
groups released during the hydrolytic reaction.

The equation to calculate DH (%) using TNBS is:
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ABS=ax[]+b

DH=h/h , x 100

where:

x=signal of multiplication

h=is the number of hydrolyzed bonds

h = is the total number of peptide bonds per protein equivalent
DH= the percentage of cleaved peptide bonds.

Amino acid determination. Amino acids composition was determined after

acidic hydrolysis at 110°C using closed tubes submitted to vacuum condition for
24-96 hours (15). The determination was conducted using reverse phase
chromatography (column Cyg, 100A, 54, 250 x 4.6mm) using phenilisothiocianate
(PITC) to derivatize the amino acids from acid hydrolysis , in order to form PTC-
amino acid derivatives. The detection is made after RP-HPLC (linear binary
gradient pH 6.4 , running 1mL/min and column temperature at 58°C) at 254nm.
The buffer A used was sodium acetate 0.14N, acetonitrile 0.14N and triethylamine
0.14N and buffer B is acetonitrile in water Milli-Q at 6:4 ratio.
The tryptophan content determination was conducted by using the colorimetric
reaction with p-dimethylaminobenzaldehyde (PAB) of hydrolyzed samples using
the enzyme pronase and measurement at 590nm (16).

Determination of molecular weight distribution. Peptide mixtures (bovine

or porcine collagen hydrolysates) resulting from fractionation using KOCH
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membranes were initially fractionated on TSK 2000 (G2000SW, 13um, 125A; 2.15
x 30cm) column equilibrated at 20°C in sodium phosphate buffer at pH 5.3. The
columns were run at 0.5mL/min. Column eluent was monitored at 214 nm using a
filter detector. It was injected 20uL of sample solution at 2% concentration in
benzoic acid 0.01%.

Isoelectric focusing characterization using PAGE-SDS. Using
eletrophoresis technique and staining with Coomassie Blue at 50°C for 30 minutes.
For isoeletric focusing, electrode wicks long size- SERVA number 42987 and filter
cardboard (240 mm x 6mm x 1Tmm) were used. Anode fluid 3 and catode fluid 10
were also used in an equipment Multifor. Marker with different pl was Servalyt
(amphoteric markers from pH 2.0 to pH 11.0). To run the samples 2000V, 14 mA,
14Watts was applied for 75 minutes.

Characterization of peptides using reverse phase-HPLC. This
methodology was conducted using analytical and preparative columns of reverse
phase chromatography in HPLC, in order to identify and separate the peptides
which presented hydrophobic characteristic from those more hydrophilic and also
to collect collagen fractions to be analyzed in mass spectrometer. Therefore, it was
collected four fractions from RP (reverse phase preparative chromatography).

The analytical C1g column used was Vydac TP-RP 5215; 2.1mm x 15cm. Solvent A
was water 1.06% trifluoroacetic acid (TFA) and B 80% acetonitrile in water 1.0%
TFA. The column was thermostated at 40°C and a flow rate of 0.25mL/min was

used throughout. The sample was eluted at 3mg/mL in buffer A, injected 30pL.
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Step gradient of 5 minutes was done starting with 100% of buffer A until achieving
60% and buffer B starting with 0% until 40%, the last running minutes 80% of
buffer B was used to clean up the column. The total running time was 51 minutes.
HPLC used was an Alliance Waters 2487 equipped with a variable wavelength
detector, at 214nm and an automatic sample injector.

The preparative Cig column used was Prep Nova Pak HRC18 Waters (WAT
038528), 6pum, 60A; 25 x 10 mm. Solvent A was water 1.06% trifluoroacetic acid
(TFA) and B 80% acetonitrile in water 1.0% TFA. The column was thermostated at
40°C and a flow rate of 30mL/min (56bar) was used throughout. The sample (1mL)
was eluted at 200mg/mL in buffer A. Step gradient of 5 minutes was done starting
with 100% of buffer A until achieving 60% and buffer B starting with 0% until 40%,
the last running minutes 80% of buffer B was used to clean up the column. The
running time was 51 minutes. The software used was EZCHROM. HPLC used was
a Dynamax equipped with a variable wavelength detector, reading at 214nm and a
manual sample injector. Fractions were collected by hand.

Mass spectrometry. The mass spectrometry is based on analysis of
molecules ionized in gas phase. The measurement was conducted using
mass/charge (m/z) of molecular ions or fragments generated. In this way it is
possible to determine the molecular mass of components under study.

According to determination previously made at the Institute Nationale des
Researches Agronomoque (I.N.R.A.), the spectrometer used was RP/MS

(Quadrupole and Electro-spray —Star XL ESI). For RP-HPLC the methodology
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mentioned above used a column Cis. The collagen hydrolysate was separated in
hydrophylic phase more than in hydrophobic (until 40% of buffer B).

Statistical analysis. Basic chemical characterization, degree of hydrolysis
and amino acid profile, and all measurements which were performed were
compared by one-way analysis of variance. Differences were expressed by p<0.05.
Differences in basic chemical composition (protein content, moisture content) were
tested for statistical significance, using analysis of variance and differences among
means by the Duncan's or the Tukey's test at p<0.05. All the experimental data

were expressed as mean + sdm.

Results and Discussion

The results of chemical and physicochemical characterization of the bovine
and porcine hydrolysates and hydrolysate fractions will be presented and
discussed.

Basic chemical characterization. Table | presents the percentage
composition of the original bovine and porcine collagen hydrolysates (BCH/ PCH)
and of their fractions (P1, P2, P3) from KOCH membranes fractionation. Bovine
samples presented moisture content from 5% to 3% and porcine samples from
7.2% to 4.6%. The protein content also varied from 96.2% to 93% for bovine
samples and from 95.1% to 90% for the porcine. The production lots BCH (40701)
and PCH (EH4517) presented as specification “not lower than 90% protein”. The

lipid content was low in all samples, from 0.05% for original samples to 0.03% for
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all the bovine and porcine fractions. The ash contents were also low varying from
0.4% to 0.2% and the only sample presenting 0.4% ash content was BCH. The
carbohydrate contents were estimated by difference.

Protein content and soluble protein were also analyzed in various samples.
For BCH, the total protein was 95.02% and soluble protein (15% TCA) was
86.41%, therefore, only 8.61% referred to insoluble proteins indicating larger
peptides. For BCH-P1 the total protein was 96.98% and soluble protein (small
peptides) 91.40%, so only 5.58% was insoluble peptides in 15% TCA solution.
These suggested that the samples presented peptides with low number of amino
acid residues and due to high glycine and absence of the sulfurous amino acids,
cystine and cysteine, hydrophobicity was very low. The native collagen does not
present the amino acids residues, cystine and cysteine, but synthetic collagen
presented shorter fragments in which the three strands are held in a staggered
array by disulfide bonds (17).

Insert Table I.

Free and total ammonium content. The alkaline pre-treatment which the
collagen hydrolysates are submitted causes hydrolysis of amide groups of collagen
that does not happen in acid treatment. The alkaline hydrolysis converts
asparagine and glutamine to aspartic acid and glutamic acid, respectively. This
conversion changes the isoeletric point of the collagen hydrolysate toward lower
values. Arginine also could be converted to ornitine and/ or citruline, releasing
ammonium. The amount of ammonium is related to the hide conditioning, the

longer it is the more ammonium is formed. In the presence of glutamate
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desidrogenase (GDH) and NADH, the ammonium reacts with 2-oxoglutarate to
produce L-glutamate. The amount of NADH is the same as the ammonium content
measured at 340 nm (3). The total ammonium content is the sum of free
ammonium and bound ammonium, which is released by deamidation (Figure 1).
The porcine skin raw material is submitted only to acid conditioning before being
extracted and further submitted to enzymatic hydrolysis. On the other hand, bovine
skin raw material is submitted to alkaline and acid conditioning before extraction
and enzymatic hydrolysis. This alkaline conditioning, sometimes is done with a
liming treatment which promotes deamidation of glutamine and asparagine. The
isoeletric range of bovine collagen is lower around pHS5.0-5.2 than porcine
collagen, which is around pH8.5-9.2 (3). It is clearly noticed that total ammonium of
porcine collagen hydrolysates is much higher than the bovine collagen
hydrolysates. The degree of amidation (content of the amide glutamine and
asparagine) is an indirect proof for any alkaline pre-treatment during the production
process of collagen hydrolysates. As expected the bovine hydrolysates show a
significantly lower degree of amidation than the porcine hydrolysates.

Insert Figure 1.

Degree of hydrolysis. Bovine samples achieved from 8.5% to 7.6% degree
of hydrolysis and porcine samples from 7.9% to 6.6%. Compared with other protein
hydrolysates, such as whey protein concentrates (WPC) extensively hydrolyzed,
reaching degree of hydrolysis (DH) around 2.5-2.75%, the collagen hydrolysates
should still support some degree of molecular unfolding. The non-aggregated

hydrolysates of B-lactoglobulin and a-lactoalbumin remained unaffected up to
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about 4% DH (18). In this study (18), limited proteolysis of whey protein by papain
at pH 6.5 and subsequent thermal unfolding at acidic pH were studied. The degree
of hydrolysis (DH) for functionality was about 3.0%, characterized by a significant
reduction of aggregated whey protein present in commercial ultrafiltered WPC. The
more acidic treatment favored a better solubility of aggregated protein at very low
DH (18).

Amino acid profile. Collagen protein does not present significant amounts of
tryptophan, cystine and/ or cysteine amino acid residues. The significant amino
acids present in both bovine and porcine collagen hydrolysates are glycine, proline
and hydroxyproline, this last one was not measured separately but as a proline.

The idea that the primary sequence of a polypeptide chain carries information
for higher levels of structure is well established. The basis of the triple-chain helical
structure of the collagen molecule can be understood in terms of glycine at every
third position in the sequence and high content of proline and hydroxyproline. The
glycine permit triple-chain packing and the imino acids, proline and hydroxyproline,
direct the individual chains into a polyproline IlI-type helix (19). Major collagen of
higher animals has two kinds of chains: a-1 and a-2, with different sequence, but
homologous (20, 21). Residues 403-1011 in a triplet region and the 25™. residues
in the C-terminal non-helical region derived from cyanogen bromide peptides a-
1CB-3, a-1CB-7and a-1CB-6 from calf skin collagen (22). In the present study
17.9% to 20.7% glycine, 13.8% to 16.36% proline and 9.06% to 10.3% alanine was

determined, as shown in Table Il. The tryptophane content varied from 0.06% to
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0.33% considering all samples analyzed, which is also demonstrated in collagen
type | for both a-1 and a-2 chains (23). The amino acid compositions were similar
to those of other gelatins from various sources, including the characteristic
composition of type | collagen (3, 9, 24).

Insert Table Il.

Isoelectric focusing determination. Figure 2A shows the bovine samples
isoelectric pH range, which varied from 4.6 to 7.2 and Figure 2B the isoelectric pH
ranged from 6.6 to 8.6 for porcine collagen hydrolyzed samples. The hydrolyzed
samples show a broad and non-defined pl range, also found for other protein
hydrolysates, as whey and casein hydrolysates (18). As the molecular masses of
the fractions reduced, concentrations of the bands were also reduced.

Insert Figure 2A and 2B

Gel permeation chromatography (GPC) — HPLC. The molecular weight
profiles found in gel permeation chromatography was in accord with the cut off of
the membranes used in the fractionation. Mean molecular masses found were
BCH 3.0KDa; BCH-P1, 2.5KDa; BCH-P2, 1.7KDa and BCH-P3, 1.4KDa. Porcine
samples presented lower mean molecular mass than bovine samples, and PCH-P1
did not differ from PCH. PCH and PCH-P1 mean molecular mass was 2.2KDa,
PCH-P2, 1.6KDa and PCH-P3, 1.4KDa. The profiles found in Figure 3A and 3B
showed that BCH, BCH-P1, PCH and PCH-P1 presented molecular masses
distribution more spread with fractions of molecular masses 7.5 and 3.5KDa. On

the other hand, the samples BCH-P2, BCH-P3, PCH-P2 and PCH-P3 presented
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molecular masses distribution more concentrated around 1.5KDa. The profiles
found for bovine and porcine samples were the expected as already reported in the
literature (9).

Insert Figure 3A and 3B.

Reverse phase — mass spectrometric analysis. From reverse phase
chromatography (Table Ill and Figures 4, 5, 6 and 7A,B) four fractions were
collected: F1, F2, F3 and F4 with different hydrophobicity, F1 less hydrophobic and
F4 more hydrophobic. Mass spectrometric analysis was applied to identify some
peptides which correlated with bioactive peptides (data not shown).

Insert Table Il

The fractions which presented the best biological response were F1 and F2.
For fraction F1 the highest intensity (peak of molecular mass) was 744 daltons
(M+H") corresponding to the primary sequence number 73 to 80 of peptide
sequence. The proposed amino acid composition and sequences are:
GMKGQPGA or VALRSQA based on protein sequence data base (10). For fraction
F2, the highest intensity (peak of molecular mass) was 879.8 daltons (M+HY).
Therefore, this peak might have fragmented into other small peaks, which was
suggested a probable sequence from 223 to 232 of the primary amino acid
sequence of collagen, 40% G; 10% L; 30% P; 10% E and 10% T (PGLGEGLPGT)
(1,2, 3,9, 10,11). This sequence seems to repeat in different parts of the collagen
molecule at different proportions. The sequence found (9) for collagen type IV, a-1

chain contains 12 interruptions of the collagenous triplet sequence Gly-Xaa-Yaa
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which varied in length from 1 to 11 residues. In our study the sequence proposed
for F2 also presents this collagenous triplet sequence GLP (Gly-Leu-Pro).

Evaluating Figure 4B it can be found molecular masses from 429Da to
1379.9Da (M+H"), considering the majority of peaks around 550 and 990Da. The
second peak considering intensity was 429.3Da (M+H") and the third was 811.5Da
(M+H"). This mass spectrum identified twenty-three peptides presenting a mean
molecular mass around 820Da.

Figure 5B twenty-three peaks corresponding to molecular masses from 415 to
1259.8Da (M+H™) were also identified, presenting a mean molecular mass around
790Da. The profile showed in Figure 5B is broader than one presented in Figure
4B, but even though the mean molecular mass is similar.

The fraction F3 (Figure 6B) presented 29 peaks from 429.3 to 1455Da (M+H™)
achieving a mean molecular mass around 830Da presenting. On the other hand,
Figure 7B presented only 12 molecular mass peaks with a mean molecular mass
of around 690Da. Probably, the common sequence found in all four fractions
presents glycine as could be found in the literature (10, 25) and in type IV collagen
with known sequence (9, 11).

The angiotensin converting enzyme (ACE) inhibitory peptides presented also
fragments arising from the third step of serial proteases treatment, which were
composed of peptides ranging from 0.9 to 1.9 kDa. Two catalytically active
peptides were separated by the consecutive chromatographic methods including
gel filtration, ion-exchange chromatography, and reverse-phase high performance

liquid chromatography. The isolated peptides were composed of Gly-Pro-Leu and
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Gly-Pro-Met. These results suggested that Gly-Pro-Leu would be useful as a new
anti-hypertensive agent (25).

Antioxidative peptides from gelatin hydrolysate of Allaska Pollack skin were
isolated using consecutive chromatographic methods. Two peptides which showed
strong antioxidative activity were composed of 13 and 16 amino acids residues,
and both peptides contained Gly residue at the C-terminus and the repeating motif
Gly-Pro-Hyp (26).

The cyanogen bromide hydrolysate a1(IV)95, which is a pepsin fragment from
human placenta obtained by using a two-step digestion followed by a separation by
molecular sieve column HPLC, was separated on Sephadex G-75 superfine. Each
fraction was rechromatographed using reverse-pahse HPLC producing 15 peptides
(CB1 to CB15) with unique N-terminal sequences (9). This pepsin fragment,
a1(1V)95, presented 302 glycine residues. Fragments CB2 to CB8 presented from
50 to 18 glycine residues per peptide, the other CB fragments presented lower
number of glycine residues. CB fragments present 66 residues of glutamic acid
and 71 residues of proline for collagen ai1(IV)95. For hydroxyproline there were
128 residues for a1(IV)95, but CB2 and CB3 presented only 26 and 20 residues
per peptide, respectively. The other CB fragments presented lower number of
hydroxyproline residues per peptide. The amino acids which were present in CB
fragments and a1(IV)95 at higher number of residues per peptide were glycine,
hydroxyproline, proline and glutamic acid, followed by hydroxylysine and leucine.

This same order of higher residues of amino acids was found for thermolysin- and
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trypsin-derived peptides of a1(IV)95. To identify approximately 90% of the
sequence of collagen type IV a-1 chain, cyanogen bromide, thermolysin and
trypsin cleavage were applied, and to separate the peptides reverse phase
chromatographic techniques and gel permeation were used (9).

In the present study the original bovine and porcine collagen hydrolysates
samples were produced by hydrolysis of non-specific alkaline protease, which did
not allow identifying the site of collagen chain that was cleaved.

The use of reverse phase chromatography provided similar profile already
found by Babel et al. (9, 11). On the other hand, sample analyzed by Babel et al.
(9, 11) differed greatly from the samples used in this study.

Insert Figures 4A,B; 5A,B; 6A,B; 7A,B.
Conclusion

In this study, the HPLC-MS analysis method for collagen derivates was
established. By this method, four fractions were obtained and each one was
characterized according to molecular mass. The proposed peptide sequences
were suggested for two fractions, showing that glycine and proline were the most
present residues. The collagen derivates samples were also physico-chemically
characterized and bovine collagen hydrolysate differed from porcine mainly in

isoeletric focusing and ammonium content (degree of amidation).
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Table |. Basic chemical composition of hydrolyzed bovine and porcine

collagens and their fractions obtained through KOCH membranes fractionation.

Samples Solid Protein Lipid Ash / Mineral Carbohydrate
Content Content Content (%) content (%)
(%) (%) (%)

BCH 95.02 93.00 0.05 0.4 1.58

BCH-P1 96.98 96.16 0.03 0.2 0.59

BCH-P2 96.62 95.05 0.03 0.3 1.24

BCH-P3 96.83 95.35 0.03 0.2 1.25

PCH 93.61 90.16 0.05 0.3 3.09

PCH-P1 95.35 95.08 0.03 0.2 0.04

PCH-P2 92.95 92.59 0.03 0.2 0.13

PCH-P3 92.81 91.71 0.03 0.2 0.88
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Table Il. Amino acid profile of bovine and porcine collagen hydrolysates.

SAMPLES
AMINO ACIDS
(g/ 1009) BCH BCH-P1 PCH PCH-P1
aspartic acid 5.80 5.82 5.83 5.77
glutamic acid 10.08 10.30 10.24 10.34
serine 3.26 3.32 3.34 3.35
glycine 23.12 24.71 23.52 24.72
histidine 0.66 0.62 0.67 0.71
arginine 7.52 7.85 8.30 8.70
threonine 1.63 1.80 1.63 1.70
taurine 1.65 1.68 1.63 1.96
alanine 8.90 9.84 8.92 9.51
proline 13.40 14.23 13.60 14.11
tyrosine 0.58 0.54 0.70 0.79
valine 2.87 3.20 2.83 3.15
methionine 1.10 1.20 1.10 1.21
cystine 0.76 0.72 0.53 0.65
isoleucine 1.39 1.54 1.05 1.16
leucine 2.73 3.1 2.59 2.93
phenylalanine 1.71 1.82 1.79 1.99
lysine 2.76 3.03 2.58 3.01
tryptophane 0.12 0.12 0.33 0.06
TOTAL
AMINO ACID 88.39 93.77 89.55 93.86
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Table Ill. MS data of the peptides of bovine collagen hydrolysate fraction P1
(molecular mass lower than 80KDa).

Peak number Peptides lon fragments (m/z)

1 Fraction one (F1) 429.3, 501.4, 558.5, 579.5,
586.5, 602.5, 611.7, 642.5,
690.8, 736.6, 744.7, 811.5,
832.8, 869.6, 878.7, 922.8,
958.5, 996.7, 1021.8, 1105.8,
1140.8, 1266.5, 1379.9

2 Fraction two (F2) 415.3, 429.3, 459.4, 503.5,
547.6, 564.8, 591.7, 608.5,
635.8, 683.8, 755.5, 810.8,
828.7, 853.9, 879.8, 953.2,
980.9, 999.8, 1035.8, 1103.7,
1148.9, 1157.0, 1259.8

3 Fraction three (F3) 429.3, 449.3, 541.7, 577.7,
585.4, 594.5, 629.5, 635.8,

652.6, 682.7, 696.7, 726.8,
740.8, 757.6, 770.5, 784.9,
814.7, 828.7, 858.8, 902.8,
939.6, 945.5, 979.8, 1090.8,
1147.2,1217.8, 1290.7,
1395.3, 1455

4 Fraction four (F4) 429.3, 503.1, 541.7, 585.8,
629.5, 673.6, 712.8, 756.5,
800.7, 844.8, 888.8, 932.6,
1149.9
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Figure 1. Total, free ammonium content and degree of amidation (%) of bovine and porcine

collagen hydrolysates and their fractions obtained through KOCH membranes fractionation.
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Figure 3A. Gel permeation chromatography of bovine collagen hydrolysates
obtained by KOCH membranes fractionation. The lines in the figure 3A are: 1-
BCH, mean molecular mass 3.0KDa; 2- BCH-P1, mean molecular mass 2.5KDa;
3- BCH-P2, mean molecular mass 1.7KDa; 4- BCH-P3, mean molecular mass

1.4KDa.
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Figure 3B. Gel permeation chromatography of porcine collagen hydrolysates
obtained by KOCH membranes fractionation. The lines in the figure 3B are: 1-
PCH, mean molecular mass 2.2KDa; 2- PCH-P1, mean molecular mass 2.2KDa;
3- PCH-P2, mean molecular mass 1.6KDa; 4- PCH-P3, mean molecular mass

1.4KDa.
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ABSTRACT:

The protective effect of beef (BCH) and pig (PCH) collagen hydrolysates and their
fractions were tested as antiulcerogenic agents in rats (250-350 g), against
ulcerative lesions caused by ethanol. Beef and pig collagen hydrolysates were
fractionated by ultrafiltration into different molecular weight fractions. The protocol
employed a negative and a positive control and single dose of the experimental
samples given by intragastric intubation. The beef collagen did not present a dose
response correlation in the ethanol model whereas pig collagen showed a
logarithmic dose response relationship. Beef collagen hydrolysate decreased the
ulcerative lesion index (ULIl) of 55% versus 61% decrease for pig collagen
hydrolysate at the same dosage (750 mg/kg bw). No significant differences were

found (p>0.05) between the hydrolysate and its fractions.

KEY WORDS: collagen hydrolysates. mucosa protection. ulcerogenic agent.

ulcerative lesions.
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INTRODUCTION

Collagen has been used for tissue regeneration mainly because of some
important properties such as: imunogenicity, ionic capability to attract blood
components which are essential to tissue regeneration, platelet aggregation
induction in blood coagulation, mechanical protection to digestive tissues cells and
slow enzymatic digestibility allowing it to remain in the digestive tract for enough
time to promote tissue recovery .

The gastric mucosa is among the most important tissue in the organism on
account of its function, structure and pathological processes that can take place in
it 2. It is accepted that the peptic ulcerogenesis (gastric and duodenal) results from
an imbalance between infectious agent such as the bacterium Helicobacter pylori
or aggressive chemical agents versus protective substances like mucus,
bicarbonate, prostaglandins, sulfhydryl compounds as well as the blood flux to the
mucosa cells 34°%7,

Absolute ethanol acts by destroying mucosal cells by direct contact’
independently of the gastric acidity. It destroys initially the stomach protecting
layers and finally reaches the superficial mucosa causing cells necrosis and
liberation of vasoactive mediators leading to vasoconstriction, edema and
hemorrhage ®.

In the present research work the possible protective effect of beef and pig collagen

hydrolysates against ethanol ulcerative lesions was investigated.
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MATERIALS AND METHODS

Collagen hydrolysates

Beef and pig collagen hydrolysates were from commercial production line
(lots 40701 and EH 4517, respectively) and supplied by GELITA GROUP (GELITA
SOUTH AMERICA) - Cotia, Sao Paulo, Brazil. The two lots were fractionated by
ultrafiltration using a polymeric membrane kit supplied by WGM, Sao Paulo, Brazil,
presenting different molecular weight cut off: a) KOCH membrane N°. 180 (4439-5
S4-M) molecular weight cut off 50KD-80KD; b) KOCH membrane N°.131
(KM824936 3022N) molecular weight cut off 5KD-8KD; ¢) KOCH membrane N°.

328 (KM830532-3003V) molecular weight cut off 1KD-2KD.

Solution of 25% (w/v) of beef or pig collagen hydrolysate was prepared and
passed through the first membrane (a). The permeate from this membrane (P1)
was passed through the second membrane (b) collecting a second permeate (P2)
and finally the permeate P2 was passed through the third membrane (c) generating
a permeate (P3). To the permeates were added 600ppm hydrogen peroxide to
preserve it until dehydration by spray drying. The solutions were kept under
refrigeration to be spray dried in the next day at a feeding temperature of
approximately 130°C and an outlet temperature of 50°C.

Experimental ulcerogenesis protocol

The general protocol adopted in this investigation is illustrated in Figure 1.

The rats (Rattus norvegicus) used were adult males of the Wistar strain weighing
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250 — 350 g, acquired from the experimental animal colony of the University of
Campinas, Campinas, Sao Paulo, Brazil. Prior to the experiments, the animals
were maintained for at least 7 days at the experimental laboratory at 20°C with
alternating cycles of 12h light and 12h dark, receiving commercial ration and water
ad libitum.

The protocol used physiological saline (10mL/ Kg bw) as negative control,
carbenoxolone (200 mg/Kg bw) an antiulcerogenic drug as positive control, and
absolute ethanol (1 mL/ animal) as the ulcerogenic agent. The experimental
samples (beef or pig collagen hydrolysate) were administrated in single doses and
in different amounts. The saline, the carbenoxolone, the ethanol and the

experimental samples were all given to the rat by intragastric intubation.

The protocol was approved by the Ethical Commitee for Animal Experimentation of
the University of Campinas, Sao Paulo, Brazil.

Ulcerative lesion analysis

The ulcerative lesion index (ULIl) was estimated by the summation of
parameters, as follows °: loss of normal mucosa morphology, 1 point; discoloration,
1 point; mucosa edema, 1 point; hemorrhage, 1 point; petechial points (until 9), 2
points; petechial points (>10), 3 points; ulcers (up to 1mm), n* x 2 points; ulcers
(>1mm), n* x 3 points; perforated ulcers, n* x 4 points; (n* = number of ulcers

found). Percent reduction of the ULI was calculated by the expression: % reduction

ULI = {(mean ULI negative control — mean ULI testing sample) / mean ULI negative
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control)} x 100. The number of rats used in each test for the calculation of the ULI

varied from six to thirty, depending on variation encountered in the experiments.

The effective dose for 50% decrease of ULl (EDsp) was calculated by using
increasing single doses (100, 200, 375, 750, 1000, 1500 mg/Kg bw) of the testing

sample and a logarithmic correlation equation.

Statistical analysis
The experimental results were subjected to analysis of variance (ANOVA) and the
criterion for critical statistical significance was 5% probability (p< 0.05).

Comparison of means was done by Duncan’s test.

RESULTS

Table 1 shows the reduction in the ULI due to intragastric intubation of
increasing single doses of beef collagen hydrolysate. A reduction of the order of
20% in the ULI was observed for the dosage of 100 mg/Kg bw whereas a reduction
of about 55% in the ULI from dosages ranging from 200 to 1,500 mg beef collagen
hydrolysate per Kg of rat body weight were measured, with no statistical
differences among these dosages. Therefore, beef collagen hydrolysate reached a
maximum of 55% reduction in ULI at a dosage 200 mg/Kg bw with no reduction

correlation in the range of 200 to 1,500 mg dosages per Kg body weight.

The antiulcerogenic drug carbenoxolone reduced ULI by 86%. All the results are

based on the physiological saline as negative control.
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TABLE 1. THE ULI (ULCERATIVE LESIONS INDEX) OBTAINED FOR
CARBENOXOLONE AND BEEF COLLAGEN HYDROLYSATE (BCH) AT
DIFFERENT CONCENTRATIONS, USING ETHANOL MODEL AND SINGLE
DOSE GASTRIC INTUBATION.

Intragastric intubation dosage number ULI Y%Reduction
(mg/Kg bw) of animals (mean + sdm) of ULI

Saline (a) - 31 122.1 +28.1
Carbenoxolone 200 30 17.4 £8.4* 85.8
BCH 50 6 122.7 +26.6™ 0
BCH 100 22 98.7 £29.9** 19.1
BCH 200 15 57.7 £21.1*** 52.7
BCH 375 12 59.7 +17.8*** 511
BCH 750 19 54.4 +19.8*** 55.4
BCH 1000 12 62.7 £11.3*** 48.6
BCH 1500 10 55.5 +11.8*** 54.5

(a) Saline dosage of 10 mL/ Kg bw. ANOVA Fg1s5 = 56.71, P<0.00001 by

Duncan's test. ns= non significant; ** p<0.01; *** p<0.001.

The efficacy of pig collagen hydrolysate to decrease the ULI is reported in Table 2.
Contrary to the beef collagen, pig collagen presented a logarithmic dose response
relationship in the range of single doses from 100 to 1,500 mg pig collagen
hydrolysate per Kg of rat body weight. The reduction in ULl ranged from 12%

(100mg) to 75% (1,500 mg/ Kg bw).
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TABLE 2. DOSAGE EFFECT FOR PIG COLLAGEN HYDROLYSATE (PCH)

USING ETHANOL MODEL AND SINGLE DOSE GASTRIC INTUBATION.

Intragastric intubation dosage number ULI % Reduction
(mg/Kg bw) of animals (mean + sdm) of ULI
Saline (a) - 36 122.1 +28.12
Carbenoxolone 200 36 17.6 +8.4™** 85.5
PCH 100 6 107.4 £19.2" 11.9
PCH 200 15 85.7 £24.9** 29.8
PCH 375 20 70.5 £24.5** 42.2
PCH 750 15 47.9 £19.4*** 60.7
PCH 1000 16 53.2 £ 20.4* 56.4
PCH 1500 6 30.4 £5.3 75.1

(a) Saline dosage of 10 mL/ Kg bw. ANOVA F7 149 = 68.60, P<0.00001 by

Duncan’s test. ns= non significant; ** p< 0.01; *** p<0.001.

The logarithmic equation and the curve showing this relationship is shown in Figure
2. This equation permitted a calculation of an EDsy of 541 mg of pig collagen per
Kg of rat body weight.

Compared with the saline treatment, carbenoxolone (positive control) reduced the
ULI by 85.5% (p<0.001) while the pig collagen reduced it by 60.7% and for beef

collagen the reduction was about 55% at a dosage of 750 mg/ Kg bw.
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The comparative effect of a single dose of 200 mg/ Kg bw of beef collagen
hydrolysate and its hydrolysate fractions (P1, P2 and P3) in the reduction of the
ULI is shown in Table 3. Based on the physiological saline the beef hydrolysate did
not differ from the fraction beef P3 (p>0.01) but both differed from beef P1 and P2,
which differed from saline at only p< 0.05. Carbenoxolone (antiulcerative drug) also
referred to saline differed from all the collagen samples (p<0.001) with a reduction

in the ULI of 83.7%.

TABLE 3. DOSAGE EFFECT FOR BEEF COLLAGEN HYDROLYSATE (BCH)
AND ITS FRACTIONS P1, P2 AND P3 USING ETHANOL MODEL AND SINGLE

DOSE GASTRIC INTUBATION.

Intragastric intubation dosage number ULI % Reduction
(mg/Kg bw) of animals (mean +sdm) of ULI
Saline (a) - 17 124.3140.24
Carbenoxolone 200 18 20.28+4.39*** 83.7
BCH 200 23 73.96+34.06** 40.5
BCH-P1 200 6 87.33+22.29* 29.7
BCH-P2 200 6 94.00+32.80* 24.4
BCH-P3 200 6 79.50+21.81* 36.0

(a) Saline dosage of 10 mL/ Kg bw. ANOVA Fi75 = 22.22, P<0.00001 by
Duncan’s test. * p<0.05; **p<0.01; *** p<0.001.
Table 4, comparatively shows the difference in ULl reduction between

carbenoxolone and the pig collagen hydrolysate samples. Carbenoxolone
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reduction of 83.7% was statistically different from the collagen samples which
reduced the ULI in the range of 47 to 53% with no statistical differences among

themselves (p>0.01).

TABLE 4. DOSAGE EFFECT FOR PIG COLLAGEN HYDROLYSATE (PCH) AND
ITS FRACTIONS P1, P2 AND P3 USING ETHANOL MODEL AND SINGLE DOSE

GASTRIC INTUBATION.

Intragastric intubation dosage number ULl % Reduction
(mg/Kg bw) of animals (mean * sdm) of ULI
Saline (a) - 17 124.3+40.24
Carbenoxolone 200 18 20.28+4.39 *** 83.7
PCH 750 21 57.90+23.00 *** 53.4
PCH-P1 750 6 60.50+18.85 *** 51.3
PCH-P2 750 12 66.33+26.49 *** 46.6
PCH-P3 750 6 62.50+14.47 *** 49.7

(a) Saline dosage of 10 mL/ Kg bw. ANOVA Fi79 = 30.32, P<0.00001 by

Duncan's test. *** p<0.001.

DISCUSSION

Ethanol is an ulcerogenic agent which acts on the stomach mucosa
promoting lesions, causing stomach acid secretion, decreased prostaglandin

production, increased acetylcholine and increased intracellular calcium. These are
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all factors which increase gastric secretion in various kinds of stress'

Inflammatory response may take place as a consequence of the gastric mucosa
ulcerogenesis involving cellular proliferation , cellular motility, chemotactic events,
adherence phenomenon, vasodilation, increased blood flow and alterations in

metabolic, secretory and cellular receptor functions 2.

Leucocytes passing through the endothelium reach the tissues and interact
with proteins present in the extracellular matrix, as the collagen. The leucocytes
migration involves adhesion of cells as integrins, using proteins as collagen,

laminin and fibronectin as ligands '''?

. The function of collagen is to offer
mechanical resistance to the tissues which could be measured through immature

and mature collagen present in the mucosa or tissue lesions.

Some investigators '*'*'>® have demonstrated that collagen and collagen
hydrolysate can stimulate cell proliferation such as chondrocytes and adipocytes
and extracellular matrix proteins. Type | bovine tendon collagen was used to

recover duodenal mucosal lesion produced by Phaseolus vulgaris lectin .

The results of the present work permit to conclude that both pig and beef
collagen hydrolysates, and their fractions of different molecular mass ranges,
protect the rat stomach mucosa against ulcerative lesions caused by ethanol,
reducing the ulcerative lesions index (ULI) up to 75% by a single dose intragastric

administration.

To the author's knowledge this is the first work demonstrating the

antiulcerogenic effect of either bovine (beef) or porcine (pig) collagen hydrolysates.
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Some possible mechanisms through which collagen hydrolysates can protect the
stomach mucosa from ethanol lesions will be reported in the next article in this

thesis.
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Negative Positive Experimental
control control Groups
Fasting 24h
Administration
(single dose)
Saline Solution Carbenoxolone Proteins

10 mL/ Kg bw

(200 mg/ Kg)

(CollagenDerivates)

Stand 30 min

Oral administration of ethanol 1.0 mL/ animal

All groups

Lag time for ethanol action (1h)
Animals sacrificed / stomach removed
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Figure 1. Experimental ulcerogenesis protocol.
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Figure 2. Logarithmic regression curve and equation of dose-effect of pig collagen
on reduction of the ULI for the ethanol model of stomach ulcer induction in rats.

The equation, x = mg of tested sample, y = % reduction ULL.
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ABSTRACT. Whey protein isolate (WPI) and both bovine and porcine collagen
hydrolysates, administered by gavages protected rat stomach mucosa from
ulcerative lesions caused by ethanol, reducing the ulcerative lesion index (ULI) in a
range of 40 to 77% depending on the dosage. In acute experiments (single dose)
physiological saline (10mL/Kg body weight) was used as the negative control and
carbenoxolone (200mg/Kg bw) was used as positive control. Mixtures of WPI with
either porcine (PCH) or bovine (BCH) collagen hydrolysates gave results that
suggested synergisms between WPI and the collagen hydrolysates. One of the
most interesting mixtures was WPI/ BCH at the proportion of 375:375 mg/Kg bw,
which decreased ULI of 64%. The mechanism for mucosal protection involved a
decrease in plasma gastrin (~40%), a significant increase (50 to 267%) in mucus
production, and a reduction in ULl (%) when intragastric intubations were
conducted after in vivo alkylation by N-ethylmaleimide (NEM). The results
suggested that gastrin, sulfhydryl substances and some mechanisms on mucus
production are all involved in gastric ulcer protection against ethanol. The collagen
hydrolysates, both porcine and bovine, presented stronger effect in mucus
production, on the other hand, WPI effect was also dependent of sulfhydryl
compounds, resulting in more protective effect when the two proteins were

administrated together.

KEY WORDS: « mechanism ¢ mucosa protection « ulcerative lesion ¢ collagen

» whey protein
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INTRODUCTION

The gastric mucosa is among the most important tissues in the organism on
account of its function, structure and pathological processes that can take place in
it [1]. It is accepted that the peptic ulcerogenesis (gastric and duodenal) results
from an imbalance between infectious agent like the bacterium Helicobacter pylori
or aggressive chemical agents and stresses versus protective substances such as
proteins, glutathione, other sulfhydryl groups containing substances, mucus,
bicarbonate, prostaglandins (PGE>, PGl,), certain types of dietary fibers as well as
the blood flux to the mucosa cells [2,3,4,5,6,7].

Absolute ethanol is an ulcerogenic agent acting by destroying mucosal cells
by direct contact [5] independently of the gastric acidity. It initially destroys the
stomach protecting layers and finally reaches the mucosa cells surface causing
cells necrosis and liberation of vasoactive mediators leading to vasoconstriction,
edema and hemorrhage [5].

Rosaneli et al. [8,9] demonstrated in rat antiulcerative property, of a whey
protein concentrate produced in pilot plant [10] against two ulcerogenic agents,
ethanol and indomethacin.

Recently [11,12,13], it has been shown that one of the most antiulcerogenic
protein in bovine milk whey protein is the a-lactalbumin, whereas B-lactoglobulin

did not show antiulcerogenic effect [13].
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Collagen hydrolysates have been described as efficiently absorbed [14] and
stimulating cells regeneration, extracellular matrix production as well as cytokines
modulation [15,16,17].

Santos [18] described the action of collagen extracted from bovine tendons
(type | collagen) on the recovery of duodenal mucosa lesions caused by Phaseolus
vulgaris lectins.

Recently published work [19] reported that both bovine and porcine collagen
hydrolysates were effective in protecting gastric mucosa ethanol lesions inhibiting
55 to 60% of the ulcerative lesion index (ULI) by single dose (750mg/Kg bw)
hydrolysate prior to intragastric administration of 1mL/rat of absolute ethanol.

The main objectives of the present investigation were: a) comparatively
studying the antiulcerogenic efficacy of two commercial collagen hydrolysates (CH)
and a WPI on the inhibition of gastric mucosa lesions induced by intragastric
intubation of absolute ethanol, in rat; b) look for possible synergistic action of
various combinations of WPl and CH on gastric mucosa protection against ethanol
lesions; c) trying to understand some of the possible ways WPI and CH might

protect the gastric mucosa from ethanol lesions.

MATERIALS AND METHODS
Collagen hydrolysates

Bovine and porcine collagen hydrolysates (BCH and PCH) were from

commercial production line (lots EH4517 and PL- 040701) respectively, and were
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supplied by Gelita (Gelita South America) — Cotia, SP, Brazil in a form of spray
dried powder. The gross percentual composition for both hydrolysates was 91%

protein, 0.39% minerals, 0.09% fat and 1.51% carbohydrate.
Production of WPI

Whey protein isolate (WPI) was produced in pilot plant from defatted and
microfiltered (1-1.4um membrane) by the use of a ceramic membrane (0.1-0.14um
Alumine Zircone) to separate casein micelles from milk whey. The milk whey was
then concentrated by ultrafiliration (8KDa cut off membrane), dehydrated and

freeze-dried [20].
Experimental ulcerogenesis

The experimental model used male Wistar rats (250-350 g body weight) from
the experimental colony of the State University of Campinas, Campinas, SP, Brazil.

The number of animals used in each test will be specified in the results section.

The model used absolute ethanol (1mL/rat) as the ulcerogenic agent,
physiological saline (10 mL/Kg bw) as negative control, and carbenoxolone
(200mg/Kg bw) as positive control. The experimental samples were given by
intragastric intubation at different quantities dissolved in saline. Carbenoxolone

was also dissolved in saline and administered by gastric intubation.

Two types of experiments were performed: a single-dose (acute) or a double-
dose (repetitive) experiment in two consecutive days. A fluxogram illustrating the

general protocol for both single-dose and double-dose experiments is shown in
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Figure 1. Single-dose (acute) experiments were performed by omitting step 2 of
Figure 1. The experimental protocol was approved by the Ethics Committee for

Animal Experimentation of the State University of Campinas, SP, Brazil.
Insert Figure 1
Ulcerative lesions analysis

The quantification of ulcerative lesions was done by calculation of an
ulcerative lesion index (ULI) using the sum of the following parameters [21]: loss of
normal mucosa morphology, 1 point; mucosa discoloration, 1 point; mucosa
edema, 1 point; hemorrhage, 1 point; petechial points (until 9), 2 points; petechial
points (>10), 3 points; ulcers (up to 1 mm), n* x 2 points; ulcers (>1 mm), n* x 3

points; perforated ulcers, n* x 4 points; (n* = number of ulcers found).

Percent reduction of the ULl was calculated by the expression: % reduction
ULl = { ( mean ULI negative control — mean ULI testing sample) / mean ULI

negative control )} x 100.

The effective dose for 50% reduction of the ULI (EDso) was calculated by
using increasing single doses (200, 250, 750, 1000, 1500) mg sample per Kg rat
body weight. The dose response relationship was fitted into a logarithmic equation

which permitted the calculation of the EDsg for collagen hydrolysate and WPI.
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Gastrin determination

According to proposed protocol Figure 1 (omitting step 2), one hour after
ethanol administration, blood was collected from ocular plexus, treated with EDTA
and centrifuged (3,000g, 15 min, 4°C) and the plasma was stored (-20°C) until
gastrin determination. Gastrin was determined in the rat blood plasma [22] using
the radioimmune assay kit supplied by CIS Bio International. Residual radioactivity
bound to the tubes was measured in a gamma scintillation counter for 1 minute.
Determination of mucus linked to the gastric mucosa

One hour after administration of ethanol (Fig. 1) the mucus glandular region
of the stomach mucosa was removed and immersed into 10mL of 0.1% alcian blue
solution for 2 h, then washed (2x) with 10 mL 0.25M sucrose solution for 15 min
and 45 min, respectively. The dye complexed with the gastric mucus was extracted
(2 h) with 10 mL 0.5M MgCl, solution. The extracted material was emulsified with
10mL ethyl ether and then centrifuged (1,300g, 15 min, 4°C). The ether phase was
discarded and the absorption of the aqueous phase was read in a
spectrophotometer at 598 nm [23]. Linked alcian blue was quantified (g dye/ g
original tissue) based in a dye standard curve.

Sulfhydryl substances and the gastric mucosa protection
Rats weighing 250-350 g were submitted to treatments by gastric intubation,
according to the protocol of Figure 1. In this series of tests two controls were used:

a) physiological saline at 10mL/ Kg bw or b) saline (10 mL/ Kg bw) plus 10 mg/Kg
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bw of N-ethylmaleimide (NEM). In both controls, saline (a) was given by gastric
intubation whereas NEM (b) was administrated by subcutaneous injection.
Half of the remaining groups (experimental) received only the testing samples
whereas the other half received the testing samples plus NEM, as illustrated in
Table 6. The remaining of the procedures were identical with the protocol of Figure
1.
Statistical analysis

Results are presented as means + SEM. The experimental results were
subjected to analysis of variance (ANOVA), and the criteria for critical statistical
significance was 5% probability (p<0.05). Comparisons of means were done by

Tukey's or Dunnet's tests.

The dose-response relationship was established by adjustment of the
experimental points to a logarithmic correlation equation. The equations for porcine
collagen (y=21.857 In x - 87.561, R?=0.9716) and for WPI (y=21.652 In x - 78.969,
R?= 0.9776) were established where y= % reduction ULI and x= mg of tested

sample.
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RESULTS

The mathemathic model established for porcine collagen and WPI permitted
to calculate a logarithmic equations to obtain an EDsy of 541mg/Kg bw for porcine
collagen and an EDsy of 386mg/Kg bw for WPI, in single dose experiments. The
bovine collagen hydrolysate did not show a dose-response relationship; therefore
the EDsg for bovine collagen could not be determined. Porcine collagen and WPI
administeres at the maximum dosage of 1,500 mg/Kg bw presented a reduced ULI
of 76% and of 80%, respectively referred to saline, as negative control, taken as
100%.

Variable quantities of WPI with bovine collagen hydrolysate (BCH) were combined
and ULI was reduced for single dose (acute) experiments is shown in Table 1.
Various combinations of BCH/ WPI promoted a percent reduction of ULI in the
range of 22% for the dosage 200/175 mg/Kg bw to 64% for the dosage of 375/ 375
mg/Kg bw. No statistical differences were found (p>0.05) among the various
combinations tested except for the combination 200/175 mg/Kg bw statistically
different (p<0.05) compared to all other combinations. Combinations BCH/ WPI
(187/ 187) and BCH/ WPI (200/ 550) mg/Kg bw differed from carbenoxolone and
from all other combinations (p<0.01).

Insert Table 1

Table 2 shows the effect of various combinations, single dose prior to
administration of 1mL/ rat of absolute ethanol, of porcine collagen hydrolysate
(PCH) and whey protein isolate (WPI) on the percent reduction of ULI for the rat

stomach mucosa. The reduction of the ULl ranged from 31% to 57% with no
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statistical differences among the various combinations, except for the combination
PCH/ WPI of 187/187 with a lower (p<0.01) percent reduction with regard to saline.
The combination of PCH/ WPI in the dosage of 375/ 375 mg/Kg bw seem to be of
interest, considering the relative cost and availability of the collagen hydrolysate
and of the WPI, and the efficacy of 56% reduction in the ULI. It also suggests a
certain synergism of PCH and WPI at this dosage since other combinations at the
same total dosage of 750 mg/Kg bw showed relatively lower percent reduction in
the ULL Increasing PCH and decreasing WPI a decreasing tendency in the ULI
reduction was observed.

Insert Table 2
The results of a double dose experiment comparing the efficacy of BCH and

PCH alone or in combinations with WPI are shown in Table 3. Some interesting
comparisons are as follows: double dose of 1,500 mg/ Kg bw of BCH showed
same efficacy as 750 mg/Kg bw of WPI and as the combination of BCH/ WPI of
375/375 mg/Kg bw, emphasizing higher efficacy of WPI in comparison with the
BCH and once more suggesting a synergistic effect of the combination BCH/ WPI
at the dosage of 375/375 mg/Kg bw. On the other hand, the combination BCH/
WPI seemed to perform better than PCH/ WPI in reducing the ULI caused by
ethanol in the rat stomach mucosa.

Insert Table 3
Table 4 presents the results of gastrin analysis in the rats blood plasma

intubated with controls (saline or carbenoxolone), WPI, PCH, BCH and

combinations of WPI with either PCH or BCH. Percentage decrease of plasma

156



gastrin was of the order of 40% for carbenoxolone, WPI and BCH with no statistical
differences among them. Carbenoxolone and BCH hydrolysate, both at 200 mg/Kg
bw, were equally efficient in decreasing plasma gastrin.

The combination PCH/WPI, 150/600 mg/Kg bw was the most efficient
treatment (47% reduction in gastrin) and differed from all the other treatments
(p<0.001). All the calculations were referred to the saline (negative control).

Insert Table 4
The gastric mucus stimulating power of carbenoxolone, WPI, porcine and

bovine collagen hydrolysates and combination of either PCH or BCH with WPI is
presented in Table 5.

Carbenoxolone at the dosage of 200 mg/ Kg bw increased mucus in the
gastric mucosa of 198% compared with 58.9% increase for BCH, at the same
dosage. On the other hand at 750mg/Kg bw, WPI increased mucus concentration
of 168.5% compared with an increase of 158.5% for PCH, at the same dosage.
Comparing two combinations of WP with either PCH or BCH, PCH /WPI (150:600
mg/Kg bw) increased mucus in the mucosa of 267% while for BCH/WPI (375:375
mg/ Kg bw) the increase was only 51.5%. All calculations were done considering
saline as the control. The comparisons between the various dosages and agents
suggest the following: carbenoxolone is a strong mucus stimulating drug, as was
already expected. Among the samples under study, WPI and PCH seemed to be
equally stimulating at the same dosage of 750 mg/Kg bw, on the other hand
BCH/WPI (375:375 mg/ Kg bw) did not differ from 200 mg/ Kg bw BCH alone

suggesting that the 375:375 mg/kg bw of BCH/WPI exerts a negative synergism for
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mucus production while the PCH/WPI (150:600 mg/Kg bw) was highly stimulating,
suggesting a positive synergism among the two components.

Insert Table 5
The relative importance of free sulfhydryl groups containing substances on

protecting the gastric mucosa against absolute ethanol ulcerative lesions was
demonstrated by in vivo alkylation of SH groups with N-ethylmaleimide (NEM).
Table 6 illustrates the percentage decrease of ULI in the rat stomach mucosa by
the various samples studied, in the absence (a) or in the presence (b) of the
alkyllating agent.

By eliminating the protecting effect of the sulfhydryl groups by NEM alkylation,
the percent decrease in the ULI dropped significantly. It is of interest to notice that
the effect of combinations of WPI with collagen hydrolysates were less sensitive to
alkylation, suggesting a lower dependence of sulfhydryl compounds protection.

Insert Table 6

DISCUSSION
Ethanol is an ulcerogenic agent which acts directly on the mucosa as an
aggressive substance promoting lesions and is also capable of stimulating
stomach acid secretion, increasing in gastric mobility, decrease in blood flux in the
mucosa, decrease prostaglandin production, increase acethyl choline and
intracellular calcium. Some of these factors are involved on gastric secretion under

various types of stress [24].
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In previous work [8] it was demonstrated that double doses (1,000 mg/Kg bw)
of a WPC produced in pilot plant [10] protected the rat gastric mucosa from
absolute ethanol lesions by decreasing the ULI in the order of 75%, based on a
saline control.

More recent work [12,13] showed that one of the most protective whey protein
to ethanol gastric mucosa lesion was a-lactalbumin. Santos [18] showed that
bovine tendon type | collagen recuperated mucosa duodenal lesions caused by
Phaseolus vulgaris lectins.

Castro et al. [19] demonstrated that collagen hydrolysates, both bovine and
porcine inhibited ethanol ULI in rats, in the order of 50-60% at dosage of 750mg/Kg
bw.

In the present report double doses (750 mg/Kg bw) of a WPI (Table 3)
decreased ulcerative lesion index of 74% while the same dosage of porcine
collagen hydrolysate (PCH) decreased ULl of 38%. However, bovine collagen
hydrolysate (BCH) at a lower dosage of 200 mg/Kg bw decreased ULI of 43%, but
at 1,500 mg/Kg bw a decrease was measured of 77%. Therefore it seems that
BCH is more effective than PCH in protecting the rat gastric mucosa from ethanol
lesions. The reasons for that was not yet clarified, even the amino acid profile
presented a small difference with proline 0.5% higher for BCH comparing with
PCH, and the mean molecular mass is lower for porcine collagen (2.2KDa), the
main difference between these two source of collagens is the isoelectric range,

which is much higher for porcine.

159



It is interesting to notice that the combination BCH/WPI (375:375 mg/ Kg bw),
double doses, gave the same protection as 750 mg/Kg bw of WPI and 1,500 mg/kg
bw of BCH, while the combination PCH/WPI (300:450 mg/Kg bw), double doses,
gave a lower protection (42%) versus (76%) for the 375/ 375 WPI/ BCH
combination. These data suggest a synergistic action between WPI and BCH
which seems not to exist between WPI and PCH. Furthermore, this fact is of great
interest if one considers that the bovine collagen is cheaper and more available
than WPI.

Comparisons of data from Tables 1 and 2, suggest that from the various
combinations of WPI with either BCH or PCH, the combination BCH/ WPI (375:375
mg/ Kg bw) showed the most interesting results from both the efficacy in reducing
ULl and the economical point of view, as was already mentioned. The data also
suggest an apparent superiority of the BCH over PCH in the protection of ethanol
mucosal lesions.

In order to better understand how WPI and the collagen hydrolysates protect
the gastric mucosa from the ethanol lesions, changes in gastrin, gastric mucus and
the relative importance of sulfhydryl substances were considered.

The data in Table 4 show a significant decrease of gastrin ranging from about
35-47% as a consequence of gastric intubation of the various substances studied,
always referred to physiological saline as the negative control.

The gastrin is a peptide hormone synthesized by endocrine cells located in

the antrum region of the stomach and duodenum, entering the blood stream by the
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portal system. Its production is stimulated mainly by free amino acids and peptides
from foods reaching the stomach.

The main action of gastrin is the stimulation of acid secretion by the parietal
cells of the stomach. The lowering of gastrin concentration in the blood plasma
suggests a drop in acidity in the stomach content after gastric intubation of WPI
and the collagen hydrolysates [25].

In addition to the stomach pH, gastrin liberation is also inhibited by a series of
peptides of endogenous origin, the most important of them is the somatostatin [26].
Somatostatin is produced by the D cells, localized in the antral mucosa very near
the G cells, which are responsible for the production of gastrin. Pharmacological
administration of somatostatin is a potent inhibitor of gastric acid secretion by direct
action on the parietal cells and indirectly by suppression of gastrin liberation. Other
substances like prostaglandins, secretin, glucagon, calcitonin and an intestinal
vasoactive peptide (IVP) may inhibit the liberation of gastrin [27].

Published work on the antiulcerogenic properties of a-lactalbumin, using the
ethanol induction model [12, 13] showed that a single oral dose of 200 mg alLa/ Kg
bw promoted a very high increase of prostaglandin E; (PGEy) in the rat stomach
mucosa.

In a healthy stomach and duodenum there is a balance between the potential
of gastric acid and pepsin to damage gastric mucosal cells and the ability of these
cells to protect themselves from injury [28]. Disruption of the balance results in a

breakdown of the normal mucosal defense mechanisms [29]. Several mechanisms
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are believed to be important in protecting the gastric mucosa from damage
including mucus formation, mucosal blood flow, cell renewal and bicarbonate
production [30].

The extent of ethanol-induced damage to the rat gastric mucosa correlated
with degranulating cell content [31], a source of neuropeptides and inflammatory
mediators, including histamine and leukotrienes. Ethanol-induced ulcers were not
prevented by antisecretory agents such as cimetidine but were inhibited by agents
that enhanced mucosal defense factors such as PGE; [5].

A recent publication [32] reported that malnourished rats, born from females
maintained on low protein diet (60g protein/ Kg diet), from the first day of
pregnancy until the end of lactation, was less susceptible to ulceration of the
gastric mucosa in the ethanol model of gastric ulcer when compared with rats from
mothers fed a normal protein diet (170g protein/ Kg diet). Mucus production and
PGE: formation increased in malnourished rats and exhibit a lower number of
ulcers in acute experiments than the normal rats (p<0.05). This difference was not
seen in sub-chronic gastric ulceration (14d). In the current study, BCH at double
doses showed that higher concentration of protein increased the percentage of
ULLI, differently from showing by Paula et al. [32].

The increase in mucus production by single doses intubation of the various
protecting agents used in the present work (Table 5) ranged from 51.5% for the
combination BCH/WPI (375:375 mg/Kg bw) to 267% for the combination PCH/WPI
(150:600 mg/Kg bw). WPI alone (750 mg/Kg bw) increased mucus production of

169% and PCH, at the same dosage, showed an increase of 158%.
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The combination of PCH/WPI (150:600 mg/Kg bw) showed a very high
efficiency as far as mucus production stimulation. Mucus stimulation of 74% was
also found for acute treatment of purified a-lactaloumin [13] at a dosage of
200mg/Kg bw.

Gastric mucus appears in three forms: soluble mucin present in pancreatic
secretion; insoluble mucus (adherent) covering the cells of the mucosa; and the
mucus originated from secretory cells located between apical cells [33].

The gastric epithelium is covered by a continuous viscoelastic mucus gel
layer, which forms a physical barrier between the gastric lumen and the surface of
apical cells [34]. The structural characteristics of this barrier are primary indicators
of its physiological function and changes on its composition have been identified in
gastrointestinal pathologies. The high molecular weight mucins are responsible for
the viscoelastic properties of the mucus barrier. They are widely expressed in
epithelial tissues and are characterized by variable number of repeated peptide
sequences rich in serine, threonine, and proline which carry large numbers of O-
linked oligosaccharide chains. Secreted and membrane associated forms of
mucins have been found based on their function as extracellular viscous secretions
or viscoelastic polymer gels or located as membrane anchoring molecules in the
glycocalyx [34, 35].

In a study of collagen absorption [14] around 5-10% of ingested protein was
absorbed as peptides 3-3.5KDa 6 hours after ingestion. Therefore, it may be

possible that the collagen could provide peptides enriched with proline to regulate
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mucins production in the mucosa. Bovine collagen amino acid profile presented
more than 0.5% of proline than PCH (data not showed). This possibility permits to
speculate that in the presence of an adequate pool of peptides the synthesis of
mucins and mucus production could occur independently of prostaglandin
stimulation.

Sulfhydryl compounds such as glutathione, protein sulfthydryls and cysteine
have been reported as protecting the gastric mucosal from injury [6] what has been
confirmed by some work done more recently [8,9,13].

In the present work (Table 6) it was shown that the % decrease in ULI noticed
after a single dose intubation (acute treatment) of WPI, PCH, BCH or combination
of them ranged from 43 to 62% in the absence of SH alkylation (NEM) and from 12
to 49% after pre-treatment with NEM. The importance of alkylation was more
evident for WPI (richer in SH-groups) than for collagen or combination of WPI/
collagen.

Sulfhydryl substances are naturally present in the mucosa. Furthermore WPI
is rich in cysteine and also has the property of stimulating glutathione synthesis in

various body tissues including the gastrointestinal mucosa [36, 37].
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CONCLUSION
The mixture WPI/ BCH at the proportion of 375:375 mg/Kg bw presented the
best result, which decreased ULI of 64%. The collagen hydrolysates, both porcine
and bovine, presented stronger effect in mucus production, WPI effect was more
dependent of sulfhydryl compounds, resulting in more protective effect when the

two proteins were administrated together.
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Table 1. Effect of various combinations of whey protein isolate (WPI) and

bovine collagen hydrolysate (BCH), single dose, in reducing the ULI in

rats.
Intragastric intubation dosage number ULI Y%Reduction
(mg/Kg bw) of animals (mean * sdm) of ULI

Saline (a) - 21 105.7£25.5
Carbenoxolone 200 16 20.0£5.8 *** 81.0
BCH/ WPI 187/ 187 6 60.8£14.7*** 42.5
BCH/ WPI 375/ 375 6 37. 714 4 64.4
BCH/ WPI 200/ 175 6 82.4+17.5* 22.0
BCH/ WPI 200/ 550 6 57.7£17.9*** 45.4
BCH/ WPI 200/ 800 6 39.0+ 7.5 63.1
BCH/ WPI 200/1300 6 47.0£10.3**" 55.5

Anova F (764) = 37.41; p***<0.0001. Tukey’s test, *p<0.05; ***p<0.001, referred

to saline. (a) Saline dosage of 10 mL/ Kg bw.

173



Table 2. Effect of various combinations of whey protein isolate (WPI) and

porcine collagen hydrolysate (PCH), single dose, in reducing the ULI in

rats.
Intragastric intubation dosage number ULI % Reduction
(mg/Kg bw) of animals (mean * sdm) of ULI
Saline (a) - 21 105.7+£25.5
Carbenoxolone 200 16 20.0£5.8 *** 81.0
PCH/ WPI 187/ 187 6 72.81£37.0™ 31.1
PCH/ WPI 375/ 375 6 46.3+16.6*" 56.2
PCH/ WPI 150/ 600 6 44.8+17.8*** 57.6
PCH/ WPI 300/ 450 11 59.2+21.6*** 44.0
PCH/ WPI 450/ 300 6 55.0+ 15.0*** 47.9
PCH/ WPI 600/ 150 6 65.2+ 28.2*** 38.3

Anova F (769 = 21.78; p***<0.0001. Tukey's test, **p<0.01; ***p<0.001, referred

to saline. (a) Saline dosage of 10 mL/ Kg bw.
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Table 3. Effect of various treatments (double-doses) of whey protein isolate
(WPI) and bovine (BCH) or porcine (PCH) collagen hydrolysates in

reducing the ULl in rats.

Intragastric intubation dosage number ULI % Reduction
(mg/Kg bw) of animals (mean * sdm) of ULI

Saline (a) - 11 113.9+23.0
Carbenoxolone 200 8 22.4+4 .7 80.4
BCH 200 6 64.5£20.5** 43.4
BCH 1500 5 25.8+10.8*** 77.4
PCH 750 8 70.1£17.3* 38.4
WPI 750 6 29.2+16.1*** 74.3
BCH/ WPI 375/ 375 6 27.2+13.6"** 76.1
PCH/ WPI 300/ 450 6 65.7+19.4** 42.4

Anova F (742 = 28.00; p***<0.001. Tukey’s test, **p<0.01 and ***p<0.001,

referred to saline. (a) Saline dosage of 10 mL/ Kg bw.
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Table 4. Effect of whey protein isolate (WPI), bovine collagen hydrolysate
(BCH), porcine collagen hydrolysate (PCH) and combination of WPI with
either PCH or BCH on decreasing plasma gastrin in rats intubated with

ethanol (1mL/ rat).

Intragastric intubation dosage Gastrin % Decrease
(mg/Kg bw) (pg/mL plasma) of Gastrin

Saline (a) - 146.2+60.4

Carbenoxolone 200 89.5+19.4 ** 38.8

WPI 750 90.2+10.3** 38.3

PCH 750 84.2+6.8** 42.4

BCH 200 88.0+11.8* 39.8

BCH/ WPI 375/ 375 94.3+15.0* 35.5

PCH/ WPI 150/ 600 77.0+ 8.5 47.3

Anova F (735 = 5.56; p***<0.001. Dunnet test *p<0.05; **p<0.01; ***p<0.001. (a)

Saline (0.9% NaCl) dosage of 10 mL/ Kg bw.
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Table 5. Effect of carbenoxolone (CBX), whey protein isolate (WPI), bovine
collagen hydrolysate (BCH), porcine collagen hydrolysate (PCH) and
combinations of WPI with either PCH or BCH on stimulating gastric

mucosa production of mucus in rats intubated with absolute ethanol

(1mL/ rat).

Intragastric intubation dosage Mucus Y%lncrease

(mg/Kg bw) (ng alcian blue linked referred to
mucus/ g mucosa tissue) saline

Saline (a) - 64.7£10.0

Carbenoxolone 200 192.9+70.8** 198.0

WPI 750 173.9455.9** 168.5

PCH 750 167.3140.4** 158.5

BCH 200 102.8+40.8* 58.9

BCH/ WPI 375/ 375 98.0+23.0* 51.5

PCH/ WPI 150/ 600 237.7+£33.0"** 267.4

Anova F 2 = 8.60; p***<0.0001.Tukey's test *p<0.05, **p<0.01, ***p<0.001.

(a) Saline intubation 10 mL/ Kg bw.
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Table 6. Effect of non-protein sulfydryl groups alkylation against anti-ulcerogenic activity
of bovine collagen hydrolysate (BCH), porcine collagen hydrolysate (PCH) and
whey protein isolate (WPI), in various amounts and combinations, againsi

ulcerative lesions caused by absolute ethanol (1mL/ rat).

Intragastric intubation dosage ULI Y%Decrease ULI
(mg/Kg bw) (mean + sdm) (a) (b)

Saline @ 120.5¢30.3 @

Saline + NEM® 144.3+36.1 ©)

BCH 200 64.2+23.4**  46.7

BCH + NEM 200 135.3+24.9™ 12.3

BCH 1,500 63.2+7.2** 47.5

BCH + NEM 1,500 122.7+38.9™ 14.9

PCH 750 69.0+14.7** 427

PCH + NEM 750 100.8+21.6* 30.1

WPI 750 45.2+£9.9"** 62.5

WPI + NEM 750 125.7+24.9™ 12.9

WPI/ PCH 600/ 150 56.2+19.2**  53.4

WPI/ PCH + NEM 600/ 150 73.5+17.5*** 49.0

WPI/ BCH 375/ 375 68.3+28.3**  43.3

WPI/ BCH + NEM 375/ 375 87.8+22.0** 39.1

Anova F (1379) = 10.83; p***<0.0001. Tukey's test *p<0.05, **p<0.01, ***p<0.001.
(a) Saline intubation 10 mL/ Kg bw. (b) Saline intubation 10 mL/ Kg bw followed by

N-ethylmaleimide subcutaneous injection.
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CAPITULO IV: ALTERAGCOES FISIOLOGICAS PRODUZIDAS PELAS
PROTEINAS DO SORO DE LEITE BOVINO E DERIVADOS DE COLAGENO EM
MODELOS TUMORAIS “IN VITRO E IN VIVO”

Artigo 1: “Broad in Vitro Efficacy of Whey Protein Isolate (WPI) and Collagen
Hydrolysates Against B16F10 Melanoma Cells”.

A ser publicado no Cancer Letters.

Artigo 2: “In Vivo Anti-tumoral Activity of Different Dietary Proteins on Melanoma

B16F10 in the Presence or Absence of a Chemotherapic Treatment”
A ser publicado no Nutrition and Cancer, An International Journal

Artigo 3: “Analysis of Cell Cycle Phases and of Proliferative Capacity in Mice
Bearing Melanoma, Maintained on Different Dietary Proteins”.

A ser publicado no Journal of Cutaneous Pathology
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Abstract

The main objective of this research was to investigate the inhibitory capacity
on B16F10 melanoma cells proliferation and the influence on the cell cycle phases
distribution (%) in a specific RPMI-1640 medium in the absence (control) or
presence of various concentrations of a bovine collagen hydrolysate (BCH),
porcine collagen hydrolysate (PCH) and the fractions of both (BCH-P1, BCH-P2,
BCH-P3 and PCH-P1, PCH-P2, PCH-P3), respectively. The fraction BCH-P1 was
further fractionated (microfiltration membranes) into five fractions (R1 to R5) and
into four fractions (F1 to F4) by reverse phase chromatography.

The hydrolysate and all their fractions were comparatively tested to a negative
control (B16F10 cells in the culture medium only) and with a whey protein isolate
(WPI) plus B16F10 cells in the culture medium, as positive control. The samples
concentration for 50% in vitro B16F10 growth inhibition (ICsp) by the studied
preparations ranged from 0.19 to 156.9 mg/mL of protein in culture medium. The
most inhibitory samples were the hydrolysate fractions BCH-P1, F1, F2, F3 and F4
with 1Csp concentrations below 1mg/mL. Changes in cell cycle phases were
characterized by a general decrease in G2/M phase what emphasizes a growth
arrest, some increase in phase S (BCH-P1 and F4) but a strong increase in G0/G1
phase for BCH-P1 and F4. Caspase-3 expression increased significantly in all F
and R fractions in addition to BCH and WPI containing media. Apoptosis was

extremely high at low concentration (400pug/mL) of the F1, F2 and F3 fractions.
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It is suggested that one of the mechanisms for the inhibition of tumorigenesis
by the various bovine collagen hydrolysate fractions and WPI may be through the

caspases cascade and apoptosis.

Key words: citotoxicity, collagen hydrolysates, whey protein isolate, tumorigenesis,

B16F10 melanoma, efficacy
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1. Introduction

Melanoma skin cancer type is responsible for about 4% of the skin cancer
detected, which corresponds to 25% of the total malignant tumor registered in
Brazil [1, 2].

Investigations have been made using techniques in biological, molecular and
cellular metabolism areas to make easier the diagnostic and treatments. The
cancer susceptibility depends on individual metabolism to carcinogenic
compounds, DNA repairing capacity, proto-oncogenes alterations, tumor
suppression genes and immunologic factors [2].

The metastasis of malignant tumor involves cell-cell and cell-extracellular
matrix interactions, which regulates the expression and enzymes localization.
Biochemical, molecular and cellular processes regulate the tumor metastasis [3].
The metastasis involves a cascade of interdependent events that permit in vitro
and in vivo investigations to evaluate individual cellular processes including
adhesion, invasion, migration and proliferation [4].

The triple helical conformation of the collagenous domain plays a critical role
in some of the interactions to promote melanoma cell adhesion, migration and
invasion [5]. The collagen epitope mAb HUIV26 had little effect on tumor cell
migration on either native or denatured collagen type | [4].

The malignant tumor cells invasion establishes contact with extracellular
matrix proteins, including fibrillar collagen. In addition to provide physical barrier

against invasion, fibrilar collagen also restricts proliferation. It has been assumed
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that the regulatory growth results of an indirect restrictive effect on cell spreading
and cytoskeletal organization [6].

Bovine collagen type | (BIC) binds to several cell surface receptors, which
include scavenging receptor, discoidin domain receptor, integrins and cell adhesion
receptors. The P13-kinase and MKK1-mediated negative regulation by BIC in cell
proliferation [7].

Ito et al. [8] demonstrated in vitro, that porcine skin gelatine presented anti-
tumoral effect on MH134 murine hepatoma cells, inducing programmed cell death
(apoptosis).

Whey proteins have been researched extensively in the prevention and
treatment of cancer. Many animal studies have examined the effects of whey
protein concentrate and some of its components including lactoferrin and (-
lactoglobulin in its immune enhancing activity and colon cancer inhibition [9, 10, 11,
12, 13, 14]. Tsai et al. [15] demonstrated that a specific whey protein isolate
(Immunocal) developed and patented in Canada enhanced the citotoxicity effect of
anticancer drugs.

Regarding molecular interactions involving cell cycle related proteins,
retinoblastoma (Rb) and tumoral suppressor protein (p53), various growth signaling
molecules, and their inhibitors are involved. Many of these molecular interactions
also affect cell differentiation and apoptosis, cellular processes that are related to
but often considered separately from cell cycle progression [16]. Effectors

caspases, as caspase 3, are activated leading to cell destruction through
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apoptosis. Depending on cellular death signaling involved, this process seems to
happens through route of mitochondrial dysfunction and cytochrome C release, or
alternatively through independent mitochondrial route [17].

In this investigation, the anti-tumoral effect of whey protein isolate (WPI) and
collagen derivates (hydrolysate fractions) were comparatively studied on B16F10
melanoma cells in vitro, with respect to percentage cytotoxicity, cell cycle phases
and possible mechanisms involved on this anti-proliferate effect. The investigation
of these two classes of proteins is justified due to their likely complementary
functions from both nutritional and physiological point of view probably providing

different mechanisms of bioactivity.

2. Material and methods

2.1. Materials

Collagen derivatives (hydrolysates obtained from bovine and porcine skin raw
materials) supplied by Gelita Group (Gelita South America), Cotia, Sao Paulo,
Brazil and their derivatives obtained from molecular sieve and reverse phase
chromatographic fractionation were used. The fractions obtained through molecular
sieve from bovine collagen hydrolysate (BCH, mean MM 3 KDa) and porcine
collagen hydrolysate (PCH, mean MM 2.2 KDa), respectively, are: bovine collagen
hydrolysate fraction P1 (BCH-P1, mean MM 2.5 KDa), bovine collagen hydrolysate
fraction P2 (BCH-P2, mean MM 1.7 KDa), bovine collagen hydrolysate fraction P3

(BCH-P3, mean MM 1.4 KDa), porcine collagen hydrolysate fraction P1 (PCH-P1,
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mean MM 2.2 KDa), porcine collagen hydrolysate fraction P2 (PCH-P2, mean MM
1.6 KDa), porcine collagen hydrolysate fraction P3 (PCH-P3, mean MM 1.4 KDa).
From BCH-P1 were also obtained five retentates using ultrafiltration membranes
(UFC- Millipore) with 50KDa, 30KDa, 10KDa, 5KDa, 3KDa, respectively R1, R2,
R3, R4 and R5. The permeate from the fifth membrane P5 (MM < 3KDa) was also
evaluated. From BCH-P1 it was also obtained four fractions using reverse phase
chromatography F1, F2, F3 and F4 (preparative column Vydac Cys).

The whey protein isolate (WPI) from bovine milk was produced in pilot plant
scale using ultrafiltration technology [18]. Anti-tumor effect was investigated in

melanoma cells B16F10 provided by the Ludwig-Swiss Institute, Switzerland.

2.2. Methods
All the collagen hydrolysate fractions already mentioned and also whey
proteins were evaluated in vitro, in order to select the collagen fractions which

presented stronger inhibition to melanoma B16F10 cell growth [19, 20, 21,22].

2.3. Murine tumoral strain culture [ 21, 22, 23]

The cell culture of murine melanoma B16F10 was cultivated in flasks with
75cm® in a medium of RPMI-1640 (Gibco) supplemented with 10% of fetal bovine
serum inativated (Cultilab), 2mM of L-glutamine (Sigma Chemical Company), 1mM
sodium pyruvate and the antibiotics streptomycin 0.1mg/mL and ampicilin 0.1
mg/mL (Fontoura Wyeth AS). Before adherance, the cells were cultivated to

multiply and maintain the strain, in order to be frozen in a medium of RPMI-1640
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with 10%"dimethylsulfoxide (DMSO, Sigma Chemical Company) stored in liquid
nitrogen.

The adherent cells suspensions (B16F10) were obtained by treating with trypsin
0.2% in culture flasks for 5 minutes and then inactivated in fetal bovine serum at
10%. The non-adherent cells were centrifuged twice then ressuspended in the
medium RPMI-1640 supplemented. For the cells counting a Malassez camara was
used. Cell concentration was adjusted to 5 x 10° cells/mL in a medium RPMI-1640
supplemented with 10% fetal bovine serum and 7g of Polimixin-B (Sigma Chemical
Company, St Louis Mo-USA). The cell viability was determined through the

exclusion test using Tripan Blue, and was superior to 95% viable cells.

2.4. Experimental test

The samples evaluated were whey protein isolate and different collagen
fractions at concentrations from 6mg/mL to 100mg/mL. The optical density was
measured using 3-(4, 5-dimethylthiazol-2-y1)2,5-diphenil tetrazolium bromide
(MTT) methodology [24]. In a second stage, only the collagen fraction which
seemed to present higher cytotoxicity and/or anti-proliferation or apoptotic effect
and whey protein isolate were analyzed at concentrations from 0.98ug/mL to
6mg/mL and also at high concentrations of 500mg/ mL; 200mg/mL and 100mg/
mL, using the sample as a coating or as a matrix in a flask. The cell viability was

measured after 24 and 48 hours of incubation. The proliferative or apoptotic effect
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of the samples were evaluated by applying the samples above or below the tumor

cells.

2.5. Cellular adhesion

Confluent cultured monolayer melanoma B16F10 cells were treated with
different concentrations of bovine collagen hydrolysate and fractions (0.98 pg/mL-
100mg/mL) or porcine collagen hydrolysate and fractions (100mg/mL—0.98 ug/mL)
and whey protein isolate (WPI) at the same concentrations range. The cytological
alterations were analyzed 15 min to 24 h after treatments, captured by inverse
microscopy (Leitz Diaplan, Germany) and visualized through CCD-IRIS, Color
Video Camera (Sony Co.), Cyto Viewer Lite Program. Cell viability was evaluated
by exclusion trypan blue staining. Adherent cells were fixed with 0.1%
glutaraldehyde, washed in phosphate buffer, stained with crystal violet, lysed and
measured at 620 nm absorbance in ELISA counter (Titertek Multiskan). Plates with
96 flat wells were coated overnight at 37<C with di fferent concentrations of bovine
collagen derivatives (hydrolyzed fractions), porcine collagen derivatives or whey
protein isolate, following three washes with Hanks Balanced Salt Solution (HBSS)

for 30 min at 2<.

2.6. Determination of cytotoxicity assay - MTT

Tumoral cell strains viability after treatment with different collagen hydrolysate

and fractions and WPI, concentrations from 0.98ug/mL to 100mg/mL, were
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determined using colorimetric methodology MTT (3-(4,5-dimethylthiazol-2-y1)2,5-
diphenyl tetrazolium bromide), as described [24]. This method is based on MTT
reduction to formazan by the cells alive. The determination of sensitivity of different
dosages was optimized according to standards already established by the National
Cancer Institute (NCI), USA [24]. The non-viable cells were determined using
tumor cells suspensions under sterile conditions, incubated in plates with 96 wells.
To these cells 10 pL of MTT (5mg/mL) was added, and then incubated for 3 hours
in an oven containing 5% of CO, at 37°C. After this period, the medium was
removed and 100 pL of dimethylsulfoxide (DMSQ) was added to dissolve formazan
crystals formed and precipitated. The absorbance was read using ELISA assay at

a wave length of 540 nm (TiterTek Multiskan).

2.7. Determination of cell cycle phases

Flow cytometry was applied to study cell cycle, which permitted to determine
the kinetic parameters of cell population and provide the percentage of cells that
were in phases G0/G1, S, G2/M and apoptosis. Samples of tumor cells treated with
collagen hydrolysates and whey proteins and also non-treated sample were
collected and frozen immediately in sodium citrate (2mM), sucrose 25 mM and
0.05% dimethylsulfoxide (DMSO), and stored in liquid nitrogen until the moment of
use [25]. After defrosting in ice bath the cells were incubated with 375 pL of trypsin
(Sigma) 0.03 g/L for 10 minutes at room temperature and neutralized using trypsin

inhibitor (Sigma) 0.5 g/L, ribonuclease A (Sigma) 0.1 g/L and espermine (Sigma)
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1.2 g/L. The samples were transferred to tubes of a flow cytometer and the cell
counting at different cell cycle stage, apoptosis level (Sub-G1) and DNA content at

S phase were obtained using Software Mod-fit. (Becton-Dickson) [26].

2.8. Determination of caspase expression using flow cytometry

The same procedure used for cell cycle phase determination was also used in
the caspase-3 (E-8): SC-7272 kit from Santa Cruz Biotechnology, INC and
caspase inhibitor Ac-DEVD-CHO (catalog# G5961) from Promega Corporation,

expression study.

2.9. Statistical analysis

Cell cycle phases, cell viability determination and all measurements
performed were compared by one-way analysis of variance. Differences were
expressed by p<0.05. Differences in cell cycle phases and percentage of caspase
expression were tested for statistical significance, using analysis of variance and
differences among means by the Duncan's or the Tukey's test at p<0.05. All the

experimental data were expressed as the mean + sdm.

3. Results
Table 1 shows the whole range of ICsy (substance concentration to inhibit 50% of
cells replication) obtained from in vitro testing of several collagen hydrolysates and

hydrolysate fractions on melanoma B16F10 cells.
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Among the bovine collagen preparations some of them were very active showing
ICs0 inhibition at concentration below 1mg/mL in the culture media. Such
preparations were: F2 (ICso = 0.19mg/mL), 373 fold more active than the BCH, the
original hydrolysate, and 36 times more active than the WPI; BCH-P1 (ICso
=0.31mg/mL), F1 (ICs0 =0.34mg/mL), F3 and F4 (ICso =0.42mg/mL).
The fractions obtained from BCH-P1 by RP-HPLC (F1-F4) were the most potent
(ICso from 0.19 to 0.42mg/mL) mean value of 0.34mg/mL, an average activity 208
times the BCH and 20 times the WPI inhibitory activity.
The porcine collagen hydrolysate PCH and its fractions (PCH-P1, PCH-P2, PCH-
P3) did not show strong inhibitory activity toward the B16F10 melanoma cells.
An interesting feature of the collagen preparations and WPI, was that very low
concentrations seemed to favor inhibition of B16F10 proliferation, more than higher
concentrations (100 to 6 mg/mL) used in various of the experiments.
The equations from the 1Csy calculations can be found in the appendix II.
The determination coefficients which appear in Table 1 reveal the high fit to the
equations (all above 90%) except for the BCH-P2 equation with a 71.6% fit.

[Insert Table 1]
Through evaluation of cell adhesion B16F10 melanoma cells could not be adhered
in cultured medium with all samples analyzed (bovine and porcine collagen
hydrolysate and whey protein isolate). Therefore, the B16F10 melanoma cell
proliferation is not promoted by the adhesion mechanism caused by these

samples. The cell adhesion did not happen when bovine and porcine collagen
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hydrolysates as well as WPI were used, therefore not leading to proliferation of
B16F10 melanoma.

Figure 1 shows the percentage of cellular phases of BCH-P1 and its F fractions.
The results indicates that G2/M phase decreased for all samples (p<0.05)
compared with control (medium with B16F10 cells) and BCH-P1 did not show
statistical difference with all F fractions. The phase S (DNA synthesis) increased
for BCH-P1 and F4 (p<0.01), but for F1, F2 and F3 the percentage maintained the
same as the control. Therefore, probably BCH-P1 and F4 possessed stronger
proliferative mechanisms for B16F10 DNA synthesis. For the quiescent phase
(GO0/G1) only BCH-P1 showed an increase (p<0.001) in relation to control,
therefore even though proliferative activity was denoted, the cells remained longer
period at quiescent phase. The percentage apoptosis (Figure 2) increased
significantly (p<0.001) for F1, F2 and F3 compared with the control. Indeed, these
fractions exhibited significantly higher apoptosis than BCH-P1 and F4. Once more,
BCH-P1 and F4 seemed to present different mechanism than F1, F2 and F3 in
B16F10 melanoma tumor cells medium (Figure 2).

[Insert Figures 1 and 2]

The effect of concentration of BCH-P1, F3 and F4 in cellular phase percentage is
illustrated in Figure 3. As the concentration of the samples increased the GO/G1
phase also increased and apoptosis decreased. This trend was observed for three
samples evaluated.

[Insert Figure 3]
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Figure 4 shows the percentage caspase-3 expression in B16F10 in the presence of
BCH-P1, BCH, WPI and F fractions. All presented higher expression (p<0.05;
p<0.001) compared with to the control B16F10 cells medium (a). The caspase-3
expression for WPI and BCH were similar significantly from BCH-P1 (p<0.01).
Percentage caspase expression for fractions F1, F2, F3 and F4 (Figure 4)
presented no difference among themselves, but were different from BCH-P1
(p<0.01). However, it was not found difference (Figure 4) among the fractions
(called “F”) and BCH (p>0.001). The sample BCH presented higher percentage of
caspase expression than BCH-P1 (p<0.05).
Evaluating the 1Cs values, cell cycle phase distribution and percentage caspase
expression, the fractions obtained from reverse phase chromatography presented
stronger bioactivity in B16F10 melanoma cell culture compared with BCH-P1
(p<0.01). Fractions F1, F2 and F3 which promoted a high percentage apoptosis,
probably involved caspase-3 mechanism.
[Insert Figure 4]
The R fractions (Figure 5), obtained through molecular sieve fractionation,
presented, high percentage of caspase-3 expression (p<0.001; p<0.01). However,
R3, R4 and R5, presented the highest percentage caspase-3 expression and
among R fractions did not differ from BCH and WPI. Therefore, the molecular sieve
fractionation did not help to elucidate the mechanism of action for these fractions.
[Insert Figure 5]
Figure 6 shows the percentage of non-viable cells for WPI, BCH, BCH-P1 and its

fractions (F) obtained through reverse phase chromatography and, (R fractions)
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obtained through molecular sieve fractionation, at 400ug/mL using flow cytometry
technique. It can be observed that all samples presented significantly higher
number of non-viable cells than the control (B16F10 in culture medium). Highest
percentages of non-viable cells were determined in BCH, BCH-P1 and R1. When
BCH, BCH-P1 were compared with WPI no significant difference was found.
[Insert Figure 6]
In Figure 7, it is observed that all samples presented higher and significant
percentages of apoptosis than the control (B16F10, medium only) and the R and F
fractions did not show advantage to promote apoptosis of B16F10 cells compared
with BCH and/or BCH-P1. The fractions R (obtained through molecular sieve
fractionation) showed a trend toward higher apoptosis, as the molecular masses
decreased from R1 to R5 fraction. By comparing BCH, BCH-P1 and WPI no
significant difference was found.
[Insert Figure 7]
Overall the fractions F1 and F2 seemed to present some advantageous features

when looking for inhibitory peptide against B16F10 cultured cells.

4. Discussions

Ito et al. [8] demonstrated in vitro, that porcine skin (PS) gelatine induced
apoptosis in MH134 cells evaluated through flow cytometric analysis, agarose gel
electrophoresis and electron microscopy. On the other hand, bovine bone (BB)

gelatine did not induce apoptosis or necrosis. A significant difference in relation to
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bioactivity on B16F10 melanoma cells was also observed between bovine and
porcine collagen hydrolysates in the present study. BB gelatine suppressed
proliferation of the cells much more weakly than PS gelatine, and BB gelatine did
not induce apoptosis. Probably, these differences are according to the sequence of
the amino acid [8]. In the current study, bovine collagen samples, mainly BCH-P1
and F fractions, presented lower ICsy than porcine collagen samples in B16F10 cell
culture medium. It may due to isoelectric range, mean molecular mass and
deamidation, which porcine collagen was not submitted (data not shown).

The concentration used of PS and BB [8] was 12.5mg/mL and 25mg/mL to
evaluate apoptosis and necrosis in MH134 cell culture medium. This sample
concentration range was also applied in present study to calculate ICsp.

Identification of peptide bioactivity is commonly conducted using micro and
ultrafiltration and HPLC separation techniques [27]. Specific peptide sequences
which are responsible for antioxidant activity from gelatin hydrolysate [28], opioide
peptides from casein [29] and other bioactivities have been recognized.

In order to identify collagen sequence, enzymatic hydrolysis and
chromatographic techniques as gel permeation and reverse phase have been
applied [30, 31]. Specific cleavages promoted by chymotrypsin, pepsin and other
enzymes allowed peptide identification [31, 29]. The commonly triplet sequence
from collagen molecule is Gly-X-Y, where X is almost always proline [32]. This

sequence with glycine is commonly found in collagen type | and Ill for both a

chains (a1 and a2) [33]. Collagen was already correlated with some bioactities, as
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inhibition of gastric ulcer lesions [34, 35, 36], tumorigenesis [4,5,6,8], what
suggests its function in extracellular matrix and how it can influence the intra and
extra cellular signals promoting differentiation, genetic changes, stimulation of
specific enzymatic cascades, apoptosis and other molecular and cellular
mechanisms [23]. It was shown [6] an inhibitory effect of fibrillar collagen on human
melanoma and fibrosarcoma cells proliferation involving activation of the tyrosine
kinase discoidin domain receptor 2 which is independent of effects on cell
spreading. Cells plated in the presence of fibrillar collagen showed growth arrest in
the GO/G1 phase of the cell cycle [6].

In the present study, a similar effect was observed for BCH-P1, however for
the fractions F1, F2 and F3 the same effect was not observed. The phase G2/M
decreased for all samples analysed (BCH-P1 and all four F fractions). In spite of
BCH-P1 arresting at GO/G1 phase, the phase S increased and G2/M decreased
compared with control medium. The DNA duplication probably happened, but the
mitose was not promoted.

It was also demonstrated [7] that P13-kinase and the MAP kinases, including
JNK and ERK, were involved in the restriction of G1 and S phases in the cell cycle
by bovine collagen type | (BIC) in culture of Raw264.7 cells via cyclins D1, A, and
B1.

In the present study, fractions F1, F2 nad F3 did not present significant
reduction for S, but G2/M phase reduced significantly comparing to control
medium. The phase GO0/G1 did not increase its percentage, however, apoptosis

percentage increased significantly for these same fractions (Figures 1 and 2).

196



In the process of apoptosis, cells lose their phospholipid membrane
asymmetry and expose phosphatidylserine at the cell surface. Annexin V is a
phospholipid-binding protein with high affinity for phosphatidylserine, and is useful
for identifying apoptotic cells with exposed phosphatidylserine. Necrotic cells were
easily stained with propidium iodate (Pl) as well as with annexin V whereas
apoptotic cells stained only with annexin V [8].

In the current study, the F fractions (F1, F2 and F3) presented significant
percentage of apoptosis, on the other hand, BCH-P1 decreased and F4 did not
cause any change compared with control medium. These effects are likely to
change according to dosage and the time of exposure. The concentration effect in
cell cycle phases showed that as the sample concentration increased, the GO/G1
increased and apoptosis percentage decreased.

One set of mediators implicated in apoptosis belongs to the asparate-specific
cysteinyl proteases or caspases. Induction of apoptosis via death receptors
typically results in the activation of an initiator caspase such as caspase 8 or
caspase 10. These caspases can then activate the effector caspases, such as
caspase 3 and caspase 6. These caspases are responsible for the cleavage of the
key cellular proteins, such as cytoskeletal proteins that lead to the typical
morphological changes observed in cells undergoing apoptosis. The caspases
could be activated by granzyme B delivered into cells by cytotoxic T lymphocytes
and cytochrome C from mitochondria [37].

In the present study, the expression of caspase-3 was measured and all

samples presented significant differences from the control. For WPI, which seems
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to present immune response against tumorigenesis, the caspase-3 could be
activated by cytotoxic T lymphocytes (cellular immune response). Even the
collagen samples, which do not seem to estimulate immune response, the
expression of caspase-3 was significant, probably caused by a different
mechanism of caspase activation. Considering the results obtained, F1 and F2
could represent a peptide sequence which could increase apoptosis through
caspase-3 mechanism (caspase cascade).

As it was also demonstrated [5] the sequence of collagen a3(IV) NC1 domain
inhibits melanoma cell proliferation, migration and invasion by decreasing
metaloproteinases (MMP) production and activation. Peptide sequences from the
al(lV), a2(lV), and a3(lV) chains have been shown to inhibit angiogenesis [5]. In
recent study [4] it was already mentioned that in the presence of mAb HUIV26 (a
cryptic epitope of collagen type 1V), the mean number of B16F10 lung foci was
significantly reduced by 65% (p<0.001) as compared to no treatment or control
antibody, suggesting that this inhibitory effect can occur early in the metastatic
cascade.
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Table 1. Fifty percent inhibitory concentration (ICso) by collagen hydrolysates

(CH) and a whey protein isolate (WPI) on cultured B16F10 melanoma cells.

Samples®  IC, (mg/mL) concentration range R

BCH 70.87 100 - 6mg/mL 0.9467
BCH-P1 100.74 100 - 6mg/mL 0.9378
BCH-P1 0.31 1-0.002mg/mL 0.9782
BCH-P2 117.11 100 - 6mg/mL 0.7160
BCH-P3 72.42 100 - 6mg/mL 0.9535
R1 6.11 8 - 0.004mg/mL 0.9810
R2 2.10 8 - 0.004mg/mL 0.9873
R3 1.79 8 - 0.004mg/mL 0.9962
R4 3.65 8 - 0.004mg/mL 0.9724
R5 1.78 8 - 0.004mg/mL 0.9829
P5 2.35 8 - 0.004mg/mL 0.9899
F1 0.34 500 - 0.98ug/mL 0.9552
F2 0.19 500 - 0.98ug/mL 0.9951
F3 0.42 500 - 0.98ug/mL 0.9999
F4 0.41 500 - 0.98ug/mL 0.9965
PCH 83.20 100 - 6mg/mL 0.9161
PCH-P1 70.12 100 - 6mg/mL 0.9196
PCH-P2 156.88 100 - 6mg/mL 0.8549
PCH-P3 107.32 100 - 6mg/mL 0.9066
WPI 6.89 100 - 0.15mg/mL 0.9373

& BCH: bovine collagen hydrolysate; BCH-P1: bovine collagen hydrolysate
(fraction P1); BCH-P2, BCH-P3: bovine collagen hydrolysate (fractions P2 and
P3). R1-R5: retentates of BCH-P1 on different ultrafiltration Millipore
membranes; P5: permeate from R5. F1-F4: fractions from RP-HPLC
chromatography of BCH-P1; PCH: porcine hydrolysate; PCH-P1, PCH-P2,
PCH-P3 (fractions P1, P2, P3) from PCH; WPI: whey protein isolate. For

regression equations for IC50 (see Appendix II).
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Figure 1. Cell cycle phases percentage of B16F10 cells determined in medium with
BCH-P1 (bovine collagen hydrolyzed fraction — MM <80KDa, mean 2.5KDa) or one of

i*s fractions obtained through reverse phase chromatography at 400ug/mL.
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(a) control, B16F10 melanoma cell, without test substance in the medium.
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Figure 2. Apoptosis percentage of B16F10 determined in medium with BCH-P1
(bovine collagen hydrolyzed fraction — MM <80KDa, mean 2.5KDa) or one of its
fractions  obtained through  reverse phase chromatography  at

400pg/mL.
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(a) control, B16F10 melanoma cell, without test substance in the medium.
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Figure 3. Cell cycle phases percentage of B16F10 determined in medium at differeni
concentrations with BCH-P1 (bovine collagen hydrolysate fraction — MM <80KDa,
mean value 2.5KDa) or one of its fractions obtained through reverse phase
chromatography.
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control, B16F10 melanoma cell, without test substance in the medium.
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Figure 4. Percentage caspase expression per B16F10 melanoma cell in
medium with collagen hydrolysate and their derivatives obtained through

reverse column fractionation at 400pg/mL.
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(a). (a) control, B16F10 melanoma cell without test substance in the medium.
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Figure 5. Percentage caspase expression of B16F10 melanoma cell in medium
with collagen hydrolysate (BCH) and their derivatives obtained through

molecular sieve fractionation at 400ug/mL.
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(a) control, B16F10 melanoma cell without test substance in the medium.

209



Figure 6. Cytotoxicity of bovine collagen derivatives and WPl at 400ug/mL

measured in flow cytometer.
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Figure 7. Apoptosis % of bovine collagen derivatives and WPI at 400ug/mL

measured in flow cytometer.
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ABSTRACT. Whey protein isolate (WPI), a bovine collagen hydrolysate (BCH,
~10%DH) and a bovine collagen hydrolysate fraction P4 (BCH-P1, mean MM 2.5
KDa) were used as dietary proteins (12g protein/100g diet) in American Institute of
Nutrition (AIN-93) balanced rodent diets were fed, both in the absence or in the
presence of Paclitaxel, a chemotherapic drug, to C57BL/6J mice bearing B16F10
melanoma. The animals were submitted to euthanasia by cervical dislocation 30
days after tumor cells transplantation. Main evaluated events were: percentage
mortality, survival rate, body weight and caquexia, tumor volume and other
macroscopic observations. Percentage mortality varied from 46.7% for the diet
containing BCH-P1 to 77% for the combination diet of BCH-P1 and WPI (50:50%)
on protein basis, compared with 20% mortality for WPI diet. For the treatment
added chemotherapic drug, mortality ranged from 40% for the BCH / WPI (50:50)
plus chemotherapic to 100% for the BCH treatment plus chemotherapic, compared
with 50% mortality for the WPI diet plus chemoterapic. Comparing all treatments,
the best one was WPI alone (20%) mortality followed by WPI / BCH (50:50) added
chemotherapic drug (40% mortality). Survival rate as a function of time diminished
in all dietary treatments in the presence of the chemotherapic drug. Tumor volume
was largest for WPI treatment both in the absence and presence of the
chemotherapic drug. Tumor burden, compared to WPI treatment, decreased from
35% to 88% for the various treatment in the absence, and from 47% to 91% in the
presence of the chemotherapic drug. Therefore the group treatment BCH + WPI
showed the best alternative to be used as complement to diet therapy of

melanoma considering percentage mortality, survival rate and tumor volume.
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INTRODUCTION

Diet can be considered as a risk factor in disease development, including
cancer (1, 2). Restriction of some essential amino acids in the diets reduced tumor
growth more than the quantity of diet provided (3, 4). Glutamine acts promoting
cellular growth and reproduction in normal and tumoral tissues (5), also function as
an immediate precursor in the intracellular synthesis of glutathione (y-
glutamylcysteinilglycine).

Whey proteins have been researched extensively in the prevention and
treatment of cancer (6, 7, 8, 9, 10, 11, 12).

Whey proteins such as serum albumin, a-lactalbumin and lactoferrin are rich
source of sulfur amino acids, mainly cysteine which is believed to be absorbed in
the sequence glutamyl-cystine promoting: (a) increase in glutathione concentration
in relevant tissues, (b) stimulate immune function, and (c) detoxify potential
carcinogens (9). Many animal studies have examined the effects of whey protein
concentrate and some of its components including lactoferrin and [3-lactoglobulin in
its immune enhancing activity and colon cancer inhibition (7, 9, 12, 13, 14). Tsai et
al. (14) demonstrated that a specific whey protein isolate (Immunocal) developed
and patented in Canada enhanced the cytotoxicity effect of anticancer drugs.

Regarding collagen derivates, besides technological/ functional properties,
some physiological properties have recently been studied (15, 16, 17, 18). Ito et al.
(19) demonstrated in vitro, that porcine skin gelatine presented anti-tumoral effect

on MH134 murine hepatoma cells, inhibiting the neoplasic cells growth by
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apoptosis. It was suggested that porcine skin (PS) gelatine induces apoptosis in
MH134 cells evaluated through flow cytometric analysis. Agarose gel
electrophoresis and electron microscopy findings revealed characteristic features
in the case of apoptosis by PS gelatine. On the other hand, bovine bone (BB)
gelatine did not induce apoptosis or necrosis (19).

Collagen is a fairly inexpensive protein although deficient in all essential
amino acids and lacks tryptophan completely. Nevertheless, its peculiar amino acid
composition and important physiological properties makes it a conditionally
indispensable dietary protein (20). On the other hand, whey protein is expensive
and difficult to obtain from milk but presents a balanced amino acid profile and high
nutritive value. Therefore, the two proteins are likely to be complementary from
both nutritional and physiological point of view.

In this investigation, the anti-tumoral effect of whey protein isolate (WPI) and
collagen derivates (hydrolysate fractions), alone or in combinations and in the
presence or absence of chemotherapic (ChTP) drug were comparatively studied
on C57BL/6J mice bearing B16F10 melanoma cells, with respect to macroscopic
observations, survival rate, metastasis, caquexia, measurements of tumor growth

and volume, and histological assessment.

MATERIALS AND METHODS
Materials. Collagen derivates (hydrolysates obtained from bovine skin raw
material) was supplied by Gelita Group (Gelita South America), Cotia, Sdo Paulo,

Brazil. The whey protein isolate (WPI) from bovine milk was produced in pilot plant
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scale using ultrafiltration technology (21). Anti-tumoral effect was investigated
using melanoma cells (B16F10) provided by Ludwig-Swiss Institute, Switzerland.
The mouse used in the experiments (C57BL/6J) were provided by the Laboratory
of Biochemistry and Biophysics, Butantan Institute, Sdo Paulo, Brazil.

Biological trials. Groups of six to seven female and six to seven male
C57BL/6J mice around 30 days from birth were housed in a controlled temperature
and humidity environment with 12 hours light and 12 hours dark cycles. Modified
AIN-93 diets (22) were offered 4 weeks before B16F10 melanoma tumor cells
transplantation. AIN-93 modification consisted in the use of 12% (12 g protein/100
g diet) of the various protein sources, instead of 17% protein as in the standardized
diet for rodents. For collagen protein source, both bovine and porcine, the amino
acids were added to the same level as the reference from FAO/ WHO. The diets
were maintained isocaloric and isoproteic by compensating the 5% decrease in
protein by equivalent amount of carbohydrate. The remaining nutrient composition
of the AIN standard diet was maintained.

The sources of protein in the various diets were: whey protein isolate (WPI);
bovine collagen hydrolysate (BCH, mean MM 3 KDa); bovine collagen hydrolysate
fraction P1 (BCH-P1, mean MM 2.5 KDa); mixture 50:50% bovine collagen
hydrolysate and WPl (BCH + WPI), and a mixture of 50:50% bovine collagen
hydrolysate fraction P1 (BCH-P1 + WPI).

The diets were administered with and without the chemotherapeutic drug
Paclitaxel (Taxol) 0.3 mg/animal (15 mg/kg body weight) once a week during 3

weeks (23, 24). The chemotherapeutic drug was injected in the tumor bearing mice
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10 days after tumor cells transplantation by subcutaneous injection (5 x 10°
B16F10 per mL) melanoma cells at the dorsal region (25, 26).

The animals were allowed to the diet and tap water “ad libitum” for the
duration of the experiment. Thirty days after tumor cells transplantation the animals
were sacrificed by cervical dislocation for macroscopic and microscopic tumors
evaluation.

Macroscopic observations. Tumors observations were followed for 30 days
after cells transplantation or until death start occurring in order to verify the rate of
survival. Body weight changes were followed up by weighing the mice once a week
using balance for animal assays. After 60 days of dietary treatment and 30 days of
tumour cells transplantation, the animals were submitted to euthanasia by cervical
dislocation and the following observations or measurements were performed:
necropsy for analysis of dorsal tumours, macroscopic identification of internal
nodules lesions, measurement of the mice tumors and weight and also photo
documentation (25, 26, 27). Efficacy was calculated as the ratio of tumor size in the
treated animals to the tumor size in control animals (WPI group).

Measurements of primary dorsal tumour growth. For both assays, without
and with chemotherapic, the animals were followed by measuring tumor growth on
alternative days, starting 10 days after tumoral transplantation. Tumor volume was
calculated using the following formula: tumor volume = (length) x (width)? x (11/3/4).
The sacrificed animals were also submitted to the necropsy and the tumor nodules

present in the internal tissues were counted and measured (27). Metastasis were
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also evaluated, as the number, volume and size of the tumors. This assessment
was done in different organs which presented metastasis (28).

Statistical analysis. Weekly body weight, changes in tumour volume, and all
measurements which were performed were compared by one-way analysis of
variance. Differences were expressed by p<0.05. Differences in number and size
of tumors were tested for statistical significance, using analysis of variance and
differences among means by Duncan’s or Tukey's test at p<0.05. The percentage
of mortality was analyzed by contingency analysis using Fisher's test. All the

experimental data were expressed as the mean + sdm.

RESULTS AND DISCUSSION

Percentage of mortality. Percentage mortality was determined for all study
groups both in absence and in the presence of the chemotherapeutic treatment.
The results are shown in Table 1. The protein diet groups without
chemotherapeutic treatment was compared with whey protein isolate (WPI) also
without drug treatment and the protein diet groups treated with chemotherapeutic
drug were compared to WPI treated also with the same drug. Comparisons were
also made in the same protein diet group treated or non treated with the
chemotherapeutic drug.

All groups without chemotherapy treatment presented higher mortality than
WPI diet group (20%; p<0.001). The group BCH-P1 + WPI showed increase of

percentage mortality (56.9%, p<0.001) compared to WPI group. On the other hand,
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the diet group BCH-P1 presented the lowest percentage mortality increase (26.7%,
p<0.001). Similar results were obtained by Tsai et al. (14) in a study conducted
with anti-cancer drugs and whey protein increasing the cytotoxicity effect of
chemotherapics. Some authors suggested that this effect is caused by reduction of
gluthatione in tumor cells (9).

Comparing the diet groups treated with chemotherapeutic drug to WPI +
ChTP group, except for the diet group BCH + WPI (ns), all other groups showed
increased percentage of mortality (p<0.001) for BCH + ChTP and (p<0.0059) for
BCH-P1 + WPI + ChTP, and for BCH-P1 + ChTP. Therefore, the lowest
percentage mortality when considered all diet groups treated with
chemotherapeutic drug was the WPI and the BCH + WPI (p=0.2007), with no
statistical difference between them.

Considering the same protein diet group with and without chemotherapic
treatment, the dietary protein groups which did not present mortality increase due
to addition of the ChTP drug were BCH + WPI (p=0.2007), and BCH-P1 + WPI
group (p=0.377). All other dietary groups showed higher percentage mortality when
submitted to chemotherapeutic treatment.

It was observed that the combination BCH + WPI + ChTP showed lower
mortality than WPI + ChTP (p=0.2007), suggesting a possible synergistic action of
the two proteins when administered together. On the other hand, when WPI was
used in combination with BCH-P1 + ChTP the percentage mortality increased
(p<0.001) comparing with WPl + ChTP. Lower percentage mortality showed by the

protein group BCH + WPI + ChTP could be attributed to the effect of whey protein
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on tumorigenesis acting as reducing agent preventing oxidation and tissue damage
through thiol (sulfhydryl) groups of cysteine present in these proteins (10). It was
also demonstrated that Immunocal (whey protein enriched with lactoferrin)
prevented cytotoxic effect. The humoral immune response of mice fed whey
protein concentrate (WPC) was significantly higher compared than animals fed
other nutritionally similar dietary protein. The incidence of tumors was also lower
(13, 14).

Survival rate. The influence of all protein diets on the survival rate of mice
bearing the melanoma tumors is illustrated in Figure 1 A and B, for the diets
without chemoterapeutic treatment (Fig 1A) and with chemotherapeutic treatment
(Fig 1B). In the Figure 1, the data which should be considered is the last point of
the curve before the animals were sacrified. As this point is higher, less probability
the dietary protein and the treatment caused toxicity to the animals.

Considering all protein diet groups without chemotherapeutic treatment the
BCH-P1 group presented the shortest survival time with animals starting to dye at
the 17" day while for WPI and BCH groups death started at the day 23". For the
other diet groups animal death started at day 25" after tumor transplant. The diet
group which presented the highest percentage of survival (the percentage of
animals alive in the last day of treatment before sacrifice) was WPI (80%) followed
by BCH-P1 (53.3%) and BCH + WPI (50%). Therefore, it could be concluded that
the combination of BCH and WPI did not increase the percentage survival. On the
other hand, the combination of BCH-P1 with WPI showed decrease in percentage

of survival which was 23.1% at the end of the treatment.
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From the dietary protein groups treated with chemotherapic drug, BCH + WPI
+ ChTP showed the highest percentage of survival (60%). The first day of animal
death for this group occurred at day 17 after transplant, the same day for BCH +
ChTP and BCH-P1 + WPI + ChTP groups. For WPI + ChTP and BCH-P1 + ChTP
groups, the first day of animal death was the day 13 after transplant. Comparing
BCH + WPI + ChTP group with the WPI + ChTP, it could be observed that
percentage of survival increased for the combination of the two proteins. However,
when comparing the BCH + ChTP with the BCH + WPI + ChTP group, the
percentage of survival increased from 0% to 60%, respectively, but the day of
starting animal death was the same.

It could be suggested again that WPI acts as a synergic protein with bovine
collagen hydrolysate (BCH) when in the presence of the chemotherapic treatment
(ChTP), but the combination of BCH-P1 + ChTP did not show the same effect,
presenting only 30% of survival, and the first day of animal death was the day 17
after transplant.

The treatment which showed the highest survival rate was bovine collagen
hydrolysate (BCH) in combination with WPl and in the presence of the
chemotherapic (60% survival rate), and showing survival time of 33 days after
B16F10 transplant. Considering the protein diet groups in the absence of
chemotherapic, WPI presented the highest survival rate (80% followed by BCH-P1
(53.3%) for the same survival time.

Comparison between BCH + WPI, without and with chemotherapeutic

treatment, it was observed that the percentage survival increased from 50% to
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60%, respectively, which was not found for all other dietary protein groups which
showed a increase in percentage survival when chemotherapeutic treatment was
applied.

Wu et al. (29) described that the synthesis of glutathione (GSH) from
glutamate, cysteine and glycine is catalyzed sequentially by two cytosolic
enzymes, y-glutamylcysteine synthetase and GSH synthetase. Animal and human
studies demonstrate that adequate protein nutrition is crucial for the maintenance
of GSH homeostasis. Glutathione plays important roles in antioxidant defense,
nutrient metabolism, and regulation of cellular events (including gene expression,
DNA and protein synthesis, cell proliferation and apoptosis, signal transduction,
cytokine production and immune response). Glutathione deficiency contributes to
oxidative stress, which plays a key role in aging and the pathogenesis of many
diseases (including HIV, cancer, heart attack, stroke and diabetes). Depletion of
glutathione leads to increased sensitivity to irradiation and oxidative stress. The
intra-cellular cysteine delivery system was used to promote glutathione synthesis,
and this was found to protect against toxicity (30).

In the present study, high survival rate found for WPI could be understanded
by cysteine content present in this protein, promoting GSH synthesis which avoid
oxidative stress.

Body weight and caquexia. Regarding body weight no significant change
was observed as a function of time nor among the protein diet groups (Figure 2A

and B). Caquexia was not observed for the WPI group, but it was observed in 10%
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of the animals of the BCH group. In the group treated with the two proteins (BCH +
WPI) caquexia was expressed in 10% of the animals. The group treated with BCH
+ WPI + ChTP no caquexia was observed. Therefore, when the mixture of these
two proteins were applied in the presence of the chemotherapic drug the animals
response was better.

Tumor volume. The rate of the tumor growth was established after the
inoculation of B16F10 melanona cells and considering the protein diet groups
without and with chemotherapeutic treatment (ChTP) (Figure 3 A, B). Considering
the diet groups without ChTP, the WPI group presented the largest tumor volume
as well as the fastest rate of growth, and BCH + WPI group the smallest volume,
showing 88.7% of tumor burden reduction compared with the WPI group (p<0.05).
The BCH-P1 group presented 54.5% tumor burden reduction compared with WPI
group (p<0.05) while the BCH group presented 42.8% tumor burden reduction
(p<0.05). On the other hand, the BCH-P1 in combination with WPI showed 35.1%
of tumor burden reduction. These two bovine collagen proteins (BCH and BCH-P1)
seem to have different behavior in relation to tumor growth, and the main
difference between them is the molecular mass, BCH-P1 presents mean MM
2.5KDa, and BCH a mean MM of 3.0KDa.

From the protein diet groups treated with chemotherapic drug, the largest
tumor volume was found for WPI + ChTP group (p<0.05), and the smallest volume
was found in BCH + WPI + ChTP group, a tumor burden reduction of 90.6%
comparing with WPl + ChTP group (p<0.05). The groups BCH-P1 + WPI + ChTP

and BCH + ChTP presented 70.3% and 72.3% tumor burden reduction,
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respectively, in relation to WPI + ChTP group (p<0.05). The smallest tumor burden
reduction was found for BCH-P1 + ChTP group (46.7%) compared with WPI +
ChTP (p<0.05).

The tumor volume found for collagen derivates were smaller than for WPI,
and when these proteins were used in combination the volume was the smallest
found. This effect of collagen derivates could be explained by the investigation
reported by Roth et al (31) studying cultures of B16F10 melanoma cells, in the
presence or absence of mAb HUIV26 (cryptic epitope of collagen protein) or an
isotype-matched control antibody. The results showed that mAb HUIV26 inhibit the
B16F10 adhesion dose dependently, suggesting that the effects of mAb HUIV26
on adhesion are not restricted to a single tumor cell type. The tumor cell
interactions with denatured collagen type IV are dependent, in part, on cellular
recognition of the HUIV26 cryptic epitope of collagen type IV (31). This study
suggested that tumor cell interactions with the HUIV26 cryptic epitope play an
important role in regulating experimental metastasis and this cryptic element may
represent a therapeutic target for controlling the spread of tumor to distant sites.

Tumor growth, angiogenesis, metastasis and spleen evaluation. From
the Figure 4 A, B, C and D one could notice the differences concerned tumor
growth, vascularization, tumor size and observations surrounding the animal tumor.

The majority of the animals treated with WPl protein without
chemotherapeutic treatment did not die during the treatment and presented dorsal
tumor pigmented, ulcerated but without apparent necrosis, only some of them with

internal necrosis (Figure 4B). The metastasis was not observed (Figure 5), but the
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tumor showed significant vascularization in its surrounding (Figure 4B). This
positive response regarding metastasis for WPI dietary group was also shown by
Waard et al (32). The incidence and multiplicity of colon cancer were reduced in
rodents by using lactoferrin treatment. The diet with 0.02-2% lactoferrin inhibited
the tumor formation (32).

The spleen area calculated for WPI group (1.07cm? + 0.33) was similar to
BCH spleen area (0.81cm® + 0.19) and the group BCH + WPI, without
chemotherapic treatment (p>0.05). The majority of the animals treated with BCH
without the chemotherapic drug showed tumor pigmented ulcerated and necrotic
with almost 67% of them with metastasis in lymphonodes (Figure 4A and Figure 5).
The vascularization surrounding the tumor was discrete when BCH and WPI were
used in combination. The pronounced necrosis observed in collagen derivates
dietary groups could be explained by interactions of tumor cells, with extracellular
matrix components which are also contributing to the regulation of proliferation
(31). The B16F10 seems to interact with collagen from extracellular matrix
promoting the necrosis.

The spleen area of WPI animals was similar to BCH when treated with
chemotherapic and also similar to the group fed BCH + WPI + ChTP; p>0.05. The
group treated with both proteins without chemotherapic presented tumor
pigmented, ulcerative and necrotic with metastasis in lymphonodes in 20% of the
animals (Figure 5) and vascularization was absent surrounding the tumor (Figure
4C). The group treated with BCH + WPI with ChTP showed tumor pigmented,

ulcerative and necrotic without vascularization surrounding the tumor (Figure 4D).
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This protein group had almost 17% of the animals with metastasis in lymphonode
(Figure 5).

The spleen area for BCH + WPI group was (0.94cm? +0.25) similar to WP
group and the BCH + WPI + ChTP also similar to WPI + ChTP group (p>0.05). It
could be verified that the animal treated only with WPI as protein source showed
intense vascularization (Figure 4B), tumor growth was large, high tumor volume
and growth rate, with a few areas of necrosis. On the other hand, the animal group
fed only BCH presented small tumor size (Figure 4A), presenting ulcerated and
large areas of necrosis but with low vascularization. When WPI| and BCH were
used together, the tumor size was not so small, but the vascularization reduced
(Figure 4C). The diet using BCH and WPI showed reduction of tumor size and
growth and no apparent vascularization. Probably, the WPI and the collagen
hydrolysates act differently in tumorigenesis, WPI stimulating immune system and
bovine collagen derivatives blocking vascularization, blood supply to the tumor,
suggesting that collagen derivatives could act as anti-angiogenic agent.

Regard to metastasis, there were four groups which did not present
metastasis, BCH-P1 and BCH-P1 + WPI without and with ChTP. For WPI, when
ChTP was applied the metastasis was detected in lymphonodes and lung for 40%
of animals. On the other hand, for BCH and BCH + WPI groups when ChTP was
used the metastasis decreased from 67% to 40% and from 20% to 17%,
respectively. The metastasis was detected in lymphonodes, lung and liver.

The improvement observed with WPI treatment was probably caused by the

effect of this protein in anti-tumoral activities modulated immunologically. This
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same effect was already observed through the glutamine infusion during bone
medulla transplantation (5) which could preserve the hepatic function through
maintenance of glutathione concentration that protects the hepatocytes against
oxidative stress caused by chemotherapeutic treatment. The cellular growth is a
function of glutamine influx, suggesting that this molecule is used to synthesize
glutathione (5). The whey proteins contain relatively high concentration of
methionine, which stimulates the cell turnover proliferation from crypt cells (33).

The anti-angiogenic effect of collagen derivates was already observed by a
study conducted by Teodoro et al (34) showing that p53 transcriptionally activates
the a(ll) collagen prolyl-4-hydroxylase [a(ll)PH] gene, resulting in extracellular
release of antiangiogenic fragments of collagen type IV and type XVIII.

The triple helical conformation of the collagenous domain plays a critical role
in some interactions to promote melanoma cells adhesion, migration and invasion.
It was also demonstrated (35) that a sequence from the collagen a3(IV) NC1
domain inhibits melanoma cell proliferation, migration and invasion by decreasing
metaloproteinases (MMP) production and activation. Peptide sequences from the
al(lV), a2(lV), and a3(IV) chains, were shown to inhibit angiogenesis (35).

Therefore, the diet group which presented the best alternative to be used as
auxiliary diet during chemotherapeutic treatment was BCH + WPI considering
percentage mortality, survival rate and tumor volume. The bovine collagen protein

seemed to present different mechanism for inhibition of tumorigenesis than whey
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protein isolate, and both used together could retard the tumoral progression more

effectively.

ACKNOWLEDGMENT
The authors acknowledge the financial support given by Gelita South America,
Cotia, SP, and Butantan Institute, Sado Paulo, SP, Brazil for providing the technical

support.

228



REFERENCES

1.

Rowlands, J.C., Hakkak, R., Ronis, M.J.J., Badger, T.M. Soy and whey
proteins downregulate DMBA-induced liver and mammary land CYP1
expression in female rats. Journal of Nutrition. 2001; 131(12):3281-3287.
Bennink, M.R. Soybean in the prevention and treatment of cancer. Anais do |
Simposio Brasileiro sobre os Beneficios da Soja para a Saude Humana,
Londrina; 2001. p.24-27.

Pine, MJ. Effect of low phenylalanine diet on murine leukemia L 1213. Journal
of National Cancer Institute. 1978; 60 (3):633-641.

Theuer, R. Effect of essential amino acid restriction on the growth of female
C57BL mice and their implanted BW 1032 adenocarcinomas. Journal of
Nutrition.1971; 101(2):232-233.

Collins CL, Wasa M, Souba WW, et al. Determinants of glutamine
dependence and utilization by normal and tumour-derived breast cell lines.
Journal Cell Physiol.1998; 176(1):166-78.

Mcintosh, GH., Royle, PJ., Le Leu, RK., Regester, GO., Johnson, MA,,
Grinsted, RL., Kenward, RS., Smithers, GW. Whey proteins as functional
food ingredients? Int. Dairy Journal.1998;8: 425-434.

Bounous, G., Batist, G., Gold, P. Whey proteins in cancer prevention. Cancer
Letters.1991; 57: 91-94.

Sgarbieri, VC. The role of dietary energy and macrocomponents of foods in
modulating carcinogenesis (an overview). Ciéncia e Cultura.1999; 51: 104-

121.

229



10.

11.

12.

13.

14.

15.

16.

17.

Bounous, G. Whey protein concentrate (WPC) and gluthatione modulation in
cancer treatment. Anticancer Res.2000;20: 4785-4792.

Marshall, K. Therapeutic applications of whey protein. Alternative Medicine
review.2004; 9: 136-156.

Sgarbieri, VC. Propriedades fisiol6gicas funcionais das proteinas do soro de
leite. Revista Nutricdo.2004; 17: 397-409.

Dias, NFGP., Sgarbieri, VC., Jacobucci, HB. Dietary protein, immune function
and colon carcinogenesis in the mouse. Lait. 2006; 86: 213-226.

Kuhara, T., ligo, M., ltoh, T. et al. Orally administered lactoferrin exerts an
antimetastatic effect and enhances production of IL-18 in the intestinal
epithelium. Nutr. Cancer.2000; 38: 192-199.

Tsai, WY., Chang, WH., Chen, CH., Lu, FJ. Enhancing effect of patented
protein isolate (Immunocal) on the citotoxicity of anticancer drug. Nutr.
Cancer.2000; 38: 200-208.

Krans, C; Schwars, E. Osteoporose-artrose : aspectos nutricionais e
fisiologicos em relagdo a prevencdo e ao acompanhamento terapéutico.
Proveta Food AG, Hoehst, Alemanha, 60 p. 2001.

Brodie, JM. Hair growth benefits from dietary cystine-gelatine
supplementation. Journal Applied Cosmetology.1984; 2: 15-27.

Morganti, P. The effect of gelatin-glycine on skin hydration. Journal of Applied

Cosmetology.1990; 8: 81-88.

230



18.

19.

20.

21.

22.

23.

24.

Oesser, S; Adam, M; Babel, W; Seifert, J. Oral administration of *C -labelled
gelatin hydrolysate leads to an accumulation of radioactivity in cartilage of
mice ( C57/BL). Journal of Nutrition.1999; 129: 1891-1895.

Ito, N; Kojima, T; Nagath, H; Ozeki, N; Yoshida, Y; Nonami, T. Apoptosis
induced by cultuing MH134 cells in the presence of porcine skin gelatin in
vitro. Cancer Biotherapy Radiopharmaceutical.2002; 17(4): 379-384.

Ward, AC; Courts, A. The science and technology of gelatin. Academic Press,
New York, 1977.

Maubois, JL., Olivier, G. Extraction of milk protein. In: Food Proteins and their
Applications. Marcel Dekker Inc. 1997, NY, CH: 579-595.

Reeves, P.G; Nilsen, F.H; Fahey, J.R. AIN-93 purified diet for laboratory
rodents: Final report of the American institute of Nutrition ad hoc Writing
Commitee on the Reformulation of AIN-76 Rodent Diet. Journal of Nutrition.
1993; 123: 1939-1951.

Zhang, X.; Burt, H.M.; Mangold, G; Dexter, D.; Hoff, D.V.; Mayer, L; Hunter,
W. Anti-tumor efficacy and biodistribution of intravenous polymeric micellar
paclitaxel. Anti Cancer Drugs.1997; 8:696-701.

Rodrigues, D.G; Maria, D.A; Fernandes, D.C; Valduga, C.J; Couto, R.D;
Ibanez, O.C; Maranhao,R.C. Improvement of paclitaxel therapeutic index by
derivatization and association to a cholesterol-rich microemulsion: in vitro and

in vivo studies. Cancer Chemother Pharmacol. 2005; 55(6):565-76.

231



25.

26.

27.

28.

29.

30.

31.

32.

33.

Geran, R.l. Greenberg, N.H. Macdonald, M.M. Schumacher, A.M. Abott, B.J.
Protocols for screening chemical agents and natural products against animal
tumor and other biological systems. 3ed., Betheseda, Maryland, 47-51; 1972.
Brentani M.M. Bases da Oncologia. 22 ed. Sao Paulo: Lemar Livraria; Editora
Marina e Tecmed Editora, 20083.

Henry, R.J. Clinical Chemistry Principles and Techniques. 2". Ed. Hargeston:
Harper & How, 1974.

Junqueira, L.C.U.; Junqueira, M.M.S. Técnicas Basicas de Citologia e
Histologia. Editora Santos. 1983.

Wu, G; Fang, Y.Z; Yang, S; Lupton, J.R; Turner, N.D. Glutathione metabolism
and its implications for health. J. Nutr. 2004; 134:489-492.

Williamson, J.M; Boeticher, B; Meister, A. Intracellular cysteine delivery
system that protects aginst toxicity by promoting glutathione systhesis. Proc.
Natl. Acad. Sci. 1982; 79:6246-6249.

Roth, JM., Caunt M., Cretu A., Akalu A., Policarpio D., Li X., Gagne P.,
Formenti S., Brooks P.C. Inhibition of experimental metastasis by targeting
the HUIV26 cryptic epitope in collagen. Am. Journal Pathology. 2006;
168(5):1576-1586.

Waard RD, Belzen NV, The anti-carcinogenic potential of lactoferrin.
AgroFood Industry Hi-Tech; March-April; 2003.

Duranton B, Freund JN, Galluser M, et al. Promotion of intestinal
carcinogenesis by dietary methionine. Carcinogenesis 1999, 20(3): 493-7. In:

Waitzberg DL. Dieta, Nutricdo e Cancer. 1a. ed. Atheneu; 2204. p. 182-183.

232



34. Teodoro JG, Parker AE, Zhu X, Green MR. p53-Mediated inhibition of

angiogenesis through up-regulation of a collagen prolyl hydroxylase. Science.

2006, 313 (Aug): 968-971.
35. Pasco S, Brassart B, Ramont L, Maquart FX, Monboisse JC. Control of

melanoma cell invasion by type IV collagen. Cancer Detection and

Prevention. 2005, 29: 260-66.

233



Table 1. Evaluation of percentage mortality in all dietary groups

Treatment Number of  Mortality Difference in mortality
Animals (%) (@) (b) (c)

wPI® 15 20
WPI + ChTP® 10 50 30***
BCH 10 70 50***
BCH + ChTP 10 100 50*** 30***
BCH-P1 15 46.7 26.7***
BCH-P1 + ChTP 10 70 20** 23.3*"
BCH + WPI 10 50 30***
BCH +WPI+ChTP 10 40 -10"™ -10"
BCH-P1 + WPI 13 76.9 56.9***
BCH-P1 +WPI + ChTP 12 83.3 33.3** 64"
Contingency analysis — Fisher's test: *p<0.05, **p<0.01, ***p<0.001, "= non

significant. ¥ Compared WPI with other treatments without ChTP; ® Compared
WPI + ChTP with other treatments; © Comparison between the same protein

treatment without and with ChTP.
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Figure 4 A, B, C and D. Macroscopic aspect of mice bearing tumor melanoma B16F10.

Pictures taken in the end of experiment A. BCH treatment without chemoterapic drug. B. WPI
treatment without chemotarapic drug. C. BCH + WPI treatment without chemoterapic drug. D. BCH

+ WPI treatment with chemotherapic drug.
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Analysis of cell cycle phases and proliferative capacity in
mice bearing melanoma, maintained on different dietary

proteins
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Background: The proliferate states can be unified in a single cell cycle model that
recognizes differences in the behavior of rapidly dividing and slowly dividing cells in
the same population. It has been suggested that the number of nucleolar organizer
regions (NORs) may reflect nuclear and cellular activity. In this study the influence
of dietary protein in the growth of melanoma B16F10 was evaluated through
analyses of tumor cell population in cell cycle phases and number of NORs.
Methods: Cell cycle phases and proliferative activity were determined through
staining with silver applying AQNORs technique in mice bearing B16F10 melanoma
cells, fed different dietary proteins. All data were submitted to statistical analyses.
Results: The G0/G1 phase increased for the animals group fed BCH or BCH-P1 +
WPI compared with the mice that received only WPI in the diet. The same trend
was found for these dietary group treated with chemotherapic. The mice that

received BCH + WPI treated with chemotherapic showed the highest percentage of
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apoptosis compared with WPI diet group. Analysing AgNORSs, the total NORs/ cells
and dot number /cell for all dietary protein groups were higher than for WPI in
absence of chemotherapic treatment. On the other hand, when chemotherapic was
applied the only two dietary protein groups which presented higher total NORs and
dot per cell were BCH + WPl and BCH-P1 + WPI. All data were statistically
evaluated.

Conclusions: Lower significant proliferative capacity and larger number of cells at
G0/G1 phase were observed for the dietary protein groups combining the two
proteins, BCH or BCH-P1 with WPI, and application of Paclitaxel chemotherapeutic

treatment.

Key words: melanoma, AgNOR, cell cycle phases, dietary protein.
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It was stated ' that acquired/inherent genetic instability in normal cells causes
mutational events that result in neoplasic transformation and provide such cells
with a selective growth advantage over adjacent normal cells. Proliferation of
neoplasic cells then proceeds, either immediately or after a considerable latent
period.

Some cell cycle models assume that cells are normally in a quiescent state
until they are stimulated to enter the cell cycle and proceed through an S phase of
fixed duration. Other models assume that cells cycle progresses rapidly until they
undergo growth retardation, proceed through the S phase of longer duration, and
then undergo apoptosis or preferentially cell differentiation. The proliferative states
can be unified in a single cell cycle model that recognizes differences in the
behavior of rapidly dividing and slowly dividing cells in the same population. The
mitogenic signaling pathway is divided into a proximal segment, which consists of
growth factor-induced membrane signaling, commonly through the genes ras, raf,
and cyclin D/cdk retinoblastoma (Rb) kinase activation, and is subject to controls
and balances that are designed to limit the propagation of the mitogenic signal.
The distal segment of the mitogenic signaling pathway, which consists of
retinoblastoma (Rb) phosphorylation, the release of transcription factor (E2F), the
induction of c-myc, cyclins E and A, and DNA synthesis, is distinguished by a
multiplicity of nested positive feedback loops; these would be expected to drive a
mitogenic signal that entered the distal segment through at least one round of DNA

synthesis.
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Studies about genetic instability showed that silver staining indicates the
presence of nucleolar organizer region (AgNOR) in the short arm of chromossome
allowing to evaluate the genetic instability through a single chromosome level.’
Nucleolar organizer regions (NORs) are loops of DNA that are present in the nuclei
of cells, and which possesses ribosomal RNA genes. NORs are readily stained in
metaphase chromosome spreads by argyrophil technique. It has been suggested
that the number of NORs may reflect nuclear and cellular activity. The number of
AgNOR and subjective AgNORs pattern assessment (SAPA) score represents
proliferating cellular activity, and therefore, can be used for detecting malignancy.®
The area occupied by the silver-stained interphase NORs within the nucleolus is
related to the total nucleolar area and to the level of ribosome biogenesis.
Therefore, the evaluation by image analysis of the area occupied by the silver-
stained interphase NORs within the nucleoli allows to obtain precise information on
the nucleolar size. * More recently, it has been suggested that the numbers of
AgNORs in nuclei may reflect their state of activation or, indeed, malignancy.’

In cancer cells, this arrangement is often disrupted, with increased number of
NORs of abnormal shapes and different sizes, including small dots. Some studies
have used NOR patterns as prognostic tools to evaluate proliferation levels ®,
troublesome borderline lesions 7, and tumor progression. Increased staining and
alterations in shape, size, and number of NORs account for extra amounts of
ribosomes needed by highly proliferating cancer cells. Changes in copy number
and transcription of ribosomal cistrons have been reported showing altered NOR

patterns on skin cancers. "% ?
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Malignant melanoma cells presented scattered NORs (dots) and increased
number of clusters. Statistical differences were found concerning the number of
NORs between pre-malignant lesions and malignant melanoma, but not between
benign and dysplastic nevus. ' " Furthermore, increased number of NOR clusters
and dots were observed in melanoma more than 1.5-mm width, correlated to a
worse prognosis.'? Patients bearing melanoma tumor stage |, with a high number
of NORs, developed metastasis some months earlier than those with fewer
NORs."® Nevertheless, there are discrepancies among different studies regarding
the prognostic value of AQNOR counts in melanoma.™

There is evidence that in proliferating cells the quantity of interphase
AgNORs, both nucleolin and nucleophosmin, progressively increases from early
G1 phase, reaches a maximum value at the end of S-phase and remains constant
up to the late G2 phase. * ' AgNOR values have been shown to be linearly related
to the rapidity of the expansion of the tumor mass in patients with lung and liver
cancers. Since the tumor mass growth rate is one of the most important factors
influencing the clinical outcome, it follows that the AgNOR value represents a
valuable parameter to have information about the progression of tumor disease in
the host. A significant correlation between AgNOR value and patient survival have
been reported in many types of cancer disease, demonstrating that the AgQNOR
quantity was the only significant parameter predicting patient death.* It has long
been known by pathologists that hypertrophy of the nucleolus is one of the most

distinctive cytological features of cancer cells.'
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The objective of this study was to evaluate the influence of dietary protein in
the growth of melanoma B16F10 through analyses of tumor cell population in cell

cycle phases and number of nucleolar organizer regions (NORs).

Materials and methods
Materials. The cells used in this investigation were collected from B16F10
melanoma tumor cells already implantated in mice C57BL/6J after a treatment
period. These animals were treated with different protein diets that were isocaloric
and isoproteic: BCH (bovine collagen hydrolysate), BCH-P1 (bovine collagen
hydrolysate fraction,mean MM 2.5kDa), whey protein isolate (WPI) and mixtures of
WPI and BCH or BCH-P1 fraction. The diets were fed to the rats with or without
chemotherapic drug. The chemotherapic used was Paclitaxel (Taxol) 0.3mg per
animal (15mg per Kg body weight) one time a week during three weeks.'®

Animal assay- experimental protocol. A summarized fluxogram of the

experimental protocol'®'” is represented in Figure 1.
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The animals were treated with dietary
proteins (AIN-93 diets 12% protein isocaloric
and isoproteic) for 4 weeks before tumor cell

transplantation

Each group
composed of 6-7 i L

animals which The dietary proteins groups were: WPI (whey
were housed in protein isolate), BCH (bovine collagen

controlled hydrolysate), BCH-P1 (bovine collagen
temperature and hydrolysate fraction <80KDa mean MM
humidity

. ) 2.5KDa) and mixtures of one of these two
enviroment with bovine proteins with WPI 7

12 hours light, 12
hours dark cycles. iL
The animals were implanted with melanoma
injected subcutaneously at dorsal region with
5 x 10° B16F10 cells/mL and each protein
group received once a week the
chemotherapic (ChTP) Paclitaxel (Taxol)
0.3mg per animal (15mg per Kg body weight)
one time per week during three
weeks after 10 days of tumor implantation.
The AIN- was administrated continuously.

For comparison the same protein group did
not receive ChTP '®

Il

Body weight changes was followed up by
weighing the mice once a week.

The tumors were measured 3 times per
week.

After 30 days of tumor implantation, the
animals were sacrificed through cervical
dislocation to conduct necropsy, metastasis,
caquexia, samples to cell cycle and AgNORs
analysis.

0.3mg per animal

(15mg per Kg body weight)
one time per week during three
weeks

Figure 1. Summarized experimental protocol of tumorigenesis using C57BL/6J

mice implanted with B16F10 melanoma tumor cells.
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Murine tumoral strain culture. The cell culture of murine melanoma B16F10
provided by the Ludwig- Swiss Institute, Switzerland was cultivated in flasks with
75cm® in a medium of RPMI-1640 (Gibco) supplemented with 10% of fetal bovine
serum inactivated (Cultilab), 2mM L-glutamine (Sigma Chemical Company), TmM
sodium pyruvate and the antibiotics (streptomycine 0.1mg/mL and ampicilin 0.1
mg/mL —Fontoura Wyeth AS). Before cell adherance, the cells were cultivated to
multiply and maintain the strain, in order to be frozen in a medium of RPMI-1640
with 10% dimethylsulfoxide (DMSO, Sigma Chemical Company) and stored in
liquid nitrogen. '®

The adherent cells suspensions (B16F10) were obtained using trypsin 0.2% in
culture flasks for 5 minutes and then inactivated in fetal bovine serum at 10%
concentration. The non-adherent cells were centrifuged twice to be ressuspended
in a medium RPMI-1640 supplemented. To count the cells a Malassez camara was
used. Cell concentration was adjusted to 5 x 10° cells/mL in a medium with RPMI-
1640 supplemented with 10% fetal bovine serum and 7g of Polimixin-B (Sigma
Chemical Company, St Louis Mo-USA). The cell viability expressed by non-
staining cells was determined through exclusion test using Tripan Blue and was
found to be superior to 95% viable cells.

Determination of cell cycle phases. Flow cytometry was applied to study cell
cycle, which permitted to determine the kinetic parameters of cell population and
provide the percentage of cells that were in phases G0/G1, S, G2/M and apoptosis.
Samples of tumor cells from animals treated with collagen and whey proteins and

also non-treated sample were collected and frozen immediately in sodium citrate
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(2mM), sucrose 25 mM and 0.05% dimethylsulfoxide (DMSQO), and stored in liquid
nitrogen until the moment of use.®

After defrosting in ice bath the cells were incubated with 375 pL of trypsin (Sigma)
0.03 g/L for 10 minutes at room temperature and neutralized using trypsin inhibitor
(Sigma) 0.5 g/L, ribonuclease A (Sigma) 0.1 g/L and espermine (Sigma) 1.2 g/L.
The samples were transferred to tubes of a flow cytometer and the cell counting at
different cell cycle stage, apoptosis level (Sub-G1) and DNA content at S phase
were obtained using Software Mod-fit. (Becton-Dickson).?°

AgNORs technique. The procedure to conduct AQNORs technique requires the
imprint of tumor tissue which was removed from animals treated with the collagen
and whey proteins immediately after they were sacrificed. The imprint was
emerged in acetone (p.a.) for 5 minutes followed by washing with saline solution,
then dried at room temperature. The imprinted material was stored at 4°C prior to
staining.?’

For staining it was necessary to emerge the imprinted material in a solution of
colloidal silver prepared with one part of gelatin 2% dissolved in 1% formic acid
mixed with two parts of silver nitrate solution (1:1). In the sequence the material
was dried in a moisturized oven at 37°C for about 17-20 minutes. This time could
be varied according to the tissue preparation procedure. Therefore, it is important
to closely follow up the material during incubation at 37°C. After incubation, the
material was washed with deionized water and sodium thiosulphate 1% for 1

minute at 37°C to complete the reaction. A second washing with water should be
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applied following the drying of the material at room temperature. During the
procedure it is necessary to avoid exposure to light.?* 23
The results for each sample were submitted to statistical parametric and non-

parametric analyses by using softwares PRISMA program, GraPad InStat.
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Results

Evaluation of the results obtained from cell cycle phases determination (Figures 2
A,B and 3 A,B), showed that BCH and BCH-P1 + WPI treatments exhibited an
increase of cells in the phase GO/ G1 (quiescent phase), relative to WPI treatment
(p<0.01 and p<0.001, respectively).

Same general feature was observed for the treatments with chemotherapic drug
added to the diets. An increase of cells in the GO/G1 phase relative to the
treatment with WPI + ChTP was observed for BCH + ChTP and BCH-P1 + WPI +
ChTP (p<0.05), indicating that these experimental conditions significantly inhibited
the proliferative capacity of tumor cells. The treatment BCH + ChTP when used
with WPI (BCH + WPI + ChTP) showed a relative decrease of cells in the phase
GO0/ G1 (p<0.01), indicating that WPl presents a different mechanism of
cytotoxicity, by an increase of programmed cell death apoptosis phase (p<0.01) as
shown in Figures 2B, 3B and 5A, 5B.

The percentage of cells in apoptosis for animals treated with WPI and BCH + WPI
+ ChTP increased significantly (p< 0.01), as shown in Figure 3 (A, B) and Figure 5
A.

The results of the present investigation show that WPI is probably an apoptosis
inductor when administrated with BCH, as already reported by Marshall et al ® for
a study with hamsters which were treated with whey protein in which a reduction of
mucosite induced by the chemotherapic 5-fluoracil was demonstrated. This
protective effect seemed to be related to the transforming growth factor beta (TGF-

B) reducing the proliferation of basal epithelial cells.?® The TGF-B could induce the
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expression of cellular death receptors (Apo2-TRIAL) leading to cellular
programmed death (apoptosis).?® The synergistic effect found for the combination
of BCH + WPI may also be the result of increased apoptosis, probably occurring
through the same mechanisms.

The NOR pattern observed in each cell was classified according to the number of
small dots and clusters, from which was obtained the total NORs for each cell
nucleolus. The proliferative index is the percentage of total NORs increase(+) or
reduction(-) in relation to tumor cells removed from mice C57BL/6J fed WPI, with
(Figure 7) or without (Figure 6) chemotherapeutic drug and used as the control. All
the data including mean + sdm and statistical analysis for each protein diet group,
with and without chemotherapeutic treatment are illustrated as total NORs related
to WPI (A) or WPI + ChTP (B) in Figure 4 (A, B).

From Figure 4 (A) and Figure 6 one can notice that the proliferation indexes of
tumor cells B16F10 from animals treated with BCH, BCH-P1 protein diets, and
mixture of one of these two proteins with WPI were significantly higher (p<0.001)
than the WPI diet (control). The same general results were obtained with respect to
the dot number/cell (p<0.001).

When the comparisons are made between WPI + ChTP (control) and all the other
groups also treated with ChTP drug (Figure 4B and Figure 7) no difference was
found between the control and BCH + ChTP or BCH-P1 + ChTP (P>0.05).
However, a statistical difference (p<0.001) was found between the control and

BCH + WPI + ChTP, for both total NORs and dot number/ cell, nevertheless the
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difference of BCH-P1 + WPl + ChTP with the control showed lower statistical
significance (p<0.01).

The cluster number did not show any statistical difference among all protein diet
groups evaluated (p>0.05).

Different protein diets influenced the tumor B16F10 cell’'s activity (proliferative
index) in therms of total NORs parameters evaluated (Fig 4A, B). The proliferative
index, difference between WPI and the other protein diets without the ChTP drug
varied from 43.6% to 63.3%. The highest proliferate index was found for BCH-P1 +
WPI (63%; p<0.001) relative to WPI.

Comparing the treatments with the chemotherapic drug, proliferate indexes
changed from -1.5% to 20.5%, significant at (p<0.001) with exception of the
treatment BCH + WPl + ChTP (1.1%; ns) relative to WPl + ChTP (control).
Therefore, the chemotherapeutic treatment, as expected, reduced the proliferative
activity in all diet groups and an apparent synergism was detected between BCH or
BCH-P1 with the ChTP drug (p<0.001), and the combination BCH-P1 + WPI +
ChTP (p<0.01). No statistical difference was found between BCH + WPI and BCH
+ WPI + ChTP treatment, therefore no apparent synergism in this case.

In the case of WPI (control diet) addition the ChTP drug significantly increased total

NORs/ cell (Fig 4 A, B).

Discussion
The malignant invading tumor cells seem to establish contact with extracellular

matrix proteins, including fibrilar collagen. In addition to provide physical barrier
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against invasion, fibrilar collagen also restricts proliferation. It has been assumed
that the growth regulation results of an indirect restrictive effect on cell spreading
and cytoskeletal organization. The effect observed from collagen diets in cell cycle

was also demonstrated by Wall et al %’

, which showed an inhibitory effect of fibrilar
collagen on proliferation of human melanoma and fibrosarcoma cells that involves
activation of the tyrosine kinase discoidin domain receptor 2 and is independent of
effects on cell spreading. Cells plated in the presence of fibrilar collagen exhibited
growth arrest in the GO/G1 phase of the cell cycle. In the present study, only BCH
and BCH-P1 + WPI without and with chemotherapic showed growth arrest in the
GO0/G1 phase, S and G2/M phases did not differ significantly from WPl or WPI
+ChTP, respectively. On the other hand, BCH + WPI +ChTP exhibited increase in
apoptosis percentage. Evaluating groups without ChTP treatment, BCH and BCH-
P1 + WPI were the only ones which presented significant increase in apoptosis
percentage.

Paclitaxel binds to the second globular domain of 3 tubulin, on the other side of the
core helix from the GTPase domain®. The precise effect of paclitaxel on
microtubule dynamics depends on the assembled isotypes of (3 tubulin. The most
conserved of the B tubulin residues in the pocket is Asp226%. Taxol suppresses
dynamics of individual microtubules in living human tumor cells. Microtubules are
intrinsically dynamic polymers, and their dynamics play a crucial role in mitotic
spindle assembly, the mitotic checkpoint, and chromosome movement. Taxol

blocked cell cycle progress at the methaphase/ anaphase transition and inhibited
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cell proliferation®®. Finally, an interesting recent finding is that paclitaxel is
particularly effective as an anticancer agent because tubulin is not its only target. It
also binds to a protein called Bcl-2, which normally blocks the process of
apoptosis, or cell death. Paclitaxel, therefore plays a dual role in destroying
dividing cells, firstly by stabilizing assembled microtubules and thereby halting
mitosis, and secondly by inhibiting Bcl-2 and allowing apoptosis to proceed?.
Probably this taxol mechanism of action leads to different behaviour of dietary
groups non-treated and treated with paclitaxel. For groups treated with ChTP, the
apoptosis percentage increased only for BCH + WPI + ChTP, suggesting that taxol
suppressed dynamics of individual microtubules or binds to the protein Bcl-2.

Cho et al ® demonstrated on Raw264.7 cell that ciclin D1, A and B1 were activated
by bovine collagen type | (BIC) and also demonstrated that P13-kinase and the
MAP kinases including JNK and ERK were involved in the restrictions of G1 and S
phases in cell cycle. The P13-kinase and MKK1-mediated negative regulation by
BIC in cell proliferation may be transmitted from the activation of cell surface
receptors. BIC regulates negatively the proliferative capacity and also could
stimulate inflammatory response due to fail to enhance the expression of innate
nitrogen oxide synthase (iINOS) and cyclooxygenase-2 (COX-2), suggesting that
BIC-induction cell signaling differs from RGD (small peptide containing RGD
sequence) activation alone. *° It was also evaluated (data not shown), some
fractions of bovine and porcine collagens obtained from ultra and micro filtration
and also from reverse phase chromatography. The fractions F collected from

reverse phase column, demonstrated higher bioactivity against B16F10 melanoma
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cells culture than original samples. Probably, some peptide sequences could be
responsible for this effect, mainly from F1 and F2 fractions.

Detection of nucleolar organizer regions (NORs) associated proteins by binding to
silver is a relatively new technique (AgNOR), which has the advantage of being
simple, easy to perform, and a quick procedure. It can also be used on routinely
fixed, paraffin wax embedded specimens, and can therefore be used for
retrospective studies as well. All of these make of this technique a useful adjunct to
the routine HE staining histopathological examination.

Dervan et al. 3! suggested that the number of AgNOR increases with proliferative
activity, degree of ploidy, and nucleolar dispersion. Through the argyrophilic
nucleolar organizer region (AgNOR) count and subjective AgNOR pattern
assessment (SAPA) score in cytologic and histologic specimens of various skin
tumors, it was concluded that melanoma cells showed a higher AGQNOR count
compared with squamous cell carcinoma and basal cell carcinoma.® The number of
total NOR's increased for all dietary groups non-treated with ChTP comparing with
WPI group, it could be also shown through worse percentage mortality and survival
rate, but the tumor volumes were not larger (data not shown). Therefore, the
proliferative activity of the tumor seems not to be relevant, even when the number
of total NOR's was higher, it did not contribute to increase the tumor volume. The
same trend was observed for dietary groups treated with ChTP, the number of total
NOR's was higher for BCH + WPl and BCH-P1 + WPI groups, which showed lower

tumor volume, probably lower proliferative activity. These two dietary groups were
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compared with WPl + ChTP that presented higher number of total NOR's in
relation to WPI group (reference).

The value found for mean AgNOR counts in cutaneous melanoma was around
8.2.3% 3334 | eong et al. * suggested that melanoma cells can be differentiated
from melanotic nevi on the basis of AQNOR, but a significant degree of overlap was
reported by various authors. Naik et al * found that AQNOR can be used as an
adjunct to routine histopathologic examination, as they found AQNOR count of 1.06
+ 3.43 in benign nevi, and 4.26 + 10.66 in malignant melanoma. Howat et al. ™
suggested that AgNOR is of limited value in the prognostic of melanoma. Khanna
et al ® found that AgQNOR count and score increased with increasing stage of the
disease. AgNOR counts and SAPA score in melanoma were significantly higher as
compared to nevi. No significant increase in AQNOR count and score was found
with increase in radial diameter of melanoma in the present work. > AGNOR count
and SAPA score in melanoma were independent of nodal status. In the present
study, the number of total NOR's were higher than 15 for dietary groups without
ChTP, except for WPI group, and higher than 12 for dietary groups with ChTP
treatment. The number of total NOR's seems to contribute for bad prognostic, but
presenting smaller tumor volume and longer time of tumor growth, probably smaller
proliferative activity according to Derenzini et al. %

In different lines of human tumor cells cultured in vitro, the shorter the cell doubling
time the greater is the amount of interphase AgNORs. * % These data were
confirmed in vivo by a study on the relationship between interphase AgNOR

quantity and tumor mass doubling time of human cancer cell xenografts in athymic
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mice. The relationship between interphase AQNOR quantity and cell doubling time
can be explained by considering that proliferating cells have to produce an
adequate ribosomal complement for the daughter cells and the shorter the cell
cycle, the greater is the ribosome biogenesis per unit of time. *

The importance of the nucleolus in tumor pathology, the relationship between
nucleolar size and function and tumor mass growth rate was studied in vivo. ¥ Ten
established human cancer cell lines from colon carcinomas and neuroblastomas
were inoculated subcutaneously in athymic mice and the doubling time (DT) of the
xenograft tumor mass was calculated. *” The tumor DTs ranged from 3.2 to 15.7
days. The nucleolar area values were inversely related to the xenograft tumor
mass DTs (p<0.001). The present data demonstrate that the size and function of
the nucleolus are related to the cell proliferation rate of cancer tissue. Evaluation of
nucleolar size after silver staining of AgNOR proteins represents a unique
parameter for the histological rapid assessment of cell proliferation in tumor

lesions.
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Figure 2 A, B. Distribution of cell cycle phases in B16F10 melanoma after treatment with
different protein diets without or with chemotherapeutic treatment analyzed by flow cytometry.

Statistical comparisons were made with treatment (a) or (b).
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Figure 3 A, B. Distribution of apoptosis cell cycle phase in B16F10 melanoma after
treatment with different protein diets without or with chemotherapeutic treatment

analyzed by flow cytometry. Statistical comparisons with (a) or (b).
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Figure 4 A, B. Measurement of silver-stained NORs nucleoli from melanoma tumor cells from

animals that received different protein diets without or with chemotherapeutic drug.Contingency
analysis — Fisher’s test *p<0.05, **p<0.01, ***p<0.001, ns=not significant. A. Compared to WPI (whey protein
isolate) diet group. B. Compared to WPI diet group treated with chemotherapic drug (WPI + ChTP) for each

parameter: total NORs (nucleolar organizer regions), dots and clusters parameters.
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and BCH-P1 + WPI + ChTP (B) analysed by flow cytometry (cell-quest - BD)
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Figure 6 A, B, C, D and E. AgNOR’s pictures of dietary protein groups without
chemotherapic. A. WPI; B. BCH; C. BCH-P1;

P1+WPI.

D. BCH + WPI and E. BCH-
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Figure 7 A, B, C, D and E. AgNOR’s pictures of dietary protein groups with
chemotherapic. A. WPI; B. BCH; C. BCH-P1; D. BCH + WPI and E. BCH-P1 +
WPI.
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4. CONCLUSOES

Ulcerogénese

Os colagenos hidrolisados bovino e suino, e suas fracdes obtidas por
microfiltracdo com diferentes massas moleculares, protegeram a mucosa gastrica
dos ratos contra lesdes ulcerativas causadas pelo etanol absoluto, reduzindo o
indice de lesdo ulcerativa (ILU) em até 75% quando administrado em dose Unica
ou dupla intra-gastrico. A mistura WPI/ BCH na proporgéao 375:375 mg/Kg de peso
corpbéreo apresentou o melhor resultado, o qual reduziu o ILU em 76%. Os
colagenos hidrolisados, bovino e suino, apresentaram forte efeito na producao de
muco, e o efeito do WPI foi também dependente dos compostos sulfidrila. Maior
efeito protetor foi observado quando as duas proteinas foram administradas

conjuntamente.

Tumorigénese

In vitro

Dentre as preparagdes de colageno hidrolisado bovino, aquelas que
apresentaram maior atividade inibitéria (ICsp) no modelo com células B16F10
foram BCH-P1, F1, F2, F3 e F4. Nao foi observada adesdo das células de
melanoma B16F10 nos hidrolisados de colageno bovino e suino.
A fase G2/M do ciclo celular foi inibida pelas amostras BCH-P1 e suas fracées F,
comparadas com o controle (sem amostra no meio). A amostra BCH-P1
apresentou aumento de porcentagem de células na fase GO/G1, retardando a
entrada no ciclo celular sendo que as fragbes F1, F2 e F3 provocaram um
aumento da apoptose. Estas fragbes (F1, F2, F3) apresentaram menor 1Cs, maior
apoptose, possivelmente pelo mecanismo da caspase-3.

In vivo

Dos grupos tratados com quimioterapicos, WPI+ ChTP apresentou o maior
volume tumoral, enquanto que o grupo BCH+WPI+ChTP apresentou o menor

volume. Este grupo também apresentou menor mortalidade e maior tempo e
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porcentagem de sobrevida, com uma reducdo da carga tumoral de 90,6% em
relacdo ao grupo WPI+ChTP. Os grupos tratados com WPI parecem induzir uma
resposta imune com aumento do baco e aqueles tratados com derivados de
coladgeno parecem inibir a angiogénese na regido proxima ao tumor. A
combinacao das duas proteinas (WPI + BCH) promoveu efeito positivo na inibicao
da tumorigénese.

A menor capacidade proliferativa e aumento da porcentagem de células na
fase GO/G1 foram nitidamente observadas para os grupos de animais que
receberam as proteinas, BCH ou BCH-P1 combinada com WPI, ambos com
tratamento quimioterdpico, sendo que os animais que receberam BCH+WPI

+ChTP também apresentaram a maior porcentagem de apoptose.
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ANEXOS

Anexo |: Tabalho publicado: Journal of Medicinal Food 10(1):154-157, 2007.

Anexo II: Equacdes de regressdo para o calculo da citotoxicidade (ICso) das

células de melanoma B16F10, in vitro.

Anexo lll: Apresentacdes em Congresso Internacional (Resumos)

1. Efeito protetor dos derivados de colageno nas lesdes ulcerativas causadas
pela administracdo oral do etanol, Simpdsio Latino Americano de Nutricao
(SLAN), Florianépolis, Nov., 2006.

2. Efeito antiulcerogénico da administragdo em ratos do isolado da proteina de
soro de leite e colagneo hidrolisado, sozinho ou em combinagdo contra
lesbes ulcerativas induzidas pelo etanol, Simpdsio Latino Americano de
Nutricao (SLAN), Floriandpolis, Nov., 2006.

Anexo IV: Apresentagdes em Congresso Internacional (Resumos)

1. Antiulcerogenic effect of administration in rats of a whey protein isolate
(WPI) and collagen hydrolysates alone or in combinations, against ethanol
ulcerative lesions, FENS, Paris, Jul., 2007.

2. Analysis of cell cycle and of proliferative capacity in mice bearing melanoma
and maintained on different dietary proteins, FENS, Paris, Jul., 2007.
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Protective Effect of Collagen Derivates on the Ulcerative Lesions Caused by Oral
Administration of Ethanol
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ABSTRACT The protective effect of beef and pig collagen hydrolysates and their fractions were tested as anti-ulcerogenic
agents in rats (weighing 250-350 g) against ulcerative lesions caused by ethanol. Beef and pig collagen hydrolysates were
fractionated by ultrafiltration into different molecular weight fractions. The protocol employed a negative and a positive con-
trol and a single dose of the experimental samples given by intragastric intubation. The beef collagen did not present a dose—re-
sponse correlation in the ethanol model, whereas pig collagen showed a logarithmic dose-response relationship. Beef colla-
gen hydrolysate decreased the ulcerative lesion index of 55% versus a 61% decrease for pig collagen hydrolysate at the same
dosage (750 mg/kg of body weight). No significant differences were found (P > .05) between the hydrolysates and their frac-

tions.

1,

KEY WORDS: - hydrol;

« mucosa pr

INTRODUCTION

OLLAGEN HAS BEEN USED for tissue regeneration mainly

because of some important properties such as immuno-
genicity, ionic capability to attract blood components that
are essential to tissue regeneration, platelet aggregation in-
duction in blood coagulation, mechanical protection to di-
gestive tissues cells, and slow enzymatic digestibility, al-
lowing it to remain in the digestive tract for enough time to
promote tissue recovery.!

The gastric mucosa is among the most important tissue
in an organism on account of its function, structure, and
pathological processes that can take place in it2 It is ac-
cepted that peptic ulcerogenesis (gastric and duodenal) re-
sults from an imbalance between an infectious agent such
as the bacterium Helicobacter pylori or aggressive chemi-
cal agents versus protective substances like mucus, bicar-
bonate, prostaglandins, and sulfhydryl compounds as well
as the blood flux to the mucosa cells.>”’

Absolute ethanol acts by destroying mucosal cells by di-
rect contact® independently of the gastric acidity. It destroys
initially the stomach’s protective layers and finally reaches
the superficial mucosa, causing cell necrosis and liberation

Manuscript received 16 March 2006. Revision accepted 20 July 2006.

Address reprint requests to: V.C. Sgarbieri, Departamento de Alimentos e Nutrigao, Fac-
uldade de Engenharia de Alimentos, Universidade Estadual de Campinas, Campinas, Sdo
Paulo, Brasil, CP 6121, E-mail: sgarb@fea.unicamp.br
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of vasoactive mediators leading to vasoconstriction, edema,
and hemorrhage.®

In the present research work the possible protective ef-
fect of beef and pig collagen hydrolysates (BCH and PCH,
respectively) against ethanol-induced ulcerative lesions was
investigated.

MATERIALS AND METHODS
Collagen hydrolysates

BCH and PCH were from a commercial production line
(lots 40701 and EH 4517, respectively) and supplied by
Gelita Group (Gelita South America), Cotia, Sdo Paulo,
Brazil. The two lots were fractionated by ultrafiltration us-
ing a polymeric membrane kit supplied by WGM (S&o
Paulo), presenting different molecular mass cutoffs: (a)
Koch membrane number 180 (4439-5 S4-M), molecular size
cutoff 50-80 kDa; (b) Koch membrane number 131
(KM824936 3022N), molecular size cutoff 5-8 kDa; and (c)
Koch membrane number 328 (KM830532-3003V), molec-
ular size cutoff 1-2 kDa.

A solution of 25% (wt/vol) BCH or PCH was prepared
and passed through the first membrane (a). The permeate
from this membrane (P1) was passed through the second
membrane (b), collecting a second permeate (P2), and fi-
nally the permeate P2 was passed through the third mem-
brane (c), generating a permeate (P3). To the permeates were
added 600 ppm hydrogen peroxide to preserve them until
dehydration by spray-drying. The solutions were kept under
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Experimental
Groups

Negative Positive
control control
@ Fasting 24h

Administration
Saline Solution Carbenoxolone Proteins
10 mL/ Kg bw (200 mg/ Kg) (CollagenDerivates)

(single dose)
Stand 30 min

Oral administration of ethanol 1.0 mL/ animal
All groups

Lag time for ethanol action (1h)
Animais sacrificed / stomach removed

Lesions evaluation / UL calculation

FIG. 1.

Step 3

Experimental ulcerogenesis protocol.

refrigeration to be spray-dried in the next day at a feeding
temperature of approximately 130°C and an outlet temper-
ature of 50°C.

Experimental ulcerogenesis protocol

The general protocol adopted in this investigation is il-

3 lustrated in Figure 1. The rats (Rattus norvegicus) used were

adult males of the Wistar strain weighing 250-350 g, ac-
quired from the experimental animal colony of the Univer-
sity of Campinas, Campinas, Sdo Paulo. Prior to the exper-
iments, the animals were maintained for at least 7 days at
the experimental laboratory at 20°C with alternating cycles
of 12 hours light and 12 hours darkness, receiving com-
mercial diet and water ad libitum.

The protocol used physiological saline (10 mL/kg of body
weight) as the negative control, carbenoxolone (200 mg/kg
of body weight), an antiulcerogenic drug, as the positive

control, and absolute ethanol (1 mL per animal) as the ul-
cerogenic agent. The experimental samples (BCH or PCH)
were administered in single doses and in different amounts.
The saline, the carbenoxolone, the ethanol, and the experi-
mental samples were all given to the rats by intragastric in-
tubation.

The protocol was approved by the Ethical Commitee for
Animal Experimentation of the University of Campinas.

Ulcerative lesion analysis

The ulcerative lesion index (ULI) was estimated by the sum-
mation of parameters, as follows®: loss of normal mucosa mor-
phology, 1 point; discoloration, 1 point; mucosa edema, 1
point; hemorrhage, 1 point; petechial points (until nine), 2
points; petechial points (>10), 3 points; ulcers (up to 1 mm),
number of ulcers found X 2 points; ulcers (>1 mm), number
of ulcers found X 3 points; perforated ulcers, number of ul-
cers found X 4 points. Percent reduction of the ULI was cal-
culated by the expression: % reduction of ULI = [(mean ULI
negative control — mean ULI testing sample)/mean ULI neg-
ative control)] X 100. The number of rats used in each test for
the calculation of the ULI varied from six to 30, depending on
variation encountered in the experiments.

The effective dose for 50% decrease of ULI (EDsg) was
calculated by using increasing single doses (100, 200, 315,
750, 1,000, and 1,500 mg/kg of body weight) of the testing
sample and a logarithmic correlation equation.

Statistical analysis

The experimental results were subjected to analysis of
variance (ANOVA), and the criterion for critical statistical
significance was 5% probability (P < .05). Comparison of
means was done by Duncan’s test.

RESULTS

Table 1 shows the reduction in the ULI due to intragas-
tric intubation of increasing single doses of BCH. A reduc-

Tasie 1. ULI OBTAINED FOR CARBENOXOLONE AND BCH AT DIFFERENT CONCENTRATIONS,
UsiNG THE ETHANOL MODEL AND SINGLE-DOSE GASTRIC INTUBATION
Intragastric intubation, dosage Number of ULI % reduction of
(mg/kg of body weight) animals (mean + SDM) ULI
Saline (10 mL/kg of body weight) 31 122.1 = 281 —
Carbenoxolone (200) 30 17.4 = 8.4 85.8
BCH
50 6 1227 * 266 0
100 22 98.7 + 29.9° 19.1
200 15 5107 = 2112 52.7
375 12 59.7 = 17.82 511
750 19 54.4 * 19.8% 55.4
1,000 12 627 13 48.6
1,500 10 55:5] - 11,88 54.5

SDM, standard deviation of the mean; NS, not significant.

ANOVA Fgs5) = 56.71, P < .0001 by Duncan’s test. °P < 001, P < .01.
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TasLe 2. Dosace ErrecT FOR PCH UsING THE ETHANOL MODEL AND SINGLE-DOSE GASTRIC INTUBATION

Intragastric intubation, dosage Number of ULI % reduction of
(mg/kg of body weight) animals (mean = SDM) ULI
Saline (10 mL/kg of body weight) 36 12218525112 =
Carbenoxolone (200) 36 17.6 = 8.4* 85.5
PCH
100 6 107.4 > 192N5 119
200 15 85.7 + 24.9° 29.8
375 20 70.5 * 2450 422
750 15 479 + 1942 60.7
1,000 16 532 + 204° 56.4
1,500 6 304 + 5.3° 751

SDM, standard deviation of the mean; NS, not significant.

ANOVA F(7119) = 68.60, P < .0001 by Duncan’s test. 2P < .01, *P < .0L.

tion of the order of 20% in the ULI was observed for the
dosage of 100 mg/kg of body weight, whereas a reduction
of about 50-55% in the ULI from dosages ranging from 200
to 1,500 mg of BCH/kg of rat body weight was measured,
with no statistical differences among these dosages. There-
fore, BCH reached a maximum of 55% reduction in ULI at
a dosage of 750 mg/kg of body weight with no reduction
correlation in the range of 200—-1,500 mg dosages/kg of body
weight.

The anti-ulcerogenic drug carbenoxolone reduced the ULI
by 86% at the dosage of 200 mg/kg of body weight. All the
results are based on the use of physiological saline as neg-
ative control.

The efficacy of PCH to decrease the ULI is reported in
P Table 2. Contrary to the beef collagen, pig collagen pre-
sented a logarithmic dose-response relationship in the range

Reduction of

[}
LS y = 21.857Ln(x) - 87.561
S R? = 0.9716
80 |
60 1‘ o —
404
20 4[
0 ; ; SRR

0 250 500 750 1000 1250 1500 1750
Pig collagen dose (mg/Kg bw)

FIG. 2. Logarithmic regression curve and equation of dose-effect
of pig collagen on reduction of the ULI for the ethanol model of stom-
ach ulcer induction in rats. In the equation shown, x is mg of tested
sample, and y is percent reduction ULL
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of single doses from 100 to 1,500 mg of PCH/kg of rat body
weight. The reduction in ULI ranged from 12% (at 100 mg)
to 75% (at 1,500 mg/kg of body weight).

The logarithmic equation and the curve showing this re-
lationship are shown in Figure 2. This equation permitted a
calculation of an EDsg of 541 mg of pig collagen/kg of rat
body weight.

Compared with the saline treatment, 200 mg/kg of body
weight carbenoxolone reduced the ULI by 85.5% (P <
.001). At a dosage of 750 mg/kg of body weight pig colla-
gen reduced ULI by 60.7%, while for beef collagen the re-
duction was about 55%.

The comparative effect of a single dose of 200 mg/kg of
body weight of BCH and its hydrolysate fractions (P1, P2,
and P3) in the reduction of the ULI is shown in Table 3.
Relative to the physiological saline the beef hydrolysate did
not differ from the beef P3 fraction (P > .01), but both dif-
fered from the beef P1 and P2 fractions, which differed from
saline at only P < .05. Carbenoxolone (an anti-ulcerative
drug), also relative to saline, differed from all the collagen
samples (P < .001) with a reduction in the ULI of 83.7%.

Table 4 comparatively shows the difference in ULI re-
duction between carbenoxolone and the PCH samples. Car-
benoxolone reduction of 83.7% was statistically different
from the collagen samples, which reduced the ULI in the
range of 47-53% with no statistical differences among them-
selves (P > .01).

DISCUSSION

Ethanol is an ulcerogenic agent that acts on the stomach
mucosa promoting lesions and causing stomach acid secre-
tion, decreased prostaglandin production, increased acetyl-
choline content, and increased intracellular calcium level.
These are all factors that increase gastric secretion in vari-
ous kinds of stress.!® Inflammatory response may take place
as a consequence of the gastric mucosa ulcerogenesis in-
volving cellular proliferation, cellular motility, chemotactic
events, adherence phenomenon, vasodilation, increased

<
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TasLE 3. Dosace ErFect ForR BCH aND Its FracTions P1, P2, anp P3
UsiNG THE ETHANOL MODEL AND SINGLE-DOSE GASTRIC INTUBATION
Intragastric intubation, dosage Number of ULI % reduction of
(mg/kg of body weight) animals (mean = SDM) ULI
Saline (10 mL/kg of body weight) 17 1243 + 40.24 —
Carbenoxolone (200) 18 20.28 = 4.39° 83.7
BCH (200) 23 73.96 + 34.06° 405
BCH-P1 (200) 6 87.33 + 22.29¢ 29.7
BCH-P2 (200) 6 94.00 * 32.80¢ 244
BCH-P3 (200) 6 79,508t 21.81¢ 36.0
SDM, standard deviation of the mean.
ANOVA Fs5,75) = 22.22, P < .0001 by Duncan’s test. 2P < .001, ®P < .05, <P < .01.
TaBLE 4. Dosace ErrecT ror PCH AND Its Fracrions P1, P2, anp P3
UsiNne THE ETHANOL MODEL AND SINGLE-DOSE GASTRIC INTUBATION
Intragastric intubation, dosage Number of ULI % reduction of
(mg/kg of body weight) animals (mean * SDM) ULI
Saline (10 mL/kg of body weight) 17 1243 + 40.24 =
Carbenoxolone (200) 18 20.28 + 4.392 83.7
PCH (750) 21! 57.90 = 23.002 5304
PCH-P1 (750) 6 60.50 = 18.852 51.3
PCH-P2 (750) 12 66.33 = 26.49% 46.6
PCH-P3 (750) 6 62.50 = 14.47° 49.7
SDM, standard deviation of the mean.
ANOVA F(579) = 30.32, P < .0001 by Duncan’s test. 2P < .001.
blood flow, and alterations in metabolic, secretory, and cel- ACKNOWLEDGMENTS

lular receptor functions.!!12

Leukocytes passing through the endothelium reach the tis-
sues and interact with proteins present in the extracellular
matrix such as the collagen. The leukocytes’ migration in-
volves adhesion of cells as integrins, using proteins such as
collagen, laminin, and fibronectin as ligands.''-'? The func-
tion of collagen is to offer mechanical resistance to the tis-
sues that could be measured through immature and mature
collagen present in the mucosa or tissue lesions.

Some investigators!*~1¢ have demonstrated that collagen
and collagen hydrolysate can stimulate proliferation of cells
such as chondrocytes and adipocytes and extracellular ma-
trix proteins. Type I bovine tendon collagen was used to re-
cover duodenal mucosal lesion produced by Phaseolus vul-
garis lectin.!

The results of the present work permit the conclusion that
both PCH and BCH, and their fractions of different molec-
ular weight ranges, protect the rat stomach mucosa against
ulcerative lesions caused by ethanol, reducing the ULI up
to 75% on single-dose intragastric administration.

To the authors’ knowledge this is the first work demon-
strating the anti-ulcerogenic effect of either BCH or PCH.
Some possible mechanisms through which collagen hy-
drolysates can protect the stomach mucosa from ethanol le-
sions are being investigated.
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ANEXOII

Samples ? Equations

BCH Y=-0.0037X + 0.47

BCH-P1 Y=-0.0021X + 0.4193

BCH-P2 Y=-0.0028X + 0.5286

BCH-P3 Y=-0.0054X + 0.5918

R1 Y= -2E-06X? + 0.0162X + 25.706
R2 Y= 5E-07X? + 0.0158X + 14.64
R3 Y= -1E-06X? + 0.0238 + 10.648
R4 Y= 1E-06X? + 0.0078X + 8.2147
R5 Y= 2E-07X? + 0.0219 + 10.494
P5 Y= 4E-06X? — 0.0038X + 19.004
Fi Y= 0.0002X? + 0.0188X + 19.876
F2 Y=-0.0002X? + 0.2812X + 2.7685
F3 Y= 0.0004 X? - 0.0824 + 13.637
F4 Y= 0.0004 X*—0.103X = 18.882
PCH Y=-0,0016X + 0,3743

PCH-P1 Y=-0,0025X + 0,4165

PCH-P2 Y=-0,0014X + 0,4017

PCH-P3 Y=-0,0023X + 0,4289

WPI Y= 2E-06 X - 0.008X + 10.132
#BCH: bovine collagen hydrolysate; BCH-P1: bovine collagen hydrolysate (fraction
P1); BCH-P2, BCH-P3: bovine collagen hydrolysate (fractions P2 and P3). R1-R5:
retentates of BCH-P1 on different ultrafiltration Millipore membranes; P5: permeate
from R5; F1-F4: fractions from RP-HPLC chromatography of BCH-P1; PCH:
porcine hydrolysate; PCH-P1, PCH-P2, PCH-P3 (fractions P1, P2, P3) from PCH;
WPI: whey protein isolate.
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EFEITO PROTETOR DOS DERIVADOS DE COLI’EGENO NAS LESOES ULCERATIVAS G E L I T\
CAUSADAS PELA ADMINISTRAGAO ORAL DO ETANOL. SOUTH AMERICA

o ok Al e o pobeiflisy

Introdugéo

Amostras do colégeno hidrolisado bovino (BCH) e suino (PCH) e seus derivados foram avaliados no modelo de
Glcera géstrica induzida por etanol quanto ao seu efeito anti-ulcerogénico. O BCH e PGH foram fracionados por
ultra-fitragao em diferentes faixas de massas moleculares

Objetivo

Avaliar o efeito anti-ulcerogénico dos colagenos hidrolisados bovina (BCH) : suino (PCH) e suas fragdes de
diferentes massas moleculares no modelo de dloera géstrica induzida por etanol

Metodologia
s coldgenos bovino e suino foram formecidos pela GELITA SOUTH AMERICA, Cotia, SP, Brasil. Dols lotes
foram fracionados por ultra-filtragdo utilizando membrana polimérica, kit fornecido pela WGM, Séo Paulo, Brazil,
com diferentes porosidades, diferentes perfis de massas moleculares:
) KOCH membrane N°. 180 (4439-5 S4-M) porosidade com faixa de massa molecular de 50KD-80KD;
b) KOCH membrane N°.131 (KM824936 3022N) porosidade com faixa de massa molecular de SKD-8KD;
©) KOCH membrane N°. 328 (KM830532-3003V) porosidade com faixa de massa molecular de 1KD-2KD.
Solugao de colageno hidrolisado & 25% (p/v) foi preparada e passada através da primeira membrana (a). O
permeado desta primeira membrana (P1) foi passado pela segunda membrana (b) coletando o segundo
permeado (P2) e finalmente o permeado P2 foi passado através da terceira membrana (c) gerando um terceiro
permeado (P3). Aos permeados foi adicionado 600ppm de per6xido de hidrogénio para preservar as solugtes de
colageno hidrolisado até o momento da secagem em spray drying. As solugdes foram mantidas sob refrigeragéo
para serem secas no dia seguinte. As condigdes de secagem foi utilizando uma temperatura de entrada de

°C e uma 50°C,

* /O protacolo expepimental e 4 lenko ghelca ncuzkiaon s sequo ebalio:

Aumentaciosn
S
o Ravinisragio.

@)\ Mr.’:,. por et do sl O
- e

+ Experimento Agudo: Foram usados ratos do sexo masculino Wistar adultos, com 250 — 3509 peso corpéreo.
Os animais foram divididos em grupos de 5 - 6 animas, eles foram submetidos a um jejum de 24 horas, com
acesso livre a égua & entdo cada grupo recebeu uma intubagao (gavagem) oro-gastrica com o tratamento

correspondent

« indice de Ieszo Icerative (ILU): O indice de calculado a soma total dos.
parametros abaixo, de acordo com metodologia re»a«eas ).
Até 10 petéquias (pontos) 1 ponto
Até 20 petéquias 2 pontos
Aé 30 petéquias 3 pontos
Ulceras até 1 mm nx2
Ulceras maiores que 1 mm nx3
Pontos de hemorragia 1 ponto
Perda de pregas 1 ponto
Perda de cor 1 ponto

= nimero de Iesbes enconlvsdss

de inibigéo do ILU apresentada pelos grupos tratados em relagao
a6 gfing canbole getiva, & s6guNS equAGHo so usads:

% i e i aamostra__ X 100

‘média do controle negativo

+ Estimativa da dose efetiva para a redugao de 50% do indice de leses ulcerativas (DE50) - Para se
estimar a dose efetiva (DES0) que causa a redugao de 50% do efeito ulcerogénico, uma curva dose-efeito foi
determinada usando o experimento agudo e o modelo ulcerativo do etanol como ja foi descrito. Os animais

valor DESO foi obtido através de equagdes de regressdo estabelecidas com base no fipo de curva
experimental obtida (modelo ajustado),

Resultados
“indice de leséo ulcerativa do colageno hidrolisado bovino utilizando o modelo de etanol por
intubag&o oro-gastrica em dose simples:

Intubago intragastrica|  dosagem | nimero
(mg/Kg pe)|_de animais |

Ly | % Redugéo
é de ILL

Salina (a) - 31 122.1428.1

Carbenoxolona 200 30 17.418.4 7+ 858
BCH 50 6 122.7426.6™ o
BCH 100 22 | 98.7420.9" 19.1
BCH 200 15 Bl gE21 1 527
BCH 375 12 597+ 17.8"* 511
BCH 750 19 54.4+19.8"* 55.4
BCH | 1000 12 | 62.74 1.3 486
BCH | 1500 10 | 555 ¢ 118 545

Anova F (8,155) = 56.71; p<0.00001 , Teste de Duncan test, ns= ndo significante, *p<0.05;
*p<0.01, ***p<0.001, referente a salina.
() Dosagem da Salina 10 mL/ Kg pe.

‘Sgarbier, VC., Departamento de Nutricao e Alimentos na

sindice de lesdo ulcerativa do colageno hidrolisado suino utilizando o modelo de etanol por
intubagéo oro-gastrica em dose simples

Intubagdo intragéstrica | dosagem | nimero | ILU % Redugio
B (mg/Kg pe) | de animais ‘ (média + dp) de ILU
Saline (a) [~ 36 1221 £28.12
Carbenoxolone 200 36 17.6 £ 8.4 855
PCH 100 5 107.4 £19.20 1.9
PCH 200 15 ] 85.7 249" 208
PCH 375 20 | 705 24,5t 422
PCH | 750 15 479 £19.4 60.7
PCH 1000 16 ’ 532£204 564
PCH | 1500 6 30453 751

Anova F(7,148) = 68 60; P<0.00001 Teste de Duncan, ns=non significant; ™ p< 0.01;** p<0,001.(a) Dosagem da salina 10
mUKg pe

*Efeito da dosagem do colégeno hidrolisado bovino (BCH) e suas fragses P1, P2, P3 utilizando o
modelo de etanol em dose simples Tor intubagéo oro-géstrica na rdu;lo de ILU em ratos

nimero ‘ Y]

Intubago astrica | dosagem % Redugao
| (mo/Kgpo) deanimais | (médiazdp) | dellU
Saline (a) - |17 124.3+40.24
Carbenoxolone 200 I 18 20.28+4.39" 837
BCH 200 |23 73.96434.06 ** 40.5
BCH-P1 200 | & 87.33422.29 % 297
BCH-P2 200 16 94.00£32.80 * 244
BCH-P3 200 Ls | 795021.81)* 36,0
Anova F (5,7 **p<0.01, ***p<0.001 referente a salina. (a) Dosagem da

2222, P<0.00001, Teste de Duncan, ‘p<0.0
Salina de 10 mL/ K pe. .

“Efeito da dosagem do coldgeno hidrolisado suino (PCH) e suas fragdes P1, P2, P3 utilizando o
modelo de etanol em dose simples por intubagao oro-gastrica na redugao de ILU em ratos

Intubagio intragastrica | dosagem | numero | Il % Redugao
e (mg/Kg pc) de anrmals Amema + dp)

Saline (a) - 344024

Carbenoxolone 200 15 zo,zam.ss 837

PCH 750 21 57.90423.00***| 534

PCH-P1 750 6 60.50£18.85 | 513

PCH-P2 750 {502 66.33426.49** | 466

PCH-P3 750 B 62.50414.47 | 49.7

Anova F (5,79) = 30.32; P<0.00001. Teste de Duncan, *p<0.05; ** p<0.01; ***p<0.001, referente a saiina. (a) Dosagem da
Salina de 10 mLJ Kg pe.

Redugao do ILU (%)
y =21,857Ln{x) - 87 561
RE=0,97

0 250 S5m0 7% 1000 7250 1500 1750

Dosagem do coligeno hidrolisado suino (mg/Kg pe)

Figura 1. Curva de regressao logaritmica e equagéo dose-efeito do colageno hidrolisado suino (PCH) na
redugao do ILU pelo modelo do etanol de indugao de dicera gastrica no estomago em ratos. A equagdo, x
= mg de amostra testada, y = % de redugéo do ILU.

Conclusédo
-0 Caigeno niolsado bowino (80H) stingy um indic do leséo uoerav (1LU) méxino do S5% de redugdo na dose de 200
ma/Kg pe, Uentre a faixa de 200 a 1500 mg /Kg por peso corporeo.

“Contrariamente a0 BCH, o colageno hidrolisado suino (PCH) apresentou uma dose resposta com correlagao logaritmica na faixa
e concentracdo de 100 2 1.500 mg de PCH por Kg de peso corpéreo do rato. A redugdo em ILU variou de 12% (100mg) a 75%
(1,500 mg/ Kg bw).

+A dose efetiva 50% do PCH foi calculado pela correlagéo logartmica em DESO igual a 541 mg /Kg pe.

+0 BCH e PCH na mesma dosagem de 750 mg/Kg pc apresentaram 60,7% e 55% de redugdo no ILU comparados com a
carbenoxolona (controle positivo) que atingiu 85.5% (p<0.001).

iBseado no conkole negativ (solugto sane iléhce.  BCH ko dfry da fagho bovia P2 (5>0.01). mas ambos derram
das fragbes bovinas P1 e P2, as quais diferem também da salina (p< 0.05),

O PCH e suas fragbes que apresentaram uma koo .o 47 o b o dr i sk onte ool (20073 A
carbenoxolona reduziu 83.7% no ILU em relacdo a rolisado.

+Os resultados do presente estudo permitem concluir que os coldgenos hidrolisados bovino e suino, e suas fragdes de diferentes
massas moleculares, apresentam acdo protetora 4 mucosa gastrica conira lesdes ulcerativas causadas pelo etanol, reduzindo o
indice de lesao ulcerativa (ILU) até 75% em dose simples por administracdo oro-gastrica,
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13 - £l e
q EFEITO ANTIULCEROGENICO DA ADMINISTRAQAO EM RATOS DO I X
§ ISOLADO DA PROTEINA DE SORO DE LEITE E COLAGENO HIDROLISADO, I:
a¥

Introdugéo «indice de lesao iva da i do suino e IPSLB em dose
simples

Amostras isoladas e combinadas do isolado protéico de soro de leite bovino (IPSLB), colageno 3
bovino (BCH) e suino (PCH) foram avaliados no modelo de Ulcera gastrica induzida por etanol. O Intubagéo intragastrica | dosagem | numero | ILU % Redugéo
mecanismo de redugdo de indice de leséo ulcerativa gastrica foi avaliado quanto a produ;éo de | (mg/Kg pc) ‘ de ammals ‘ (média + dp) de ILU
muco e prostaglandina na mucosa, gastrina e e Salina (a) | 105.7+25.5 v
sulfigrila por N-etlalaiitids. Carbenoxolona | 200 16 20.0£5.8 *** 81.0

ioti PCH/IPSLB 187/ 187 6 72.8+37.0% 311
Objetivo PCH/ IPSLB 375/375 6 463166 | 562
Avaliar o efeito anti do IPSLB e dos bovino e suino em combinag&o no PCH/ IPSLB 150/ 600 6 44.8% 17.8"* | 57.6
modelo de Ulcera géstrica induzida por etanol € seu mecanismo. PCH/ IPSLB 300/ 450 11 50.2+ 21.6"* | 440

. PCH/ IPSLB 450/ 300 6 55.0£ 15.0 | 479

Metodologia PCH/ IPSLB 600/150 6 |e52:282% | 383
O IPSLB foi obtido por e micro e iitragdo. Os | |

bovino e suino foram fornecidos pela GELITA SOUTH AMER\CA Cotia, SP, Brasil. O protocolo Anova F (7,69) = 21.78; p***<0.0001. Tukey’s test, *p<0.05;***p<0.001, referente a salina. () Dosagem da salina

experimental segue abaixo: 10 mL/ Kg pe.

«indice de lesao ulcerativa de vérios tratamentos (dose-dupla) do IPSLB e os
colagenos bovino e suino na redugao de ILU em ratos

& ica | nimero ILU % Redugéo
(mg/Kg pc). de animais | (média + dp) de ILU
Salina (a) - o [ 113.9:23.0 ‘
Carbenoxolona 200 8 | 22.4:47 80.4
BCH ‘ 200 6 64.5+20.5*** | 434
BCH | 1500 5 25.8+10.8*** 77.4
PCH | 750 8 701+ 17.3* 384
IPSLB | 750 6 292 16,1 743
ey = BCH/ IPSLB 375/ 375 6 27.2513.6F5 76.1

- Experimento Agudo: Foram usados ratos do sexo masculino Wistar adultos, com 250 — 350g PCH/IPSLB 300/ 450 6 65.7+ 19.4** 424
peso corpéreo. Os animais foram divididos em grupos de 5 - 6 animais, eles foram submetidos a |
um jejum de 24 horas, com acesso livre & 4gua e entdo cada grupo recebeu uma intubagio Anova F (7,42) = 28.00; p***<0.0001. Tukey’s test, *p<0.05; ***p<0.001 referente a salina. (a) Dosagem da Salina

éstrica 6om 6 e de 10 mL/Kg pe.

+ Experimento Doses Repetidas: Os controles negativo, positivo e os grupos teste foram Avaliagzo da Gastrina
tratados com a solugéo salina fisiolégica, ou agente antiulcerogénico ou com as proteinas teste 25.
apos jejum de 24 horas, de acordo com o experimento agudo. Apos tratamento com a primeira s 200 CJsdina
dosagem, os animais foram alimentados por 8 horas com ragées comerciais, seguidos de jejum %2 175 (33 carbenoxdona 200mg/Kg pe
com &gua a vontade por 16 horas. Apos este procedimento receberam a segunda dosagem, QE“ [o=el] 750mg/Kg pe
seguindo-se 0 mesmo procedimento usado no experimento agudo. %'—;_‘E' :zg i“f 353 “i: 31: 3:: ':Zf"" hsdugo gB 750sz¥<: :c

« indice de leso ulcerativa (ILU): determinado pela equagso abaixo £ & 2400 CSBCH 200mg/Kg pc

% de reduchio s LS média do oon(r:ﬂl:l r;e::tol‘::' OI:::; a:::lupo tratado com a amostra x 100 g-:::" o M BCHIPSL  375/375mg/Kg pe

- Estimativa da dose efetiva para a redugo de 50% do indice de lesdes ulcerativas (DE50) — of e ESCBge0s00r 0/ pe
Para se estimar a dose efetiva (DE50) que causa a reducdo de 50% do efeito ulcerogénico, uma 2.
curva d feito foi i usando o agudo e o modelo ulcerativo do etanol
como ja foi descrito. Os animais foram tratados com doses crescentes das proteinas (derivados tratamento ("9' Kg IW)
de hidrolisado de colageno de pele bovina ou stina ou IPSLB) como proteina (nica ou em Anova F (7,35) = 5.56; Dunnet test, *p<0.05; ** p<0.01; ***p<0.001, referente a salina.
mistura e entdo mensurado o efeito anti-ulcerativo. O valor DES50 foi obtido através de equagdes
de regresso estabelecidas com base no tipo de curva experimental obtida (modelo ajustado). Avaliagdo do muco no tecido

Estudo dos possiveis mecanismos ou rotas de protecdo %"as'“;‘“s’ 13
as lesdes ulcerativas o bt hor | i

- Participagio de substancias sulfidrilas - a possivel participagdo dos compostos SH na 23 1 T 5533 carbenoxolona 200mg/Kg pe
protegdo da lesao ulcerativa do estomago causada pelo etanol foi determinada através de coF e oo psLB 750mg/Kg pe
experimentos repetitivos. Seis grupos de cinco ratos (250-350g pc) ficardo em jejum por 24 E 5 82 mmPCH 750mg/Kg pc
horas. Imediatamente depois do periodo de jejum, cinco dos seis grupos receberam por 522 ESIBCH  200mgiKg po
aplicagéo subcutanea o NEM (10 mg/Kg pc). Trinta minutos apés a aplicagéo, o grupo que néo 353 . I PCH IPSLB 375/375mg/Kg pc
recebeu o NEM, foi tratado com 10 mL salina/Kg pc (controle negativo). Os cinco grupos §E UBCHIPSLB  150/600mg/Kg pe
restantes que receberam o NEM receberam também o tratamento seguinte. Apés o primeiro =5
tratamento, foi permitido aos ratos & ragéo comercial por 8 horas, seguido de um novo periodo o =
de jejum de 16 horas, quando uma segunda série de tratamentos foi dada, de acordo com a . tratamentos (mg/ Kg pc)
primeira. Trinta minutos depois do segundo tratamento, todos os ratos foram incubados +Efeito protetor da mucosa gastrica de varios tratamentos do IPSLB e os colagenos
oralmente com 1,0 (r!L de etanol absoluto por animal. Uma hora apos a admlnlstra;éo do etanol, bovino e suino contra ILU causada pelo etanol em ratos
os ratos foram por o cervical, os foram , lavados J
com salina e o corte aberto ao longo da curvatura maior para a determinagéo do mdlce de Intubaca LU % Diminuiggo ILU
lesGes ulcerativa. ‘ (mg/Kg pc) } (média + dp) @) (b)

+ Participagdo da prostaglandina (PGE2) - A inibigdo da sintese de PGE2 pela agéo da Salina (a) 3 [ 120.5+30.3 (a)
indometacina (30 mg/Kg pc) foi executada a fim de avaliar a importancia do PGE2 e a sua Salina + NEM(b) ‘ 144.3£36.1 ®
participagdo na da mucosa do estd . O etanol foi usado como o agente | 200 64‘2:23’4“ 46.7
ulcerogénico. Os agentes antiulcerogénico testados s&o os mesmos dos experimentos | e "
precedentes com administragéo em doses repetidas (doses duplas). A concentragdo de PGE2 BCH + NEM 200 ‘ 135.3£24.9ns 123
na mucosa gastrica foi determinada utilizando o Kit RPN n°.222 da Amersham Bio Sciences. BCH ‘ 1.500 | 63.2¢7.2** 47.5

* Determinagéo de gastrina e somatostatina — Determinagdo uma hora apés a administragéo BCH + NEM 1.500 | 122.7£389ns | 14.9
oro-gastrica do etanol, o sangue foi coletado da aorta abdominal ou do plexo ocular e foi PCH ‘ 750 69.0+14.7* ‘ 427
armazenado em solugdo de EDTA (%). O sangue foi centrifugado 3000g por 15 minutos e o PCH + NEMI 750 100.8+21.6* 30.1
plasma obtido de cada amostra foi armazenado & -20°C até a determinagéo da gastrina e IPSLB ‘ 750 45.2+9.9%* ‘ 625
somatostatina. A determinagdo da gastrina no plasma dos animais utilizou um kit CIS Bio
Internacional de radioimuno ensaio. O limite residual da radioatividade nos tubos foi medido :Egtg/}gﬁ"" | ggg/ s 1:2'3?;'235 S 128
usando um cintilador com contador gamma, a cada mmulo Para o contetdo de somatostanna e 4
no plasma foi usado o kit Eneaio & radi IPSLB/ PCH + NEM 600/ 150 73.5¢17.5 49.0
residual ligada foi medida nos tubos utilizando um clnmador para contagem de raios gamma, 2-4 IPSLB/ BCH ‘ 375/375 68.3+28.3*" 433
minutos IPSLB/ BCH + NEM 375/ 375 87.8+22.0** 39.1

Determinagdo do muco no estémago do rato - Este método é baseado na determinago de

mucopolissacarideos soliveis usando o Alcian Blue (corante especifico para as mucinas acidas). Anova F (13,79) = 10.83; Tukey's test, *p<0.05; ** p<0.01; ***p<0.001, (a) referente a salina.

O material a ser removido é um segmento glandular do estémago obtido dos ratos com as (b) salina + NEM
lesGes gastricas induzidas pelo etanol. A leitura foi conduzida a 598nm apos a elaborago de
uma curva padrao com Alcian Blue. Conclusdo
Resultad *IPSLB e os colagenos BCH e PCH reduzem ILU de 40 a 77% dependendo da dosagem administrada
esu 08 oro-gastrica. A mistura BCH/ IPSLB na concentrag&o de 375/ 375 mg/Kg pc reduziu 76% ILU.
«indice de lesdo iva da i do bovino e IPSLB em dose A pmdu;ao de gastrina reduziu cerca de 40% e houve um aumento de muco de 50 a 267%.
simples: *Os idroli: , bovino e suino forte efeito na produgéo de muco, por outro
Intubagdo intragéstrica | dosagem | nimero Ly % Reducdo ado o efeito do IPSLB é mais dependente dos compostos sulfidrilas, resultando importantes para a
_(mg/Kg pc)| de animais (med|a dp) | de ILU mucosa gastrica a mistura destas duas proteinas.
Salina (a) - 21 [ 10572255 3 Referénclas
Carbenoxolona 200 16 20.0+5.8 *** 81.0 Gamberine MT, Skorupa LA, Souccar C, Lapa AJ. Inhibition of gastric secretion by a water extract from Baccharis
BCH/IPSLB 187/ 187 6 60.8£14.7*** 425 triptera Mart. Memérias do Insmum Osvaldo Cruz, 1991; 86:137-6.
BCH/ IPSLB 375/ 375 6 3771407 64.4 * Kontereck SJ Scand J 1993; 174 (Supp):15-28.
BCH/ IPSLB 200/ 175 6 ‘ 82.4+ 17.5% ‘ 220 + Oates PJ, Hakkinen JP. smmes on the mechanism of ethanol-induced gastric damage in rats. Gastroenterol. 1988;
o 94:10-21.
gCH/ [FSE 200/850 ‘ 9 (0= 17'?" 454 + Rosaneli CF, Bighetti AE, Antonio MA, Carvalho JE, Sgabieri VC Pro(ec(lve effect of bovine whey protein
CH/ IPSLB 200/800 6 39.0£7.5 63.1 concentrate on the ulcerafive lesions caused by J Med Food. 2004;
BCH/IPSLB 200/ 1300 | 6 47.0£ 10.3*** | 55.5 7:309-14.
: * Matsumoto H, Shimokawa Y, Ushida Y, Toida T, Hayasalva H. New biological function of bovine alpha-lactalbumin:
Anova F (7,64) = 37.41; p***<0.0001. Tukey's test, *p<0.05; ***p<0.001, referente a protective affect against ethanol and stress-induced gastric mucosal injury in rats. Biosc Biotechnol Biochem. 2001;
salina. (a) Dosagem da Salina 10 mL/ Kg pc. 65:1104-11

Ushida Y, Shimokawa Y, Matsumoto H, Toida T, Hayasalva H. Effects of bovine a-lactalbumin on gastric defense
mechanisms in native rats. Biosc Biotechnol Biochem. 2003; 67:577-83.
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ANEXO IV

ANTIULCEROGENIC EFFECT OF ADMINISTRATION IN RATS OF A WHEY i
PROTEIN ISOLATE (WPI) AND COLLAGEN HYDROLYSATES, ALONE OR IN E
a¥

COMBINATIONS, AGAINST ETHANOL ULCERATIVE LESIONS. e
2 SOUTH AMZRICA

Castro, GA, Master Science in Food Technology and Doutor in Food in Nutrtion of Food Engineering Faculty- Unicamp,

UNICAMB Z8rogs0@ias.unicamp.; Carvaho, JE, Researcher GBQBA = Unicamp, carvalho@cpaba unicamp.br. Sgarbien, V., Prfessor of Food an
Rirton of Food Engineerng Facuty - Unicarmp, saarb@lea.unicamp br
i “Ulcerative lesion index of various treatments (double dose) of WPl and bovine and
Introduction ( )

porcine collagens in ULI reduction of rats
Isolated and combined samples of whey protein isolate (WPI), bovine (BCH) and porcine (PCH) collagens

were evaluated in gastric ulcer model induced by ethanol. The mechanism. of ulcerative lesion index Intragastric intubation | dose | number | utl ‘ % ULl
reduction was evaluated in relation to mucus production, prostaglandin in mucosa, gastrin and (ma/Kg bw) | of animals | (mean + sd) Reduction
somatostatine in plasma and alquilation of sulfidryls compounds by N-ethyimailemide. Saline (a) - 113.9£23.0
iecti Carbenoxolone 200 8 224147 80.4
Objective BCH 200 6 64.5£20.5" 434
Evaluate the antiulcerative effect of WPI and of bovine and porcine collagens in combination in gastric ulcer BCH 1500 5 25.8+10.8*** 774
model induced by ethanol and its mechanism. PCH 750 8 70.1£17.3** 38.4
WP 750 6 29.216.1** 743
Methodology BCH/ WPI 3751375 6 2724136 76.1
WPI was obtained using micro and The bovine and porcine PCH/ WPI 300/ 450 6 65.7+19.4™ 424
collagons wore supplied by GELITA SOUTH AMERICA, Cofia, SP, Brazil. The experimental protocol
follows below: Anova F (7,42) = 28.00; p***<0.0001. Tukey’s test, *p<0.05; ***p<0.001 referes to saline. (a) Saline dosage 10 mL/ Kg
bw.

Gastrin Evaluation

225 T
B Csaline
EZ) carbenox 200mg/Kgbw

B WPI 750mg/Kg bw
93 %3 @4 28 355 vrecr  WEMPCH 750mgiKg bw
TR Ty E=JBCH 200mg/Kg bw
[ BCH/WPI375/375mg/Kg

Plasma Gastrin
Concentration (pg/mL)
8
2

@t 50 [ PCHWPI150/600mg/Kg
25
« Acute Experiment: Adult male Wistar rats were used, with 250 — 350g body weight. The animals were 0
divided in groups of 5 - 6 animals, they were submitted to fasting of 24 hours, water ad ibitum and then treatment (mg/ Kg bw)

each group received by oro-gasric intubation the correspondent treatment.

Double Dose Experiment: The negalive, positive and test groups were treated with physiologic saline
solution, or agent or with test p 24 hours fasting, as acute experiment. After
treatment with first dosage, the animals were fed for 8 hours using commercial ration, following with
fasting with water ad libitum for 16 hours. After this procedure, the animals received the second dosage

Mucus of gastric mucosa
evaluation

300 s 2074 ncrase.
a0y gy 3 Saline

 following the same procedure used for acute experiment 5553 carbenox200mg/Kg bw
*  Ulcerative lesion index (ULI): determined by follow equation — 200- =3 WP 750mg/Kg bw
¢ UL recuction - ——negaiecontol mean greup saed ith sample mean X100 ) . PCH 750mg/kg bw
) \egative control mean ﬁ [E=IBCH 200mg/Kg bw

The effective dose for 50% reduction of the ULI (EDS0) was calculated by using increasing single
doses (200, 250, 750, 1000, 1500) mg sample per Kg rat body weight. The dose response relationship
were fitted into a logarithmic equation which permitted the calculation of the EDSO for- collagen
hydrolysate and WPI

[T PCHWPI150/600mg/Kg
CHWPI375/375mg/Kg

Mucus (ug alcian blue/
grams mucus of mucosa

o . 0
Possible Mechanisms or protective routes for ulcerative lesions treatments (mg/Kg bw)
*Gastric mucosa protector effect of various treatments of WPl and bovine and porcine

+ Importance of sulfhydryl substances in the gastric mucosa protection - Rats weighing 250- valic gensagaletULI caused by Marol in Fats.

3509 were subitted o treatments by gastric intubation, according to the protocol of Figure 1. In

this series of tests two controls were used: a) physiological saline at 10mL/ Kg bw or b) saline (10 Intragastricintubation | dose uLl % ULI Reduction
mL/ Kg bw) plus 10 mg/Kg bw of N-ethylmaleimide (NEM). In both controls saline (a) was given by (mg/Kg bw) (mean + sd) @ (b
gastric intubation whereas NEW (b) was administrated by subcutaneous injection. Saine @ 120.5430.3 @

Half of the remaining groups (experimental) received only the testing samples whereas the other

t
|
i ) : ; Saline + NEM(b) 144.3:36.1 (b)
half received the tesfing samples plus NEM. The remaining of the procedures were identical with
the protocol illustrated in qufre above. BCH 200 64.2423 4" 46.7
+ Gastrin determination - According to proposed protocol Figure 1 (omitting step 2), one hour after BCH +NEM 200 135.3124.9ns 123
ethanol administration, blood was collected from ocular plexus, treated with EDTA and centrifuged 1.500 63.247.2* 475
(3,000g, 15 min, 4°C) and the plasma was stored at 20°C unti gastrin determination. Gastrin was BcH +NEM 1.500 1227438.9ns 149
determined in the rat blood plasma (21) using the radioimmune assay kit supplied by CIS Bio 750 6904147 427
International. Residual radioactivity bound o the tubes was measured in & gamma scintilation PCH + NEMI 750 {oolRTone 301
counter for 1 minute. WPI 750 45.249.9" 62.5
+  Determination of mucus linked to the gastric mucosa - One hour after administration of ethanol
the mucus glandular region of the stomach mucosa was removed and immersed into 10mL of 0.1% WPI + NEM 750 125.74249 ns 12.9
alcian blue solution for 2 h, then washed (2x) with 10 mL 0.25M sucrose solution for 15 min and 45 WPI/ PCH 600/ 150 56.2419.2 53.4
min, respectively. The dye complexed with the gastric mucus was extracted (2 h) with 10 mL 0.5M WP/ PCH + NEM 600/ 150 73,6617 5™ 49.0
MgCI2 solution. The extracted material was emuisified with 10mL ethyl ether and then centrifuged WP/ BCH 375/375 68.3128.3" 433
(1,300g, 15 min, 4°C). The ether phase was discarded and the absorption of the aqueous phase WPI/ BCH + NEM 375/ 375 87.8£22.0* 39.1
was read in a spectrophotometer at 598 nm. Linked alcian blue was quantified (g dyel g original
tissue) based in a dye standard curve #nova F (13,79) = 10.83; Tukey's test, *p<0.05; ** p<0.01; **'p<0.001, (a) refers to saline
Results (b) saline + NEM
+ Ulcerative lesion index of combination bovine collagen (BCH) and WPI at single
L] Conclusion
Intragastric intubation | dose number | ULI % ULt “WPI and the collagens BCH and PCH reduce ULI from 40 to 77% depends on the oro-gastric
- (mg/Kg bw)_{of animals | (mean + sd) Reduction The mixture BCH/ WP at 375/ 375 mg/Kg bw concentration reduced 76% ULL.
Saline (a) - 21 105.7425.5
Carbenoxolone 200 16 20,058 810 +The gastrin production reduced around 40% and mucus increased from 50 to 267%.
BCHENp it £ ODBLle Y gas *The bovine and porcine collagens presented strong effect in mucus production, on the other
BCH/ WPI | SASER o S 64.4 hand, WPI is more dependent of sulfidryls compounds, resulting important the usage of the
BCH/ WPI 200/ 175 6 8241 17.5 220 il of 1heke two proteins.
BCH/ WPI 2000550 | 6 57.7£17.9" 45.4
BCH/ WPI 200/ 800 6 39.0£ 7.5 63.1
BCH/ WP 200/ 1300 6 47.0£ 103" 555 References

Anova F (7,64) = 37.41; p***<0.0001. Tukey's test, “p<0.05; ***p<0.001, refers to saline.
bw.

(a) Saline dosage 10 mL/ Kg * Gamberine MT, Skorupa LA, Souccar C, Lapa AJ. Inhibition of gastric secretion by a water extract from

Baccharis triptera Mart. Memrias o Insfituto Osvaldo Cruz. 1991; 86:137-9.

+ Ulcerative lesion index of combiniation of poricine collagen and WPI single dose
Intragastric intubation T dose number TUL\ uLl P fones) o peandil 1893174 (Supl):1 525

- (mg/Kg bw) | of animals | (mean + sd) Reduction - Oates PJ, Hakkinen JP. Studies on the mechanism of ethanolinduced gastric damage in rats
Saline (a) i 21 105.7425.5 Gastroenterol. 1988; 94:10-21
Carbenoxolone 200 16 20,0458 ** 81.0
PCH/ WPI 187/ 187 6 72.8437.0™ 311 + Rosanell CF, Bighetti AE, Anténio MA, Carvalho JE, Sgabieri VIC. Protective effect of bovine whey presin
PCH/ WP 375/ 375 6 46.3+16.6" 56.2 concentrate on the ulcerative lesions caused by of Med
PCH/ WPI 150/ 600 6 4484 17.8™ 57.6 E0od2D04, 750951 4
PCH/ WPI 300/ 450

Matsumoto H, Shimokawa Y, Ushida Y, Toida T, Hayasalva H. New biological function of bovine alpha-

59.2+ 21.6** ‘ 44.0

PCH/ WPI | 450/ 300 6 38054505 47.9 lactalbumin: protective affect against ethanol and stress-induced gastric mucosal injury in rats. Biosc
PCH/ WPI 600/ 150 6 65.2£282 383 Biotechnol Biochem. 2001; 65:1104-11

Anova F (7,69) =21.78; P“‘(O 0001. Tukey's test, *p<0.05; ***p<0.001, referes to saline. + Ushida Y, Shimokawa Y, Matsumoto H, Toida T, Hayasalva H. Effects of bovine -lactalbumin on gastric
(@) Saline dosage 10 mL/ Kg defense mechanisms in native rats. Biosc Biotechnol Biochem. 2003; 67:577-83.
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4 MICE BEARING MELANOMA AND MAINTAINED ON DIFFERENT DIETARY E

» PROTEINS =
a¥ SOUTH AMZRICA

Castro, G.A, Master Science in Food Technology and Doutor in Food in Nutrition of Food Engineering Faculty- Unicamp,
UNICAMR Zerogeo@fea unicamp.br. Maria, DA, Researcher Butantan Institute, durvanei@usp.br, Sgarbieri, VC., Professor of Food and Nutrition of Food
Engineering Faculty - Unicamp, sgarb@(ea.unicamp.br

Introduction

The proliferate states can be unified in a single cell cycle model that recognizes differences in the behavior
of rapidly dividing and slowly dividing cells in the same population. It has been suggested that the number
of NORs may reflect nuclear and cellular activity. In this study is to evaluate the influence of dietary protein
in the growth of melanoma B16F10 through analyses of tumor cell population in cell cycle phases and
number of nucleolar organizer regions (NORs)

Objective
Evaluate the influence of dietary protein in the growth of melanoma B16F10 through analyses of tumor cell
population in cell cycle phases and number of nucleolar organizer regions (NORs).

The animals were treated with WAL Beoi+QHTP GeslP +CNTP baore  Baste ev
ditary protins (AIN-G3 diets 12% o o
Methodology
4 weeks before tumor cll L
T A Figure 3 A, B. of silver-stained .nucleoli from mel tumor cells removed from animals that
composed of & JEL received different protein diets without or with chemotherapeutic drug.
7 animals
which were “The dietary proteins groups vere
housed in VUP! (whey protin olte), BCH s
(bovine colisgen hydraysale), BCH- S
temperature P1 (bovine colagen hydrolysate Apoposis G0G1
and humiity fraton <60KDa mean M 2 5KD2) )
enviroment and mitures ofone of these two
wih 12 hours bovine proteins wih WPI
g, 12 hours
dark ycles

The animals were implarted with
‘melanoma injoctod subcutaneously at

week during

weeks
administrated continuously. For
o same protein group

did not receive ChTP.

‘Body weight changes was followed
p by weighing the mice once a

“The tumors were measured 3 times.
per week.

After 30 days of tumor implantation,
the animals were submitted tc
euthanasia through cervical
dislocation to conduct necropsy,
metastasis, caquexia, samples to
cel cycle and AGNORs analysis and
histopathological examinations of
Kidney, liver, lungs, stomach and
spleen.

Determination of cell cycle phases. Flow cytometry was applied to study cell cycle, which permitted to
determine the kinetic parameters of cell population and provide the percentage of cells that were in phases
GO/G1, S, G2/M and apoptosis. Samples of tumor cells from animals treated with collagen and whey proteins
and also non-treated sample were collected and frozen immediately in sodium citrate (2mM), sucrose 25 mM
and 0.05% dimethylsulfoxide (DMSO), and stored in liquid nitrogen until the moment of use.

After defrosting in ice bath the cells were incubated with 375 uL of trypsin (Sigma) 0.03 g/L for 10 minutes at
room temperature and neutralized using trypsin inhibitor (Sigma) 0.5 g/L, ribonuclease A (Sigma) 0.1 g/L and
espermine (Sigma) 1.2 g/L. The samples were transferred to tubes of a flow cytometer and the cell counting
at different cell cycle stage, apoptosis level (Sub-G1) and DNA content at S phase were obtained using
Software Mod-fit. (Becton-Dickson).

AgNORs technique. The procedure to conduct AGQNORs technique requires the imprint of tumor fissue
which was removed from animals treated with the collagen and whey proteins immediately after they were
submitted to euthanasia. The imprint was emerged in acetone (p.a.) for 5 minutes followed by washing with
saline solution, then dried at room temperature. The imprinted material was stored at 4°C prior to staining

For staining it was necessary to emerge the imprinted material in a solution of colloidal silver prepared with
one part of gelatin 2% dissolved in 1% formic acid mixed with two parts of silver nitrate solution (1:1). In the
sequence the material was dried in a moisturized oven at 37°C for about 17-20 minutes. This time could be
varied according to the tissue preparation procedure. Therefore, it is important to closely follow up the
material during incubation at 37°C. After incubation, the material was washed with deionized water and
sodium thiossulphate 1% for 1 minute at 37°C to complete the reaction. A second washing with water should
be applied following the drying of the material at room temperature. During the procedure it is necessary to
avoid exposure to light

Resulits

« Cell cycle phases

Sea | = 2

L v, o e
Lot Figure 5 A, B, C, D. AGNOR's pictures of dietary protein groups without and with chemotherapic.
A. BCH + WPI; B. BCH-P1 + WPL; C. BCH + WPI + ChTP and D. BCH-P1 + WPI.+ ChTP
Conclusion
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“onte WPI in a group with chemotherapic treatment.

| Lesser proliferative capacity and maintaining at GO/G1 cell phase were better
observed for dietary protein groups that were used two proteins BCH or BCH-P1 with
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