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RESUMO

Nos seres humanos o triptofano é metabolizado por varias vias, produzindo
compostos biologicamente importantes chamados quinureninas, serotonina, acidos
indolicos, compostos acidos nicotinicos (niacina) e &cido quinolinico. Em condic¢Ges
normais, pouquissimo triptofano aparece convertido em &cido nicotinico. Sabe-se que o
acumulo de triptofano e seus metabdlitos esta relacionado ao dano cerebral encontrado
tanto na hipertriptofanemia quanto em doengas neurodegenerativas. Nesse trabalho, nds
investigamos o0 efeito da administracdo de triptofano sobre vérios pardmetros
comportamentais no teste de campo aberto e de estresse oxidativo e o efeito de creatina
e piruvato, sobre os efeitos do triptofano. Quarenta ratos Wistar, machos, de 60 dias,
foram aleatoriamente divididos em 4 grupos: salina; triptofano; piruvato + creatina;
triptofano + piruvato + creatina. Os animais receberam 3 injegOes subcuténeas de
triptofano (2 pmol/g peso corporal cada um em intervalos de 3 horas) e/ou piruvato
(200 pg/g peso corporal 1 hora antes do triptofano) e/ou creatina (400 pg/g peso
corporal 2 vezes por dia durante 5 dias antes do treino); os controles receberam solugéo
salina (NaCl 0.85g9%) nos mesmos volumes (30 pL/g peso corporal) das outras
substancias. Uma vez que, a reducdo progressiva da atividade exploratéria no campo
aberto pode ser interpretada como um indicador de que 0s animais reconheceram e
lembraram do ambiente nossos resultados mostram que o triptofano aumentou a
atividade dos animais, sugerindo a reducdo da habilidade de habituacdo ao ambiente e
um déficit de aprendizagem/memoria causada por este aminoacido. O triptofano
também induziu aumento de TBA-RS e a reducdo de sulfidrilas totais no hipocampo,
indicando inducdo de estresse oxidativo. Os efeitos do triptofano no campo aberto e no
estresse oxidativo, foram totalmente prevenidos pelo pré-tratamento com creatina mais

piruvato, dois potentes antioxidantes, reforcando a hipotese de estresse oxidativo.



Nossos achados, estdo de acordo ao que pode ser observado em pacientes
afetados pela hipertriptofanemia e doencas neurodegenerativas, ou em outras doencas
em que ocorra 0 acumulo de triptofano. E possivel que o estresse oxidativo possa estar
enolvido nos mecanismos que levar a lesdo cerebral, sugerindo que a suplementacéo de
creatina e piruvato poderia beneficiar os pacientes afetados por esses transtornos.

Estudos adicionais serdo necessarios para compreensao de como o triptofano €
causador de dano, se é pelo seu acumulo ou pelo acumulo de seus metabdlitos. Além
disso, também serd necessaria uma maior investigacao para avaliar se a suplementagédo
com creatina e piruvato é possivel de ser recomendada a pacientes com

hipertriptofanemia ou doencas degenerativas.



ABSTRACT

In human, tryptophan is metabolised by multiple pathways, producing several
compounds, namely kynurenines, serotonin, indolic acids, nicotinic acid (niacin)
compounds and quinolinic acid. Under normal conditions, very little tryptophan appears
converted to nicotinic acid. It is known that the accumulation of tryptophan and its
metabolites is related to brain damage associated with both hypertryptophanemia and
neurodegenerative diseases. In this work, we investigated the effect of tryptophan
administration on various parameters of behavior in the open field task and oxidative
stress, and the effects of creatine and pyruvate, on the effect of tryptophan. Forty, sixty-
day-old male Wistar rats, were randomly divided into 4 groups: saline; tryptophan;
pyruvate + creatine; pyruvate + creatine. Animals received 3 subcutaneous injections
of tryptophan (2 pmol/g body weight each one at 3 h of intervals) and/ or pyruvate (200
pg/g body weight 1 h before tryptophan) and/or 400 pg/g body weight twice a day for 5
days before tryptophan twice a day for 5 days before training; controls received saline
solution (NaCl 0.85 g%) at the same volumes (30 puL/g body weight) than the other
substances. Since the progressive reduction of exploratory activity in open field ca be
interpreted as an indicator that animals recognize and remember the environment ours
results showed that tryptophan increased the activity of the animals, suggesting a
reduction in the ability of habituation to the environment and a deficit in
learning/memory caused by this amino acid. Tryptophan induced increase of TBA-RS
and total sulfhydryls in the hippocampus, indicating induction of oxidative stress. The
effects of tryptophan in the open field, and in oxidative stress were fully prevented by
the combination of creatine plus pyruvate, two powerful antioxidants, reinforcing the
idea of oxidative stress. In case these findings also occur in humans affected by

hypertryptophanemia or other neurodegenerative disease in which tryptophan
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accumulates, it is feasible that oxidative stress may be involved in the mechanisms
leading to the brain injury, suggesting that creatine and pyruvate supplementation could
benefit patients affected by these disorders.

Additional studies are needed to understand how tryptophan is causing damage
if it is by is accumulation or accumulation of metabolites. In addition, further research is
needed to assess whether supplementation with creatine and pyruvate can be

recommended to patients with degenerative diseases or hipertriptophanemia.
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LISTA DE ABREVIATURAS

Trp:triptofano

EIM: erros inatos do metabolismo

3-HK: 3-hidroxiquinurenina

CK: creatina cinase

HD: doenca de huntington

AD: doenca de alzheimer

PD: doenca de parkinson

ROS: espécies reativas de oxigénio

Cr: creatina

CrP: creatina fosfato

RL: radicais livres

Pir: piruvato

NMDA: receptor n-metil-d-aspartato
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1.INTRODUCAO

1.1.Erros Inatos do Metabolismo de Aminoéacidos

Os erros inatos do metabolismo de aminoacidos (EIM) sdo doencas hereditarias
causadas por uma deficiéncia parcial ou total de uma proteina, geralmente uma enzima.
A deficiéncia ou auséncia na atividade dessa enzima pode causar bloqueio de uma rota
metabdlica, causando acumulo téxico de substancias e/ou falta de produtos essenciais
gerando muitas vezes prejuizo no desenvolvimento mental e/ou fisico dos individuos
afetados (Scriver et al, 2001).

O EIM foi sugerido em 1909 por Archibald Garrod, a partir de estudos com
pacientes que apresentavam alcaptondria, albinismo, cistiniria e pentostria. Ele
verificou que as doencas apresentavam uma distribuicdo familiar e ocorriam, com maior
freqiéncia, nos filhos de casamentos consanguineos.

Desde o estudo inicial de Garrod em 1909, sobre os 4 erros inatos, 0
conhecimento destas doencas metabdlicas tem crescido geometricamente. Foram
descritos até 0 momento mais de 500 EIM (Scriver et al, 2001), a maioria envolvendo
processos de sintese, degradacdo, transporte e armazenamento de moléculas no
organismo, causando um grande nimero de defeitos, com quadros clinicos diversos, que
podem ser desde assintomaticos até tdo graves que cause morte neonatal (Benson e
Fenson, 1985). Os EIM manifestam-se geralmente na infancia, apresentando sinais e

sintomas semelhantes aos encontrados em muitas doencas infantis (Holtzman, 1978).

1.2. Metabolismo do Triptofano
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O triptofano (Trp), € um aminoacido essencial, aromatico oxidado para produzir
alanina, formato e acetil-CoA, sendo considerado portanto, glicogénico e cetogénico.
Uma dieta humana normal fornece de 600 a 900 mg de Trp diariamente. Além de ser
parcialmente incorporado em proteinas (30% do Trp da dieta). Nos seres humanos o Trp
¢ metabolizado por varias vias, produzindo compostos biologicamente importantes
chamados quinureninas, serotonina, acidos indolicos, compostos &cidos nicotinicos
(niacina) e é&cido quinolinico. Sob condi¢cbes normais, pouquissimo Trp aparece
convertido em acido nicotinico (Allegri et al., 2003; Musajo e Benassi, 1964; Price et

al., 1965; Peters, 1991). As rotas metabdlicas deste aminoacido estdo resumidas na

figura 1.
Melatonina Acido 5-hidéxi-indolacético
Serotonina
A
Via da Indican

Serotonina /

Sintese Protéica ~<«——— Triptofano —— Acido 3-indolacético

Via das
Quinureninas

v

Quinurenina
CO, + NH3 + H,0O + Acido Nicotinico — NAD"

energia

Figura 1. Rotas metabdlicas do triptofano.

A via das quinureninas é a maior rota catabdlica do Trp, levando a biossintese de
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3-hidroxiquinurenina (3HK) e metabolitos intermediarios (Okuda, 1996; Stone, 2001).
A 3HK parece ser limpador (“scavenger”) de radicais peroxil, o que leva a crer que ela
atue como antioxidante nas doencas inflamatorias (Christen et al., 1990). Entretanto, a
3-HK tem demonstrado possuir propriedades neurotoxicas, devidas parcialmente a
producdo de perdxido de hidrogénio e radicais hidroxil durante sua auto-oxidagédo
(Okuda et al., 1996) e, juntamente como o &cido quinolinico, parece estar envolvida na
fisiopatologia de muitas doencas cerebrais. Além disso, a 3-HK tem a capacidade de
aumentar sinergicamente os efeitos neurotoxicos do acido quinolinico (Chiarugi et al.,
2001b).

Um conteddo aumentado de 3HK é achado no cérebro de pacientes em
condicdes patoldgicas, como deméncias associadas a infeccdo pelo virus da
imunodeficiéncia humana (HIV) (Sardar e Reynolds, 1995) e encefalopatia hepatica
(Pearson e Reynolds, 1991), sugerindo que a 3HK pode ser neurotdxica. Esse composto,
mas ndo 0s outros da via das quinureninas, inibe a atividade da creatina quinase (CK)
no cortex cerebral de ratos Wistar (Cornelio, 2006).

A localizacdo celular da via da quinurenina é apenas parcialmente conhecida.
Esta via é encontrada em células de linhagem monocitica, incluindo macréfagos e
microglia (Espey et al., 1997; Heyes et al., 1992a,b; Smith et al., 2001) e parcialmente
em astrécitos (Guillemin et al., 2001a). Entretanto, o cérebro e o figado sdo capazes de
sintetizar NAD" (o produto final da via) a partir de Trp, o que significa que estes dois
orgdos contém todas as enzimas da via da quinurenina (Dale et al., 2000).

A serotonina (5-hidroxitriptamina),  neurotransmissor monoamino, € um
importante derivado do Trp, embora pouco Trp seja catabolizado nesta direcdo. A
serotonina é usualmente avaliada na urina ou fluido cérebro-espinhal, por meio de seu

produto de oxidag&o, o acido 5-hidroxindolacético (5-HIAA) (Gahl et al., 2001).
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Figura 2. Via da quinurenina.

Além disso, ja foi demonstrado que o acido quinurénico, o &cido antranilico, a

3-HK e o &cido 3-hidroxiantranilico podem influenciar os par@metros respiratorios da

mitocondria em coracdo de ratos, que sdo importantes para manutencdo da funcéo

celular (Baran et al., 2003; Baran et al., 2001).

1.2.1.Alterac6es no Metabolismo do Triptofano

1.2.1.1.Hipertriptofanemia
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A hipertriptofanemia é uma desordem metabdlica rara, provavelmente causada
por um bloqueio na conversdo de Trp a quinurenina, acumulando Trp e alguns de seus
metabolitos no plasma e tecidos dos pacientes. Os pacientes apresentam retardo mental
leve a moderado, com respostas afetivas exageradas, mudancas periodicas de humor,
comportamento hipersexual, ataxia, erosdes cutaneas hipersensiveis e retardo mental no
crescimento (Martin et al., 1995).

Defeitos congénitos no metabolismo do Trp sdo raros (Snedden, et al., 1983),
embora menos de 12 pacientes com aparente defeito no catabolismo do Trp tenham sido
relatados (Levy et al, 2001). Tada e colaboradores em 1963 descreveram uma jovem
que apresentava retardo psicomotor, fotossensibilidade anormal e manifestacdes
cutaneas do tipo pelagra. A excrecdo urindria de Trp estava muito elevada. A
administracdo oral de Trp aumentou significativamente os niveis sangliineos e urinarios
deste aminoacido, mas a excrecdo urindria de quinurenina estava reduzida. Este
resultado sugeriu que esta doenca fosse devida a um bloqueio em uma das duas etapas
da conversdo de Trp a quinurenina.

Snedden et al (1983) primeiramente descreveram 2 pacientes irmaos que tinham
niveis de Trp aumentado e quinurenina reduzida no plasma e na urina. O irmdo de 23
anos de idade apresentava dores generalizadas nas articulagdes, instabilidade emocional,
visdo defeituosa, gagueira e hipersexualidade. A avaliacdo neuropsicoldgica realizada
demonstrou mudancas rapidas no estado de humor, QI de 75 na avaliacdo verbal e QI de
86 na avaliagdo em testes de memodria, sugerindo problemas de armazenamento e
processamento de informag6es. O comportamento da irma com 22 anos de idade, assim
como o do irmdo, foi caracterizado por mudancas abruptas no estado de humor,
variando completamente de estado alegre e afetivo a hostil e depressivo, e

comportamento hipersexual. Exame psiquiatrico indicou moderado retardo mental. O
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Trp encontrava-se bastante elevado na urina e no plasma (10 vezes acima do normal). A
ocorréncia nos irmaos e a presenca anormal de metabdlitos do Trp na urina da mae deles
e do meio irmdo, sugerem uma condicdo de um gene autossémico recessivo com menor
expressao em alguns heterozigotos.

Os niveis elevados do Trp no plasma e a presenca de diferentes manifestaces
clinicas dos dois irmdos afetados, distingue-os da Doenca de Hartnup e de outros
distarbios do metabolismo do Trp congénitos ou adquiridos relatados (Tada, 1963;
Wong, 1976; Levy, 1979; Knapp, 1960; Price, 1967; Kromrover, 1964; Drummond,
1964; Silver, 1992). Wong et al. (1976) descreveram uma crianca com retardo de
desenvolvimento e de crescimento, ataxia, fotossensibilidade com aumento moderado
do Trp plasmatico, que se acentuava apds a ingestdo de Trp. Posteriormente, Martin e
colaboradores (1995) também descreveram dois irmdos com aumento do Trp plasmatico
e excrecdo aumentada de acidos inddlicos, que apresentavam retardo mental moderado e
respostas afetivas exageradas, mudancas de humor periddicas e comportamento
hipersexual. Novamente, foi sugerido um bloqueio na conversdo de Trp a quinurenina,

mas nao foram realizados ensaios enzimaticos.

1.3.Doenga de Huntington

A doenca de Huntington (HD) é uma doenca neuroldgica autossémica
dominante caracterizada por movimentos involuntarios acompanhados de diminuicéo da
capacidade cognitiva e confusdo emocional. As alteracBes patologicas mais
impressionantes séo a atrofia, perda neuronal e astrogliose no neoestriado (Ferrante et
al., 1985). Apesar de multiplas popula¢bes de neurdnios serem afetadas na HD, os

neurdnios com projecBes espinhais contendo acido y-aminobutirico e substancia P e
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encefalina sdo mais vulneraveis. A HD é uma doenca neuroldgica fatal sem tratamento
efetivo disponivel, afeta 5 pessoas em cada 100000 e os sintomas normalmente
aparecem na faixa dos 40 anos (Qin e Gu, 2004).

Muitos trabalhos tém demonstrado o envolvimento da via da quinurenina na
patogénese da HD. Ha indicios de que a concentracdo de acido quinurénico esteja
reduzida no cortex cerebral de pacientes com HD, o que poderia levar a uma diminuicao
na ligacdo deste metabdlito no sitio de ligacdo da glicina no receptor N-metil-D-
aspartato (NMDA), consequentemente aumentando a atividade do receptor (Beal et al.,
1992). Outros estudos demonstraram que os niveis de 3-HK estdo aumentados no
cérebro de pacientes com HD (Reynolds e Pearson, 1989; Pearson e Reynolds, 1992),
principalmente na primeira fase da doenca (Guidetti et al., 2000).

Os niveis de glutationa estdo significativamente diminuidos em muitas regides
do cértex cerebral na HD, o que pode indicar um metabolismo energético anormal nesta
doenca, ja que defeitos no metabolismo energético podem levar a geracao de radicais

livres (Beal et al., 1992).

1.4. Doenca de Alzheimer

A doenga de Alzheimer (AD) é a causa mais comum de deméncia em pessoas
idosas, atingindo 5-10% da populacdo acima dos 65 anos, e mais de 45% da populacéo
acima dos 85 anos de idade. Os sintomas iniciais tipicos sdo prejuizos da memdria
recente e falta de atencéo, seguidos de falhas de linguagem, orientacdo espacial-visual e
pensamento abstrato. Inevitavelmente, alteracGes de personalidade acompanham esses
sintomas (Purves et al., 2001).

H& indmeras evidéncias de que a via da quinurenina esteja envolvida na
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fisiopatologia da AD (Guillemin e Brew, 2002). A primeira € que 0s niveis de Trp séo
inversamente proporcionais ao grau do déficit cognitivo, e altas concentracdes séricas
de quinurenina foram encontradas em pacientes com grande diminuicéo da capacidade
cognitiva, enquanto que os niveis de acido quinurénico no fluido cérebro-espinhal
estavam diminuidos (Widner et al., 1999, 2000a; Baran et al., 1999; Heyes et al, 1992a).
O aumento do catabolismo do Trp na AD pode levar a deficiéncia deste
aminoacido e pode ter um papel importante na patogénese da doenca (Maurizi, 1990;
Widner et al., 1999, 2000a). Os niveis cerebrais do fator de crescimento neuronal (NGF)
e do fator neurotréfico derivado do cérebro (BDNF) sdo diretamente dependentes da
quantidade de Trp da dieta (Lee et al., 1999). Além disso, os distirbios do sono e do
humor observados na AD podem estar relacionados com um aumento do catabolismo do
Trp pela via da quinurenina, limitando a disponibilidade de Trp para a sintese de

serotonina (Maurizi, 1990; Widner et al., 2000b; Porter et al., 2000).

1.5. Doenca de Parkinson

A doenca de Parkinson (PD) é uma das doencas neurodegenerativas mais
frequentes. Foi descrita pela primeira vez em 1817 por James Parkinson e €
caracterizada por tremor em repouso, lentiddo dos movimentos (bradicinesia), rigidez
das extremidades e do pescoco e expressdes faciais minimas. Em alguns pacientes é
acompanhada por deméncia. O inicio da doenca se da entre 50 e 70 anos e progride
lentamente para a morte ap6s 10 a 20 anos. Estudos pds-morte revelaram que 0s niveis
de glutationa reduzida (GSH) estdo diminuidos na substancia nigra de pacientes com

PD, o que evidencia a ocorréncia de estresse oxidativo (Sian et al., 1999).

Os niveis de 3-HK estdo aumentados no putamen e na substancia nigra dos
cérebros dos pacientes com PD. A relacdo quinurenina/3-HK também esta diminuida, o
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que implicaria numa menor quantidade de quinurenina disponivel para a sintese de

acido quinurénico além da sintese aumentada da neurotoxina 3-HK (Ogawa et al, 1992).

1.6.Estresse Oxidativo

O estresse oxidativo é definido como um dano tecidual resultante de um
desequilibrio entre uma producdo excessiva de compostos oxidantes e mecanismos de
defesas antioxidantes ineficientes.

A producdo de compostos oxidantes é fisiologicamente relevante como uma
etapa importante nos processos de inflamacdo e reparo tecidual. Além disso, eles
representam uma parte dos mecanismos de defesa contra a invasao de microrganismos e
células malignas, bem como de restabelecimento e remodelagem tecidual. Por outro
lado, uma ativacdo impropria ou inadequada dos processos oxidativos pode estar
presente cronicamente em situacGes patoldgicas, contribuindo para a injaria celular e
tecidual.

O estresse oxidativo dentro da mitocondria, tem sido associado com a idade,
onde nucleotideos oxidados tém demonstrado se acumular no cérebro e masculo com a
idade (Mecocci et. al, 1999). Em adicdo a isso, inimeros estudos tém relacionado a
idade com redugdes em genes de mRNA, associados a estrutura mitocondrial e funcbes
do musculo esquelético e acimulo de mutagcdes no DNA mitocondrial (Tarnopolsky et.
al, 2008).

Consequentemente, disfun¢Ges mitocondriais tém sido relacionadas com um
espiral descendente, pelo qual, a elevada producdo de ROS causa mais dano
mitocondrial, dinfungBes mitocondriais e aumenta o estresse oxidativo.

Do ponto de vista quimico, um radical livre (RL) é definido como qualquer
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atomo, grupo de atomos ou molécula capaz de existir sob a forma independente, que
contenha um ou mais elétrons desemparelhados (Del Maestro, 1980; Southorn, P. A. &
Powis, G., 1988; Halliwell & Gutteridge, 1999). Essas substancias sdo classificadas de
forma mais abrangente como Espécies Reativas de Oxigénio (ROS = Reactive Oxygen

Species) e Espécies Reativas do Nitrogénio (RNS = Reactive Nitrogen Species).

1.6.1. Fontes Oxidativas

De maneira geral, o oxigénio molecular (O2) é necessario para a sobrevivéncia
de todos os organismos aerdébicos. Assim, a obtencdo de energia por estes organismos é
feita através da fosforilacdo oxidativa. Porém, nem sempre o oxigénio se transforma
completamente em agua. Como consequéncia de sua configuracdo eletronica, a
molécula de oxigénio tem forte tendéncia, durante as reacGes, em receber um elétron de
cada vez, formando uma série de intermediarios toxicos e reativos (Meneghini, 1987).

Os oxidantes mitocondriais podem exercer efeitos danosos e contribuem para o
envelhecimento celular e doencas neurodegenerativas.
Aproximadamente 2-5% do fluxo de oxigénio através da mitocondria ndo €
completamente reduzido a agua, gerando ROS (Boveris et. al, 1973), como anios
superoxido e radicais hidroxil. Sob condi¢des normais, defesas antioxidantes, sdo
capazes de prevenir dano oxidativo a moléculas bioldgicas incluindo lipideos,

aminoacidos e nucleotideos (Cooper et. al, 2002).

1.7.Substancias Antioxidantes

1.7.1.Creatina
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A creatina (Cr) € um 4cido organico, que € sintetizado endogenamente,
predominantemente no figado, a partir da glicina, arginina e metionina. A ingestédo oral
de Cr monoidratada, tém demonstrado um aumento de suas concentra¢des no plasma
(Harris et. al, 1992) e melhora também sua concentragdo total (Greenhaff et. al, 1994),
que € na sua maioria estocada como creatina fosfato (CrP), no madsculo esquelético.

A Cr é transportada pelo sangue, para tecidos que requerem Cr, e captada pelas
células com alta demanda de energia, por um transportador especifico, SLC6A8. Esse
transportador é expresso em todas as principais regides do cérebro de mamiferos adultos
(Guimbal and Kilimann, 1993; Schloss et al, 1994; Happe and Murrin, 1995; Saltarelli
etal., 1996)

Além de suas propriedades ergogénicas, a Cr apresenta propriedades
antioxidantes (direta e indiretamente) e tem mostrado reduzir a producdo de RL e
estresse oxidativo em modelos animais de varias doencas. Como o acumulo de Ca2+
intracelular parece estar fortemente relacionado com a formacdo de ROS e dano
oxidativo (Lin et. al, 2006) a suplementacdo de Cr tem o potencial de melhorar a
homeostase de Ca2+, reduzir a producdo de ROS e diminuir o dano oxidativo. Em uma
série controlada de estudos in vitro, Lawler et. al, demonstraram que a Cr foi eficiente
em remover uma série de radicais, incluindo anion superéxido. Mais recentemente, Cr
exogena demonstrou remover ROS (incluindo radical hidroxil) assim como, espécies de
nitrogénio em cultura de células humanas (Sestili et. al, 2006).

Estudos recentes mostram que a administragdo de Cr tem um potencial
terapéutico para doengas neurodegenerativas com deficits de bioenergética, como as
doencgas de HD e PD (Gualano et al, 2010).

Existem inimeras evidéncias que sugerem que a suplementacéo de Cr pode ser benéfica

na prevencdo e/ou tratamento de algumas doengas neuromuscular e cardiovasculares,
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onde o estresse oxidativo esta consistentemente associado, como HD (Ferrante et. al,
2000), PD (Matthews et. al, 1999), Esclerose lateral amiotréfica (Klivenyi et. al, 1999 e

Zhang et. al, 2003) e outras desordens metabolicas (Royes et. al, 2006).

1.7.2.Piruvato

O piruvato (Pir) desempenha um papel importante no metabolismo
intermediario, como um produto intermediario da glicolise e o substrato inicial do ciclo
do &cido tricarboxilico (TCA). Além disso, A remoc¢do de H20:2 pelo Pir gerado
enddgenamente, provavelmente é a defesa celular chave contra o estresse oxidativo,
particularmente na proliferacdo celular (Brand, 1997 e Brand et al., 1997). Em funcdo
de sua habilidade de remover ROS, o Pir tem sido extensivamente estudado como um
agente citoprotetor. Andrae et al. (1985), demostraram que o Pir e alguns outros alfa-
cetoacidos de cadeia longa, sdo capazes de proteger culturas de células contra os efeitos
letais do H202.

O Pir protege contra o estresse oxidativo e insulto mitocondrial pela sua
habilidade de servir de substrato energético neuronal efetivo para glicélise e atuar como
excepcional e poderoso antioxidante (Mazzio et al., 2003).

O Pir contraria a diminuicdo no contetdo de ATP neuronal induzida por NMDA,
indicando que ele pode proteger neurdnios, normalizando a carga de energia celular.
Além disso, ele previne o acimulo de glutamato que é neurotdxico apds a pré exposi¢do

de neurdnios a NMDA (Maus et al., 1999).

1.8. Campo Aberto e any-maze

23



O Campo aberto é o teste comportamental mais amplamente usado na psicologia
animal (Walsh e Cummins, 1976). Tem sido bastante utilizado para medir a ansiedade,
assim como atividade locomotora e exploratoria.

Nesse teste o animal € colocado numa arena plana e iluminada (Genaro et al.,
2000) e observado por um curto periodo de exposicdo (Eilam, 2002). O Comportamento
no campo aberto em roedores, € comumente considerado um indice fundamental de seu
comportamento geral. Atualmente a analise de inUmeros parametros é possivel, devido a
um programa de computador acoplado a um sistema de cameras que vém sendo
largamente usado na busca de que as tarefas comportamentais sejam melhor exploradas
pelos pesquisadores. O Any-maze € um sistema de monitoramento de video

desenvolvido para automatizar testes em experimentos comportamentais.
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2. OBJETIVOS

Considerando os efeitos toxicos apresentados pelo triptofano e seus metabdlitos,
relacionados com diversas patologias, tais como a hipertriptofanemia e doencas
neurodegenerativas, tais como, HD e PD, e os conhecidos efeitos antioxidantes da Cr e

Pir, 0s objetivos desse estudo sdo:

1. Investigar o efeito in vivo do Trp e/ou seus metabolitos, sobre parametros

comportamentais em animais submetidos a tarefa de campo aberto

2. Investigar o efeito in vivo do Trp e/ou seus metabdlitos sobre parametros de

estresse oxidativos, no hipocampo.

3. Investigar o possivel efeito antioxidantes da Cr e Pir sobre os efeitos do Trp nos

parametros comportamentais.

4. Investigar o possivel efeito antioxidante da Cr e Pir sobre os efeitos do Trp nos

parametros de estresse oxidativo.
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Abstract

It is known that the accumulation of tryptophan and its metabolites is related to brain
damage associated with both hypertryptophanemia and  neurodegenerative diseases. In this
work, we investigated the effect of tryptophan administration on various parameters of behavior
in the open field task and oxidative stress, and the effects of creatine and pyruvate, on the effect
of tryptophan. Forty, sixty-day-old male Wistar rats, were randomly divided into 4 groups:
saline; tryptophan; pyruvate + creatine; pyruvate + creatine. Animals received 3 subcutaneous
injections of tryptophan (2 pmol/g body weight each one at 3 h of intervals) and/ or pyruvate
(200 pg/g body weight 1 h before tryptophan) and/or 400 pg/g body weight twice a day for 5
days before tryptophan twice a day for 5 days before training; controls received saline solution
(NaCl 0.85 g%) at the same volumes (30 uL/g body weight) than the other substances. Results
showed that tryptophan increased the activity of the animals, suggesting a reduction in the
ability of habituation to the environment. Tryptophan induced increase of TBA-RS and total
sulfhydryls. The effects of tryptophan in the open field, and in oxidative stress were fully
prevented by the combination of creatine plus pyruvate. In case these findings also occur in
humans affected by hypertryptophanemia or other neurodegenerative disease in which
tryptophan accumulates, it is feasible that oxidative stress may be involved in the mechanisms
leading to the brain injury, suggesting that creatine and pyruvate supplementation could benefit

patients affected by these disorders.

Keywords: tryptophan; creatine; pyruvate; open field; oxidative stress

Introduction

Tryptophan (Trp), an essential amino acid, is converted to several compounds, namely
kynurenines (formylkynurenine, kynurenine, and 3-hydroxykynurenine), serotonin, indolic
acids  (indolepyruvic  acid, indoleacetic acid, 5-hydroxyindoleacetic acid, and
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indoleacetylglutamine), and nicotinic acid (niacin) compounds (nicotinamide adenine
dinucleotide (NAD) and nicotinamide). Under normal conditions, very little Trp appears to be
converted to nicotinic acid (1).

The kynurenine pathway is the major route of L-tryptophan catabolism leading to
production of 3-hydroxykynurenine (3-HK) as a metabolic intermediate (2 - 4). Increased
content of 3-HK was found in the brain of patients with pathological conditions, such as
dementia associated with human immunodeficiency virus (HIV) infection (5) and hepatic
encephalopathy (6) suggesting that 3-HK might be neurotoxic. This compound, but not the
others metabolites of the kynurenine pathway inhibits the creatine kinase (CK) activity of the
brain cortex from Wistar rats (7).

There are several evidences that the kynurenine pathway is involved in the
pathophysiology of Alzheimer's disease (AD)(8). Patients with major cognitive impairment
present high serum kynurenine and low levels of kynurenic acid in cerebrospinal fluid (9 - 12).
Increased level of 3-HK were found in the putamen, frontal and temporal cortex of post-mortem
Huntington’s disease (HD) patients, but not in the brains of AD patients (13, 14).

The increased catabolism of Trp in AD disease can lead to deficiency of this amino acid
and may have an important role in the pathogenesis of the disease (15, 9, 10). Sleep disorders
and mood observed in the disease may be related to increased catabolism of Trp by the
kynurenine pathway, limiting the availability of Trp for the synthesis of serotonin (15 - 17).

Congenital defects of Trp metabolism are comparatively rare (18), although at least 12
patients with apparent defects in Trp catabolism have been reported (1). Previous studies, have
described the case of an 9-year-old girl characterized by dwarfism, mental impairment,
photosensitive rash, and ataxia. This patient had mildly elevated Trp concentrations in both
urine and plasma (19). Trp loading increased excretion of the amino acid, while the concomitant
excretion of kynurenic compounds was reduced.

Snedden et al. (1983) have described two sibs who had markedly increased Trp and
reduced kynurenine concentrations in plasma and urine. The behavior of the sister, like that of
the brother, was characterized by moderate mental retardation, abrupt changes of mood from
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cheerfulness and affection, to marked hostility and depression. Trp was elevated in both plasma
(10-fold the normal levels) and urine. A block in the conversion of Trp to kynurenine was
postulated, but enzyme studies to confirm the block were not performed. Mild and moderate
mental retardation with exaggerated affective responses, periodic mood swings, and apparent
hypersexual behavior were reported in two siblings with hypertryptophanemia and
tryptophanuria (20). The massive excretion of indoleacetic, indolelactic and indolepyruvic acids
indicated that abnormally large amounts of Trp were being metabolized by the transamination
pathway. The occurrence in siblings and the presence of abnormal urinary Trp metabolites in the
mother and a half-sibling suggested that the condition results from an autosomal recessive gene
with minor expression in heterozygotes. They suggested a block in the initial conversion of Trp
to kynurenine, but enzyme studies were not done.

Because energy is necessary to maintain the development and regulation of cerebral
functions, it has been postulated that alteration in CK activity may represent an important step
of a neurodegenerative pathway that leads to neuronal loss in the brain (21). Recent findings
have reinforced this hypothesis, showing that CK activity is severely reduced in some
neurodegenerative diseases (22, 23). Recent studies have shown that creatine (Cr)
administration has a therapeutic potential for neurodegenerative disorders with bioenergetic
deficits like HD or Parkinson’s disease (PD) (24).

Cr is transported by blood to Cr-requiring tissues and taken up in cells with high energy
demand by a Cr specific transporter, SLC6A8. This transporter is expressed throughout the main
regions of adult mammalian brain, particularly in those associated with learning, memory and
general limbic functions (25 - 28).

The creatine/phosphocreatine/creatine kinase (Cr/PCr/CK) system plays essential roles
to maintain the high energy levels necessary for central nervous system (CNS) (29). Different
studies showed that CK isoforms are found highly concentrated in cerebellum (especially
glomeruli structures of granular layer), choroid plexus and hippocampal granular and pyramidal
cells (30). It must be noted that hippocampus is important for learning and memory function and
can be severely affected in AD. Troubles in CNS energy metabolism due to mitochondrial
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dysfunction, either from oxidative stress, mitochondrial DNA deletions, pathological mutations
or altered mitochondria morphology, play critical roles in the progression of neurological
diseases as a primary or secondary mechanism in neuronal death cascade (31, 32).

Pyruvate (Pyr) plays a key role in intermediary metabolism as an intermediary product
of glycolysis and the starting substrate for the tricarboxylic acid (TCA) cycle. Besides,
scavenging of H,O, by endogenously generated Pyr is probably a key cellular defense against
oxidative stress, particularly in proliferating cells (33, 34). In view of its ability to scavenge
reactive oxygen species (ROS), Pyr has been studied extensively as a cytoprotective agent.
Andrae et al. (1985) demonstrated that Pyr and some other related longer chain alpha-ketoacids
are capable of protecting cultured cells against the lethal effects of H,O,. Hydrogen peroxide, a
byproduct of oxidative stress, has been implicated to trigger apoptosis in various cell types (36 -
38) leading to major neurodegenerative diseases, such as AD, PD and amyotrophic lateral
sclerosis (ALS). Pyr protects from oxidative stress and mitochondrial insult because of its
ability to serve as an effective neuronal energy substrate from glycolysis and to act as an
exceptionally powerful antioxidant (39).

Previous studies showed that Trp, at 0.5 mM concentrations, in the range of the levels
found in the plasma of hypertryptophanemic patients, inhibited in vitro the activities of the
thiol-containing enzymes pyruvate kinase (PK) (40) and CK (41), and promoted oxidative stress
in brain cortex of rats (42).

Therefore, considering that Trp and oxidative stress is involved in the brain dysfunction
of various common neurodegenerative disorders (43 - 45), and that Trp inhibits CK and PK
activities, in the present work we investigated the influence of Trp and/or Cr + Pyr

administration on some parameters of rat behavior in the open field task and of oxidative stress.

Materials and methods
Animals

A total of 40 sixty-day-old male Wistar rats (180-230 g) from our own breeding stock
of the Central Animal House of the Departamento de Bioquimica, ICBS, UFRGS were used for
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the behavioral experiments. The animals were housed four per cage with food and water freely
available under a 12 : 12 h light/ dark cycle (lights on 07:00 — 19:00 hours) at a constant
temperature (22 £ 1° C) colony room, with free acess to water and a commercial chow (Supra,
Porto Alegre, RS, Brazil) containing 20,5% protein (predominantly soybean supplemented with
methionine), 54% carbohydrate, 4,5%, fiber 4%, lipid 7% ash and 10% moisture. The
experimental protocol was approved by the Ethics Committee for Animal Research of the
Federal University of Rio Grande do Sul, Porto Alegre, Brazil, and followed the *““Principles of
laboratory animal care” (NIH publication no. 85-23, revised 1985). All experimental protocols
were designed carefully in order to keep the number of animals used to a minimum, as well as
their suffering. All efforts were made to minimize animal suffering and to use only the number

of animals necessary to produce reliable scientific data.

Treatment

Forty Sixty-day-old male Wistar rats were randomly divided into 4 groups: saline; Trp;
Pyr + Cr; Trp + Pyr + Cr. The animals received 3 subcutaneous injections of Trp (2 umol/g body
weight each one at 3 h of intervals) (46) and/ or Pyr (200 pg/g body weight 1 h before
tryptophan) (47), and/or Cr (400 pg/g body weight twice a day for 5 days before tryptophan)
(48) twice a day for 5 days before training; controls received saline solution (NaCl 0.85 g%) at
the same volumes (30 pL/g body weight) than the other substances. All drugs were dissolved in
0.85% NaCl solution, and pH of the solutions was buffered to 7.4 with NaOH or HCI. All
behavioral tests were carried out between 60 and 65 days of age. All behaviors were recorded by
a videotape with an overheadcamera for subsequent analysis. During the analysis of the open
field, the image of the floor of the arena divided into squares was used to record of the number
of squares entered by an animal as well as the exact place of occurrence of the recorded
behaviors. The animals were killed after behavioral test by decapitation without anesthesia, and
the brain was rapidly removed for the determination of the parameters of oxidative stress. Doses
of were administered according to body weight and calculated from the pharmacokinetic
parameters determined in our laboratory (46).
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Open-field habituation

The open-field exploration was carried out as previously described (49). Five days
before the beginning of the chronic treatment, the animals were submitted to the open field. The
device consists of a wooden box, round two feet in diameter and with walls of MDF. The rats
were gently placed in the box, with nose facing the corner of the box, and were monitored for
fifteen minutes. The number of rearings (stand on two legs), the number of crossings (go with
all four paws from one quadrant to another) and the distance traveled were counted to assess the
exploratory behavior of the animals, a measure of the habituation to the open field environment.
The number of groomings (pass front paws on the snout) was recorded to evaluate emotionality

of the animals (50 - 52)

Preparation of Brain Tissue

After decapitation the brain was rapidly excised on a Petri dish placed on ice. The
olfactory bulbs, pons, medulla and cerebellum were discarded and the cerebral hippocampus
was dissected, weighed and homogenized in ten volumes (1:10, w/v) of 20 mM sodium
phosphate buffer, ph 7,4 containing 140 mM KCL. Homogenates were centrifuged at 750 x ¢
for 10 min at 4°C to discard nuclei and cell debris (53, 54). The pellet was discarded and the
supernatant, a suspension of mixed and preserved organelles, including mitochondria, was

separated and immediately used for the analyses.

Oxidative stress measurements
Thiobarbituric acid-reactive species (TBA-RS)

TBA-RS measures mainly malondialdehyde (MDA), a product of lipoperoxidation
caused mainly by hydroxyls free radicals. Hydroxyl free radicals are mainly formed from H,0,
by the iron-catalyzed Fenton reaction or by the Haber-Weiss reaction (55). TBA-RS were
measured, as described previously (56). Briefly, to glass tubes samples and reagents were added
in the following order: 500 pL of tissue supernatant; 50 puL of SDS 8.1%; 1500 pL of 20% acetic
acid in aqueous solution (v/v) pH 3.5; 1500 uL of 0.8% thiobarbituric acid; and 700 uL of
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distilled water. The mixture was vortexed and the reaction was carried out in a boiling water
bath for 1 h. The mixture was allowed to cool on water for 5 min, and was centrifuged at 750 x
g for 10 min. The resulting pink stained TBA-RS were determined spectrophotometrically at
532 nm. A calibration curve was generated using 1,1,3,3-tetramethoxypropane as a standard.

TBA-RS were calculated as nmol of TBA-RS per mg of protein.

Total sulfhydryl content

The sulfhydryl assays were performed according to a previously published method (57),
where the reduction of 5,50-dithio-bis(2-nitrobenzoic acid) (DTNB) by thiols, generating a
yellow derivative (TNB) whose absorption is measured spectrophotometrically at 412 nm.
Briefly, 0.1 mM DTNB was added to 120 ul of hippocampus supernatants. This was followed
by a 30-min incubation at room temperature in a dark room. Absorption was measured at 412
nm. The sulfhydryl content is inversely correlated to oxidative damage to proteins. Results were

calculated as nmol of TNB per mg of protein.

Statistical analysis

Data from oxidative stress measures were expressed as mean £ SD and were analyzed
by two-way ANOVA (Trp and Cr + Pyr as factors). Comparison between means was analyzed
by one-way ANOVA followed by the Tukey test when the F value was significant. Data from
the open field task were expressed as median and 75 percentil. Comparisons among groups were
performed using Kruskall-Wallis analysis of variance followed by Mann-Whitney U test when
the values of the Kruskal-Wallis analysis were significant. P <0.05 values were considered

significant. Statistical analysis were performed using the statistical software package SPSS.

Results
First, we investigated the effects of Trp and Cr + Pyr administration on the behavioral
parameters of the open field task. Kruskal Wallis test was significant for the number of
crossings (Chi-Square (1) = 5.60; p<0.01) (Fig 1), the number of rearings (Chi-Square (1) =
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6.92; p<0.01) (fig 2) and the distance traveled (Chi-Square (1) = 6.56; p<0.01) (Fig 3), but not
for the number of grooming (Chi-Square (1) = 0.28; p>0.60) (Fig 4). Comparison between the
groups by Mann Whitney test indicated that Trp administration increased all parameters of
exploratory behavior and that Cr + Pyr administration fully prevented the effects of Trp. These
results indicate that Trp interferes in the process of habituation to the open field and the
association of Cr and Pyr protects the process of habituation (learning/memory).

Next, we investigated the effects of Trp and/or Cr + Pyr administration on some
oxidative stress parameters in brain hippocampus of adult rats. Two-way ANOVA showed
significant interaction between Trp and Cr + Pyr for TBA-RS (F(1,23 = 10.05; p<0.05) and for
total sulfhydryls (F(1,22) = 6,94; P<0.01). One-way ANOVA followed by the Tukey test showed
that Trp administration significantly increased TBA-RS (Fig 5) and decreased total sulfhydrils
content of hippocampus (Fig 6) and that administration of Cr + Pyr fully prevented the effects of
Trp. These results suggest that Trp caused deficit of habituation by mechanisms involving

deficit of energy and/or oxidative stress.

Discussion

The present study showed that administration of Trp causes deficit of learning/memory
of rats in a classical behavioral task, the open field, and that this deficit can be prevented by Pyr
and Cr pre-treatment.

Animals receiving Trp one hour before training presented no habituation as revealed by
the lack of reduction of exploratory activity (distance traveled, number of rearings and of
crossings responses) along the 15 min of the session in the open field task, whereas the controls
(saline and Cr + Pyr) showed normal habituation (reduction of exploratory behavior). Memory
retention or habituation to a novel environment can be measured by reduction of the exploratory
behavior along the session in this task, in which the hippocampus plays a crucial role (58).
Since a progressive reduction of the exploratory activity can be interpreted to indicate that
animals recognize and remember the environment and in the present study Trp-treated animals
did not show this pattern, it is assumed that this reflects a deficit of learning/memory caused by
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this amino acid.

When administration of Trp was preceded by Cr treatment for 5 days plus Pyr one hour
before the animals were subjected to the open field task, it was observed that there was
reduction of number of crossing and rearing responses along the session. Trp and Pyr + Cr did
not interfere in the number of groomings in the open field task, since all groups of animals
behaved similarly along the session. Therefore, it seems that alterations of emotionality possibly
did not contribute to the deficit of habituation caused by Trp. These results suggest that Pyr and
Cr could be possible substances capable to prevent Trp-induced behavioral alterations,
suggesting a possible relation between inhibition of activities of PK and CK in the behavioral
alterations caused by Trp.

In the present investigation, Trp administration induced increase of TBA-RS and
reduction of total sulfhydryls content in hippocampus, indicating induction of oxidative stress.
We also observed that the increase of TBA-RS and the diminution of total sulfhydryls were
totally prevented by Cr plus Pyr pretreatment, two potent antioxidants, reinforcing the
hypothesis of oxidative stress.

Oxidative damage may occur when there is oxidative stress, namely an imbalance
between free radical generation and scavenging systems. The brain may be particularly
vulnerable to increased reactive species, due to its high rate of oxidative metabolic activity, high
content of polyunsaturated fatty acids, regions rich in iron concentration, and moderate levels of
antioxidant defenses compared to other tissue (59, 60).

Pyr exerts powerful neuroprotective properties by providing simultaneous resistance to
oxidative stress and mitochondrial insult because Pyr is an effective neuronal energy substrate
from glycolysis and acts as a powerful antioxidant (61). Pyr counteract the decrease in the
neuronal ATP content induced by N-Methyl-D-aspartate (NMDA), indicating that it might
protect neurons by normalizing cellular energy charge. Besides, pyruvate prevents the
accumulation of glutamate which is neurotoxic after a pre-exposure of neurons to NMDA (62).

Cr has directly anti-oxidative properties (63). Patients with Cr deficiency syndromes
present with mental retardation, speech and language delay, and epilepsy. Patients with Cr
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transporter deficiency may exhibit autistic behavior, mental retardation with learning problems
(64). The common denominator of these disorders is the depletion of the brain creatine pool, as
demonstrated by in vivo proton magnetic resonance spectroscopy (65).

Trp accumulation in blood and urine seems to be a rare condition. Nevertheless, the few
described cases present severe neurological alterations, whose pathophysiology is unknown. Trp
loading induces lipoperoxidation in healthy humans (66) and in rats (67, 42). These data are in
agreement with other present results that showed increased TBA-RS and decreased total
sufhydryls content in the hippocampus of Trp-treated rats. Previous studies from our laboratory
showed that Trp and some of their metabolites inhibits the in vivo activity of the thiol-
containing enzymes CK and PK and induces oxidative stress in rat brain (46, 41, 67, 42).
Inhibition of CK and PK alters energy homeostasis and diminishes Cr and Pyr concentrations in
the brain. Studies from several laboratories have shown that a major contributor to the
pathogenesis of neurodegenerative disorders may be impairment of cellular energy metabolism
(68 - 71) and oxidative stress (72). Nakagami et al. (1996), reported the production and
accumulation of ROS by 3-HK. In a previous study, was demonstrated that tryptophan decreases
in vitro and in vivo PK and CK activities in the brain cortex of developing rats, possibly
compromising brain energy production (46, 41).

In the present study we demonstrated that administration of Trp compromises the
process of habituation to the open field of rats and induces oxidative stress in their hippocampus
and that the two alterations are prevented by pre-treatment with Cr plus Pyr, suggesting that the
neurotoxicity of Trp involves oxidative stress and alteration of energy homeostasis. Matthews et
al. proposed that Cr supplementation provides direct or indirect antioxidant protection against
metabolic damage with HD. Cr supplementation has been shown potential to be efficacious in
treatment of oxidative stress and damage with pathologies that result in muscle wasting (75).

Further studies are needed to assess how the Trp is causing this damage, if caused by the
accumulation of itself or their metabolites. Besides, more studies are necessary to evaluate
whether Cr and Pyr may be possible substances to be supplemented to patients with
hypertryptophanemia or neurodegenerative diseases.
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Figuras e legendas do artigo
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Figure 1. Preventive effect of the association of creatine (Cre) and pyruvate (Pyr) on the
increase of the number of crossings caused by tryptophan (trp) administration to rats in the open
field task

Data are median and 75 percentil for 8-10 animals in each group. Animals were left to freely
explore the arena for 15 min. *P< 0.01 compared to the other groups (Kruskal-Wallis ANOVA

followed by the Mann-Whitney test).
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Figure 2. Preventive effect of the association of creatine (Cre) and pyruvate (Pyr) on the
increase of the number of rearings caused by tryptophan (trp) administration to rats in the open
field task

Data are median and 75 percentil for 8-10 animals in each group. Animals were left to freely
explore the arena for 15 min. *P< 0.01 compared to the other groups (Kruskal-Wallis ANOVA

followed by the Mann-Whitney test).
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Number of Groomings

Figure 4. Effect of tryptophan (Trp) and the association of creatine (Cre) and pyruvate (Pyr)
administration on the number of grooming performed by rats in the open field task
Data are median and 75 percentil for 8-10 animals in each group. Animals were left to freely

explore the arena for 15 min.

48



2 ~
o < Z & B
hhhhhh
- ﬂVbet
s © £ 2%
= 5 T xx S
8 = 8 <« &
ﬁa © y
o 2 g m 5
X tTd
2 £ »u - B ¢
.....
€ g & § 35 =
r T T T T V.m....mnm.m
<= 5% g & & 2

eeeee
» 8 g8 ® 9 g
s 9 2 s £ 3
=2 o o © 53 )
r £ £ &8 3 =



s =

ttttt
5 8 & &

g = Y
= > Fe) ° w
..L @ c =

> +— -

(5] o S c M

g 2 § 38

MMMM

. i o

GGGGG
17] s o

s @ © a S

5 © @00 g £ 0



3. DISCUSSAO

Sabe-se que um grande nimero de doencas neuroldgicas estd relacionada com
anormalidades no metabolismo do Trp, mas esta relacdo ainda ndo estd completamente
elucidada. A via das quinureninas, a maior rota de catabolismo do L-triptofano, leva a
producéo de 3-HK como um metabdlito intermediario (Okuda et al., 1996; Heyes, 1996;
Stone, 2001). O aumento nas concentrag0es de 3-HK, foi detectado em algumas
doencgas neurodegenerativas, como HD (Pearson and Reynolds, 1992) e PD (Ogawa et

al., 1992).

Estudos de diferentes laboratérios tém demonstrado que o maior
contribuidor para a patogénese da doenca neurodegenerativa pode ser 0 prejuizo no
metabolismo energético celular (Beal, 1992; Beal et al., 1993; Beal, 1995; Hodgkins
and Schwarcz, 1998) e estresse oxidativo (Coyle and Puttfarcken, 1993). Nakagami et
al. (1996) reportou a producdo de ROS por 3-HK. Isso sugere que 3-HK induz a morte
de células neuronais, precedida pelo mal funcionamento da mitocéndria, incluindo
colapso do potencial de membrana mitocondrial com seletividade por regides do
cérebro e caracteristicas apoptdticas relevantes na patologia de muitas doencas
neurodegenerativas (Eastman and Guilarte, 1989; Okuda et al., 1996; Okuda et al.,

1998; Lee et al., 2004).

O dano oxidativo pode ocorrer quando ha estresse oxidativo, caracterizado pelo
desequilibrio entre a geracédo de radicais livres e o sistema de remocao desses. O cerebro
pode ser particularmente vulneravel ao aumento de espécies reativas, devido a sua alta
taxa metabolica oxidativa e niveis moderados de defesas antioxidantes comparados com

outros tecidos (Halliwell et al., 1996; e Halliwell et al., 1999).

Nosso estudo mostrou que a administracdo de Trp induziu o aumento de TBA-
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RS e reduziu o conteudo de sulfidrilas totais no hipocampo, indicando a inducéo de
estresse oxidativo. Entretanto, pudemos observar que esse aumento de TBA-RS e
diminuicdo de sulfidrilas totais foi totalmente prevenido pela pré-tratamento com Cr

mais Pir, dois potentes antioxidantes refor¢ando a hipdtese de estresse oxidativo.

Nossos resultados também mostraram que a administracao de Trp causou déficit
de aprendizado/memdria nos animais em um teste comportamental classico, o campo
aberto. Os animais que receberam Trp uma hora antes do treino apresentaram reducgéo
da atividade exploratdria (distancia viajada, nimero de rearings e crossings), refletindo
assim, a dificuldade em habituar-se ao novo ambiente, enquanto os animais controle e
0s que receberam Cr + Pir, apresentaram um comportamento normal de habituacéo.
Contudo, novamente pudemos observar que quando a administracdo de Trp foi
precedida pelo tratamento com Cr e Pir os animais submetidos ao campo aberto

apresentaram redugdo no nimero de crossings e rearings ao decorrer da sessao.

Os resultados obtidos em nosso trabalho, portanto, estdo de acordo com
resultados de estudos anteriores, que mostram os efeitos toxicos do Trp e/ou seus

metabolitos e dos efeitos antioxidantes diretos e indiretos apresentados por Cr e Pir.
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4. CONCLUSOES

O Trp é um aminoéacido essencial que pode ser convertido em diferentes
compostos, por diversas vias distintas. inibe a atividade da CK in vivo, no cérebro de
ratos e sua administracdo induz ao estresse oxidativo e que Cr e Pir possuem
propriedades antioxidantes diretas e indiretas.

1. Como o aumento da atividade exploratoria indica uma diminuicao da capacidade
de habituagdo ao ambiente novo, podemos concluir que o Trp interferiu no
processo de aprendizado/memdria dos animais submetidos ao campo aberto.

2. A administracdo de Trp gerou um aumento de TBA-RS e diminui¢do de
sulfidrilas totais no hipocampo, demonstrando seu poder oxidante e sua
capacidade de gerar estresse oxidativo.

3. O pré-tratamento com Cr + Pir preveniu os efeitos causados pelo Trp no campo
aberto, diminuindo a atividade exploratdria do animais, sugerindo assim, que a
capacidade de aprendizado/meméria foi preservada.

4. A andlise se TBA-RS e sulfidrilas totais, no hipocampo mostrou que a
associacdo de Cr + Pir preveniu totalmente os efeitos do Trp, evitando assim o

estresse oxidativo.

Com o presente trabalho, pudemos confirmar os efeitos toxicos do Trp e/ou seus

metabolitos na geracdo de estresse oxidativo e os efeitos preventivos da pré

administracdo de duas poderosas substancias antioxidantes: Cr e Pir.
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5. PERSPECTIVAS

Nossos resultados abrem a perspectiva de continuarmos a investigacdo com os

seguintes objetivos:

e \rificar o efeito da administracdo cronica de triptofano sobre os parametros

comportamentais e de estresse oxidativo.

e \frificar se in vitro, os efeitos do triptofano, sobre os parametros de estresse
oxidativo sdo os mesmos e se sdo igualmente prevenidos pelo pré-tratamento de

creatina e piruvato.
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