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Labor

Ha& um encanto no plantar
€ uma alegria no colher.
Quando a semente é estéril,
aconchega-ia com as maos,
sulcar o chao com os dedos,
cobri-la com a terra Umida
velando a vida extinta,
sao no labor o justo encanto.
Quando a planta viceja
e o0s frutos adocam o vento,
o sabor da colheita farta
é 0 suave e generoso vinho
que alegra o coracao.
Mas a festa da colheita
prenuncia um novo plantio,
pois assim é o coracao humano,

sempre buscando o amanha.

Clévis Milton Duval Wannmacher
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RESUMO

A histidinemia € um erro inato do metabolismo causado pela deficiéncia
da atividade da enzima histidase. Na histidinemia ocorre acimulo de histidina e
seus metabdlitos, bem como deficiéncia de acido urocénico. Pacientes
sintomdticos apresentam, principalmente, defeitos na fala, retardo mental,
porém alguns pacientes sdo assintomaticos. Alguns trabalhos na literatura
atribuem a histidina um efeito oxidante, aumentando a lipoperoxidacio e
potencializando a toxicidade do perdxido de hidrogénio. Visto que a
fisiopatologia dos sintomas neuroldgicos associados a histidinemia ainda ndo é
bem entendida, nds resolvemos investigar os efeitos da histidina e alguns de
seus derivados sobre alguns parametros de estresse oxidativo. Observamos que
a quimioluminescéncia aumenta e que os valores de TRAP foram reduzidos na
presenca de histidina /n wvitro. Vimos também, que a histidina, nas
concentracoes testadas, nao altera o TBA-RS assim como nao altera a atividade
da catalase, glutationa peroxidase e superoxido dismutase. Resultados
semelhantes foram obtidos com o acido imidazolacético na quimioluminescéncia
e no TRAP, porém nas enzimas antioxidantes, observamos que o acido
imidazolacético diminui a atividade da catalase. As medidas de TBA-RS e as
atividades da superdxido dismutase e glutationa peroxidase ndo foram
alteradas pelo acido. O acido imidazolatico varia o comportamento conforme a
concentracdo utilizada: em concentracdes mais baixas na quimioluminescéncia
mostra efeito oxidante, porém nas concentracdes mais altas mostra efeito
antioxidante nas técnicas de quimioluminescéncia € TBA-RS e aumenta a
atividade da superdxido dismutase. Este acido ndo altera o TRAP, assim como
as atividades da catalase e glutationa peroxidase. Nossos resultados sugerem
que a histidina in vitro induz estresse oxidativo em concentracfes acima de 2,5
mM. Se os efeitos apresentados neste trabalho estdo envolvidos na
fisiopatologia cerebral de pacientes histidinémicos sintomaticos € uma questao
que permanece ainda em aberto. Portanto, mais estudos s@o necessarios para
melhor caracterizar o papel de histidina e seus metabdlitos sobre estresse

oxidativo no sistema nervoso central, em especial na histidinemia.



ABSTRACT

Histidinemia is an inherited metabolic disorder caused by deficiency of
histidase activity, which leads to tissue accumulation of histidine and its
derivatives. Affected patients usually present speech delay and mental
retardation, although asymptomatic patients have been reported. Considering
that the pathophysiology of the neurological dysfunction of histidinemia is not
yet understood and since histidine has been considered a pro-oxidant agent, in
the present study we investigated the effect of histidine and its derivatives,
imidazole-4-acetic acid and L-pP-imidazolelactic acid, at concentrations ranging
from 0.1 to 10 mM, on various parameters of oxidative stress in cerebral cortex
of 30-day-old Wistar rats. Chemiluminescence, total radical-trapping antioxidant
potential (TRAP), thiobarbituric acid reactive substances (TBA-RS), and the
activities of the antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px) were measured in tissue
homogenates in the presence of L-histidine or L-B-imidazolelactic acid. We
observed that L-histidine provoked an increase of chemiluminescence and a
reduction of TRAP at concentrations of 2.5 mM and higher, while TBA-RS
measurement, GSH-Px, CAT and SOD activities were not affected. The
imidazole-4-acetic acid provoked an increase of chemiluminescence and a
reduction of TRAP at concentrations of 5 mM and higher, decrease activity of
CAT in a dose-dependent manner, while TBA-RS measurement, GSH-Px and
SOD activities were not affected. Furthermore, L-B-imidazolelactic acid
provoked antioxidant effects at high concentrations (5 to 10 mM) as observed
by the reduction of chemiluminescence, although this compound enhanced
chemiluminescence at low concentrations (0.5 to 1 mM). These results suggest
that in vitro oxidative stress is elicited by histidine but only at supraphysiological

concentrations.
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1.1. Erros Inatos do Metabolismo

A histéria da genética bioquimica humana comecou no inicio do século
20, quando Garrod iniciou o estudo sobre alcaptondria. Garrod observou que a
alcaptonuria tinha uma distribuicdo familiar, onde freglientemente um ou mais
irmaos estavam envolvidos, e que havia uma alta incidéncia de casamentos
consangiiineos entre os pais de seus pacientes. Em conferéncia com Bateson,
Garrod entendeu que essas observacOes podiam ser explicadas como defeitos
inatos, uma condicdo recessiva, expressao descoberta recentemente pelas leis
de Mendel.

De suas observacOes de pacientes com alcaptontria, albinismo, cistintiria
e pentostria, Garrod desenvolveu o conceito de que certas doencgas surgem
quando uma enzima, que governa um simples passo metabdlico, esta reduzida
ou ausente. Em torno de 40 anos depois dessa descoberta de Garrod, surgiu o
conceito de “um gen - uma enzima” proposto por Beadle e Tatum. O conceito
um gen — uma enzima € descrito por Tatum como segue:
a) todos os processos bioquimicos em todos os organismos estao sobre controle
genético;
b) esses processos bioquimicos estdo envolvidos dentro de uma série de
reacoOes individuais;
¢) cada reacdo bioquimica estad sob controle de um unico gen diferente;
d) mutacdes de um dnico gen resultam apenas em uma alteracdo na habilidade

da célula em carrear uma simples reacao quimica primaria.



Este conceito, um gen — uma enzima, explicava potencialmente os erros
inatos do metabolismo descritos por Garrod.

O conceito de doenga molecular foi descrito em 1949 por Pauling e
colaboradores, quando surgiram evidéncias diretas de que mutacdes produzem
alteracbes na estrutura primaria de proteinas. Pauling mostrou que a
hemoglobina falcémica migrava diferentemente da hemoglobina normal em um
campo elétrico. Estudos posteriores de Ingram estabeleceram que a
anormalidade eletroforética aparece porque a hemogiobina falcémica tinha um
residuo de valina substituindo um residuo de acido glutdmico em um ponto da
seqliéncia de aminoacidos. Essa constatacao fecha uma era de descobertas em
genética bioguimica humana: erros inatos do metabolismo s3o causados por
mutacOes génicas que produzem proteinas anormais, nas quais a atividade

funcional esta alterada (Beaudet et al., 1995).

1.2 — Histidinemia

1.2.1 - Definicao

Histidinemia € um erro inato do metabolismo causado pela deficiéncia da
atividade da enzima histidase, principal rota de degradacdo da histidina, que
degrada histidina a acido urocanico. Na histidinemia ocorre acimulo de

histidina e seus metabdlitos, bem como deficiéncia de acido urocanico.
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1.2.2 - Histérico e Freqiiéncia

A histidinemia é uma das mais freqlientes e bem conhecidas desordem
do metabolismo da histidina, sendo transmitida por heranca autossomica
recessiva. Em geral, sua freqgliéncia € de aproximadamente 1:12.000, porém no
Japao a freqgliéncia é particularmente mais alta (1:9.600).

Descrita primeiramente em duas irmas por Ghadimi e colaboradores em
1961, quando encontraram um falso-positivo para o teste do cloreto férrico
(que diagnostica fenilcetondria). Porém, investigando aminodcidos através de
cromatografia, os niveis de fenilalanina encontravam-se normais na urina. No
entanto, foi encontrado aumento das concentragdes de histidina no sangue e
na urina. Uma das irmds apresentava defeito na fala, o que levou a suspeita de
que a histidinemia poderia levar a anormalidades clinicas. A coloragdo verde
encontrada no teste foi atribuida a presenca de um metabdlito da hisitidina, o
acido imidazolpirtvico, na urina (Auerbach et al., 1962). O defeito enzimatico
foi identificado por La Du et al. (1962) em extratos de pele de duas irmas
histidinémicas nao sendo observada atividade da enzima histidase, enquanto

que a atividade era facilmente demonstrada em tecido similar de adu!tos e

criancas nao histidinémicos.



1.2.3 - Metabolismo da Histidina

<ATP
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Fi6. 1. Metabolic pathways of histidine.

Figura 1.1 — Rota de degradacdo da histidina (Stifel e Herman, 1971).

A histidina é degradada por varias rotas, as quais dao origem a diversos
metabdlitos importantes:
a) desaminacdo catalisada pela histidase para formar acido urocanico, que apos
duas reagOes adicionais é convertido a acido formiminoglutédmico (FIGLU);
b) transaminacdo ou desaminacdo da histidina a acido imidazolpiravico, que por
reducao da origem ao acido imidazolacético e acido imidazolatico;
¢) descarboxilacdo da histidina em histamina que, por sua vez, € oxidada
primeiro a imidazolacetaldeido e depois gerando acido imidazolacético;
d) metilacao da histidina para formar 1-metil-histidina ou 3-metil-histidina;
e) condensacao da histidina ou 1-metil-histidina com beta-alanina para formar

carnosina ou anserina, respectivamente (Stifel e Herman, 1971).



1.2.4 - Histidase

A causa da histidinemia € a deficiéncia da atividade da enzima histidase.
A histidase é expressa principalmente no figado, mas também é encontrada na
pele, onde o acido urocanico é um protetor natural contra raios ultra-violeta
(UV), além de ser mediador do sistema de imunossupressao neste tecido. A
deficiéncia da atividade da histidase ocorre tanto no figado quanto na pele,
porém ha casos em que 0s pacientes apresentam atividade da histidase

deficiente no figado e normal ou préximo do normal na pele.

1.2.5 - Manifestacoes Clinicas

Embora muitos pacientes ndo apresentem sintomas, a manifestagao
clinica classica da histidinemia sdo defeitos na fala, retardo mental ou
inteligéncia abaixo do normal. Salienta-se, porém, que mesmo estes sinais
clinicos ndo aparecem em todos o0s casos observados. (Levy et al., 2001).

Algumas anormalidades clinicas e somaticas isoladas tém sido relatadas
associadas a histidinemia (Levy, 1989). Essas incluem ataxia cerebelar,
hidrocefalia, distlirbios emocionais, baixa estatura, retardo no crescimento
0sseo, desordens convulsivas, infeccOes recorrentes, puberdade precoce,
anemia congénita hipopldstica, trombocitopenia plrpura idiopatica e mditiplas
anormalidades congénitas (Levy et al., 2001). Deve-se adicionar a esta lista um

relato de um adulto histidinéemico mentalmente retardado com mioclonus

progressivo (Duncan et al., 1991).



1.2.6 - Alteracoes Bioquimicas

A principal alteracdo bioquimica encontrada na histidinemia é o aumento
de até doze vezes da concentracao da histidina no sangue (Levy, 1989; Levy et
al., 1974). Na urina, a histidina estd marcadamente aumentada na histidinemia,
refletindo o excesso dos niveis de histidina no sangue. Os valores relatados sao
de 2 a 6 mmol/dia, representando um aumento de seis a dez vezes acima do
normal (Levy, 1995).

A histidina também é encontrada no liquido cefalorraquidiano. Wadman
et al. (1967) encontraram em um paciente um valor aumentado dez vezes
acima do normal com valores de 142 uM e 129 uM comparado com o valor
normal de 13 uM (Levy et al., 1974). Shaw et al. (1963) relataram um valor de
48 uM em seus pacientes, uma elevacdo de trés vezes acima do normal.

O acido imidazolpirtvico ndo é normalmente detectado na urina, mas na
histidinemia a excrecao pode atingir 2 mmol/g de creatinina (Levy et al., 2001).
As quantidades de outros metabdlitos na urina de pacientes histidinémicos,
medida por Wadman et al. (1967) foram de: acido imidazolatico 0,4 a 5,0
mmol/g de creatinina; acido imidazolacético 0,1 a 2,2 mmol/g de creatinina; e
N-acetilhistidina 0,1 a 0,6 mmol/g de creatinina. Os valores para o &cido
imidazolatico e acido imidazolacético sao de cinco a cinglienta vezes maiores do
que o normal, enquanto N-acetilhistidina estd aumentado de duas a cinco vezes
(Wadman et al.,, 1971). Em contraste com sua presenca na urina, esses
metabdlitos ndo sdo detectados no sangue, provavelmente por ndo serem

capazes de sofrer reabsorcao renal. Ja foram relatados aumentos na excregao



urindria de metil-histidina e carnosina, mas ndo de homocarnosina e anserina
(Ghadimi et al., 1962; Carton et al., 1970).

A principio, todas as rotas alternativas da degradacdo da histidina
incluindo transaminacao, metilacdo, acetilacdo e descarboxilacdo, devem estar
aumentadas na histidinemia (Tanabe e Sakura, 1989). Apesar disso, nao se
sabe o percentual especifico de desvio da histidina para cada rota, e muito

menos se no cérebro ha aumento significativo das substancias derivadas da

histidina.

1.2.7 — Diagnostico

O diagnéstico da histidinemia é feito através da identificacdo de niveis
aumentados de histidina e de seus metabdlitos no sangue e na urina. O acido
imidazolpirGvico é facilmente detectdvel pelo teste do cloreto férrico. Niveis de
histidina no sangue encontrados na histidinemia sdo de 290 pM a 1420 puM
(normal 70 a 120 uM), o que eqiiivale a 4,5 a 22 mg/dl (normal 1,1 a 1,9
mg/dl). Os niveis tendem a ser mais elevados no primeiro ano de vida (Levy et

al., 1974; Coulombe et al., 1983).

1.2.8 — Tratamento

O tratamento inicialmente utilizado nos pacientes histidinémicos foi a
restricdo dietética de histidina (basicamente restricdo protéica) de forma
semelhante aos outros erros inatos do metabolismo de aminodacidos, como no

caso da fenilcetontria. Atualmente, a histidinemia é considerada um distirbio



metabdlico relativamente benigno visto gue, em geral, considera-se que 05
pacientes histidin@micos ndo requerem tratamento € que apenas uma peguena
minoria se beneficiaria de medidas especificas para diminuirem 05 niveis de

histiding (Scriver e Levy, 1983).

icais Livees
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1.3.1 s ¢ Generalidades

Radical livre & toda espécie quimica gue € capaz de exstr
independentemente (por isso ¢ termo fivre) e que contenha um ou mais
elétrons desemparethados (figura 2). Podem aparecer carregados ou ndo e
possuindo uma reatividade variada (Halliwell e Guiteridge, 1986; Pryor, 1978).
A molécule diatdmica do oxigénio {(02) € qualificada como um radical porque
tem dois elétrons desemparethados localizados em diferentes orbitais (Halliwell,

1992).

Figura 1.2: GeratBo de radical livre,

>



O oxigénio é tanto essencial como toxico para seres humanos. Esse
paradoxo se deve pela estrutura eletrbnica do Oz, que possui dois elétrons
desemparelhados com spin paralelos.

O oxigénio molecular, reage para formar espécies reduzidas de vida
curta e altamente reativas como o anion superdxido, peroxido de hidrogénio e
radical hidroxil (Halliwell, 2001).

As espécies ativas de oxigénio (EAO) fazem parte do metabolismo
normal das células, sdao formadas em ambiente celular, principalmente na
mitoc6ndria, na cadeia de transporte de elétrons e em reagles de oxi-reducdo,
que envolvem troca de elétrons, como a reagdo de Haber-Weiss e a reacdo de
Fenton (Harman, 1956; Chance et al., 1979). Sao formadas por reducao ou por
excitacao do oxigénio (oxigénio “singlet” ou singleto). Porém, existem EAO que
ndo sao radicais livres, como o perdxido de hidrogénio.

A redugao total do oxigénio, leva uma molécula de O, a 2H,0 (figura 3).
As reducbes parciais do O, levam a formacdo de espécies ativas do oxigénio,
que sdo: anion superdxido, perdxido de hidrogénio, radical peroxil e radical
hidroxil. Na primeira reducdo “parcial” do oxigénio é formado o anion

superdxido Oy . Na segunda reducdo forma-se o radical hidroxil OH. Apods a

formacdo do radical hidroxil, a proxima reducdo forma o radical peroxil HO,', e
por tltimo peréxido de hidrogénio H,0,.

O anion superoxido O, é produzido pela reducdo parcial do oxigénio, e
pode gerar outras EAO. Este radical pode ser gerado por reacbes de

autoxidagdo e reagOes enzimaticas. Varias enzimas tais como a xantina oxidase
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geram radicais superoxido. Ele também pode ser produzido na cadeia de
transporte de elétrons ao nivel da ubiquinona ou do complexo da NADH
desidrogenase. Este radical ndo atravessa livremente as membranas bioldgicas,
penetrando nas células através de canais anibnicos (Oga, 1996).

Na proxima redugdo do oxigénio é formado o radical hidroxil OH. O
radical hidroxil é a espécie mais ativa no ataque a moléculas bioldgicas. E
produzido pelo perdxido de hidrogénio ou anion superdéxido na presenca de
metais de transicio (Fe’" e Cu®) (Halliwell, 2001). O radical hidroxil é
considerado a principal EAO responsavel por iniciar a destruicdo de
biomoléculas (Haliwell e Gutteridge, 1989). Pode atacar e prejudicar todas as
principais biomoléculas, ou seja, carboidratos, lipidios, proteinas e DNA (Von

Sonntag, 1987).

02TT

OH"
EAO Oy~
H.0;

Figura I.3: Redugdo do O, a H0.
02 é um birradical. Ele tem uma tendéncia a formar outra espécies ativas de oxigénio (EAO)
toxicas, tais como radical hidroxil, superdxido e perdxido de hidrogénio.
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Abaixo estdo as reacdes que formam radical hidroxil:

Reacdo de Haber-Weiss

H+
0" + H)O. » 02 + H,O + OHW

Reacao de Fenton

Fe’* + H,0, — Fe** + OH + OH’

O perdxido de hidrogénio (H,0,) ndo € um radical livre (é uma EAO),
mas pode gerar radicais pela reacdo com metais de transicio (ex. Fe?*). O H;0;
é um agente oxidante fraco, porém oxida grupos tidis e alguns aminoacidos,
podendo inativar enzimas (Oga, 1996). O H,0, pode se difundir através das
membranas.

Existem outros radicais livres que ndo sdo espécies ativas de oxigénio,
como Oxido nitrico NO° (Kostka, 1995). O NO' desempenha vaérias fungoes
essenciais tais como vasoregulador e neurotransmissor (Honns et al., 1999;
Bredt, 1999). Em excesso, pode inibir a citocromo oxidase levando ao escape

de elétrons e formagao de EAO pela redugdo parcial do O, (Forfia et al., 1999).

1.3.2 Sistemas de Defesa Antioxidante

Nosso organismo é protegido da acdo de radicais livres — que produzem

dano oxidativo — por varios antioxidantes com diferentes fungdes que agem de
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forma indep

ndente (ex.: catalase), dependente (ex.: SOD que depende da
catalase) e até mesmo sinergicamente (ex.: glutationa peroxidase e glutationa

redutase).

Figura L4 Aggo dos antioddantes.

Os sistemas de defesa antioxidantes s3o classificados em trés categord

por suas fungbes.
A primeira linhe de defesa sdo os antioxidantes preventivos que
suprimem a formacac de radicais livres, dentre estas defesas estdo as enzimas

antioxigantes que s30:

Superdx Dismutase {(S0D) - Identificada em 19685 por McCord e
Fridovich, catalisa a dismutacdo do superdxido a perdxido de hidrogénio. Em
seres humanos existem trés formas de SOD (Cu,Zn-S0D citosdlica, Mn-S0D
mitocondrial € SOD exracelular), codificadas e reguladas independentemente
{Fridovich, 1995).

Reacdo da SOD:

O + 0+ 2K > M0, + O

e
a2
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Catalase - E uma proteina que contém quatro grupos heme sendo especifica
para reducdo do perdxido de hidrogénio, ndo reduzindo perdxidos organicos.
Esta enzima esta localizada nos peroxissomos.

Reacdo da catalase:

2H202 —> 2H20 <+ Oz

Glutationa peroxidase (GSH-Px) — A GSH-Px é um tetramero contendo um
atomo de selénio por subunidade. Reduz acidos graxos, hidroperdxidos e
perdxido de hidrogénio.

Reacao da GSH-Px:

LOOH + 2GSH — LOH + H,0 + GSSG ou

H,0, + 2GSH — 2H,0 + GSSG

A segunda linha de defesa sdo os antioxidantes que “seqgiiestram” a
atividade do radical para suprimir a reacdo de iniciacao efou frear a cadeia de
reacoes de propagacdo da lipoperoxidacdo. Sdo varios o0s scavengers
enddgenos e sao de duas classes: hidrofilicos e lipofilicos.

Hidrofilicos: vitamina C, acido Grico, bilirrubina, albumina e tidis.
Lipofilicos: vitamina A, vitamina E e ubiquinol(forma reduzida da coenzima Q).

A terceira linha de defesa antioxidante € a de reparo. Fosfolipases
reparam o dano oxidativo que o fosfolipidio tenha sofrido e suas atividades sao
aceitas por serem estimuladas pela oxidacdo. Entre outros, a fosfolipase A2 tem
recebido muita atengdo por divar seletivamente lipidios peroxidados das
membranas, assim prevenindo o actmulo de produtos tdxicos. As enzimas

proteoliticas (proteinases, proteases e peptidases) presentes no citosol e
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mitocondrias de céluilas mamiferas reconhecem, degradam e removem
proteinas modificadas oxidativamente, prevenindo o acimulo de proteinas
oxidadas.

Varios dos sistemas de defesa antioxidante estdo sujeitos a mecanismos
de adaptacdo além de atuarem de forma dindmica. Onde ha sinal de produgdo
e reacao de radicais livres é induzida a formacdo e o transporte de
antioxidantes para o local certo. E sabido que enzimas de defesa antioxidante

sao induzidas pelo estresse oxidativo (Niki,1993).

1.3.3 - Estresse Oxidativo

Estresse oxidativo € o desequilibrio entre a produgdo de radicais livres e

0s mecanismos de defesa antioxidantes.

Defesas
Antioxi
dantes

Figura 1.5: Estresse Oxidativo.
O estresse oxidativo ocorre quando ha um desequilibrio entre os niveis de antioxidantes e de
prooxidantes, com predominio de prooxidantes.
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As trés principais classes de macromoléculas bioldgicas que sdo
suscetiveis ao ataque dekradicais livres sdo os lipidios, os acidos nucléicos e as
proteinas, e ha muitas evidéncias que todas sofrem dano oxidativo in vivo
(Haliwell e Gutteridge, 1989).

O primeiro efeito da peroxidacdo lipidica é a diminuicdo da fluidez da
membrana, 0 que altera suas propriedades e pode afetar significantemente
proteinas ligadas @ membrana (Tappel, 1975).

O dano oxidativo a acidos nucléicos inclui além de adutos de bases e
agucares, quebra de fitas simples e duplas de DNA, e cross-links de outras
moléculas (Dizdaroglu, 1993).

A oxidacao de proteinas é bem menos caracterizada, mas muitos tipos
de danos tém sido documentados, incluindo oxidacdo de grupos sulfidril,
redugdo de dissulfetos, oxidacdo de residuos de aminoacidos junto a sitio de
metais-ligantes via oxidacdo catalisada por metais, reagbes com aldeidos, cross-
linking proteina-proteina, e fragmentacao peptidica (Starke-Reed e Oliver,

1989; Stadtman e Oliver, 1991).

1.3.4 - Radicais Livres e Sistema Nervoso Central

O sistema nervoso central como um todo € especialmente sensivel aos
danos causados por radicas livres por varias razoes (Halliwell e Gutteridge,
1985; LeBel e Body, 1991). Primeiro, a membrana lipidica é muito rica em

acidos graxo polinsaturados, que é especialmente sensivel ao ataque de
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radicais livres. Segundo, o cérebro tem pouca atividade da enzima catalase e
tem apenas quantidades moderadas de SOD e glutationa peroxidase (Cohen,
1988). Terceiro, diversas areas do cérebro (p. ex. “globus pallidus” e substancia
nigra) sdo ricos em ferro (Youdim, 1988% Youdim, 1988°%) e o liquido
cefalorraquidiano ndo tem boa capacidade para ligar ferro, pois seu contetdo
de transferrina é muito baixo (Gruener et al., 1991). E quarto, o cérebro é um
6rgdo metabolicamente muito ativo, o0 que pode ser evidenciado pelo fato de
consumir mais de 20% do oxigénio total captado pelo organismo (Halliwell,
2001).

Varias doengas ou alteragbes patoldgicas que afetam o SNC tém sido
estudadas nas quais os radicais livres podem estar envolvidos ou ja tem sua
participacdo definida. Entre elas destacam-se doenca de Parkinson, doenga de
Alzheimer, acidentes vasculares cerebrais, convulsdes, desordens
acompanhadas de desmielinizacdo, deméncia, sindrome de Down, choque e

edema cerebral (Resnick & Parker, 1993).

1.4 — Efeitos Toxicos da Histidina

Alguns efeitos tdxicos da histidina relacionados a EAO tém sido
demonstrados. A histidina aumenta os efeitos clastogénicos do perdxido de
hidrogénio em cromossomos e cromatide de fibroblastos embriondrios humanos
(Oya e Yamamoto, 1988). Também ja foi relatado o estimulo da
lipoperoxidacdo em reticulo sarcoplasmatico na presenga de ferro (Erickson &
Hultin, 1992) e o aumento da toxicidade do peroxido de hidrogénio sobre
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células em cultura, levando a quebra de fitas duplas e simples de DNA e morte

celular (Cantoni et al., 1994).

1.5 — Acido Imidazolacético e seus Efeitos Neurofarmacologicos

O acido imidazolacético (IAA) é um ligante de receptores GABAs, GABAC
e imidazoline (Tunnicliff, 1998). Diversos efeitos neurofarmacoldgicos causados
pela administracdo de IAA tais como analgesia, perda de reflexo e efeitos
hipnéticos em camundongos e outras espécies tém sido relacionados com sua
acao sobre os receptores de GABA (Roberts e Simonsen, 1966; Tunnicliff,
1998). Outros estudos mostram que o IAA provoca alteragdes
eletroencefalograficas que sugerem excitagdo cortical. Essa combinagdo
incomum de efeitos neurofisioldgicos levou a hiptese de que o IAA poderia
inibir seletivamente interneuronios inibitorios (Marcus et al. , 1971). Bovell et al.
(1982) verificaram alteracdbes no metabolismo cerebral causadas pela
administracdo de IAA. Concentracoes de intermediarios glicoliticos e do ciclo do
acido citrico encontram-se alteradas, tais como aumento de glicose e aspartato
e reducdo de lactato, piruvato, malato, oxalacetato citrato e a-cetoglutarato.
Houve também aumento de fosfocreatina e diminuicdo de creatina e glutamato.
Clifford et al. (1973) verificaram que o IAA provoca diminuigdo de glutamato e
aumento de GABA, aumentando em 160% a proporcao GABA/glutamato em

cérebro de camundongos.
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I1. OBJETIVOS



Verificar o efeito /in vitro da- histidina, acido imidazolacético e acido
imidazolatico sobre parametros de estresse oxidativo — quimioluminescéncia,
potencial antioxidante total (TRAP), medida de lipoperoxidagdo (TBA-RS) e
sobre a atividade das enzimas antioxidantes superdxido dismutase, catalase e

glutationa peroxidase em homogeneizado de cértex cerebral de ratos jovens.
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Effects of histidine and imidazolelactic acid on various parameters of
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Abstract

Histidinemia is an inherited metabolic disorder caused by deficiency of
histidase activity, which leads to tissue accumulation of histidine and its
derivatives. Affected patients usually present speech delay and mental
retardation, although asymptomatic patients have been reported. Considering
that the pathophysiology of the neurblogical dysfunction of histidinemia is not
yet understood and since histidine has been considered a pro-oxidant agent, in
the present study we investigated the effect of histidine and one of its
derivatives, L-B-imidazolelactic acid, at concentrations ranging from 0.1 to 10
mM, on various parameters of oxidative stress in cerebral cortex of 30-day-old
Wistar rats. Chemiluminescence, total radical-trapping antioxidant potential
(TRAP), thiobarbituric acid reactive substances (TBA-RS), and the activities of
the antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) were measured in tissue homogenates in the
presence of L-histidine or L-B-imidazolelactic acid. We observed that L-histidine
provoked an increase of chemiluminescence and a reduction of TRAP at
concentrations of 2.5 mM and higher, while TBA-RS measurement, GSH-PX,
CAT and SOD activities were not affected. Furthermore, L-B-imidazolelactic acid
provoked antioxidant effects at high concentrations (5 to 10 mM) as observed
by the reduction of chemiluminescence, although this compound enhanced
chemiluminescence at low concentrations (0.5 to 1 mM). These results suggest

that in vitro oxidative stress is elicited by histidine but only at supraphysiological

concentrations.



Introduction

Histidine is found at high concentrations in biologic fluids and tissues of
patients with histidinemia, an inborn error of metabolism caused by the
deficiency of histidase activity, which is the main route of histidine utilization in
humans. Some histidine derivatives also accumulate in the disorder, but to a
lower levels. Histidinemia is considered a benign situation in most affected
individuals, although, under certain circumstances, the disorder may be harmful
to the central nervous system, as noted in the symptomatic histidinemic
patients (Levy et al., 2001). Therefore, it seems of relevance to investigate in
more details the mechanisms underlying histidine action and its possible toxicity
to mammalian tissues.

In this context, it has been previously reported that L-histidine increases
the toxicity of hydrogen peroxide (H,0,) in cultured mammalian cells (Tachon &
Giacomoni, 1988), enhances the clastogenic action of hydrogen peroxide
including the generation of chromosomal aberrations (Oya & Yamamoto, 1988),
mediates the enhancement of hydrogen peroxide-induced cytotoxicity and the
formation of DNA double strand breakage (Cantoni et al., 1994a), and induces
lipid peroxidation in sarcopiasmic reticulum (Erickson & Huitin, 1992). On the
other hand, it has also been demonstrated antioxidant and protective effects of
histidine on 1-methyl-4-phenylpyridinium ion (MPP7)-induced hydroxyi radical

generation in the rat striatum (Obata & Yamanaka, 2000; Obata et al., 2001).



In the present study, we investigated the /n vitro effect of histidine and
L-B-imidazolelactic acid, a derivative of histidine, on various parameters of
oxidative stress namely chemiluminescence, thiobarbituric acid reactive
substances (TBA-RS), total radical-trapping potential (TRAP) as well as on the
activities of the antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GSH-Px) activities in the brain of 30-day-old

rats.

Materials and Methods

Reagents and equipment

All chemicals were purchased from Sigma Chemical Co., St Louis, MO,
USA. Solutions were prepared using ultra pure grade water. L-Histidine-
hydrochloride monohydrate and L-B-imidazolelactic acid were prepared on the
day of the experiments in the incubation medium used for each technique and
the pH adjusted to 7.4 when necessary. Chemiluminescence and TRAP were
assayed using a beta scintillation spectrometer (Packard Tricarb 2100TR and
Wallac model 1409, respectively), the enzyme activities were measured with a
double-bean spectrophotometer with temperature controi (Hitachi U-2001) and

the TBA-RS were assayed using a Beckman DU 640 spectrophotometer.



Animals

Thirty-day-old Wistar rats bred in the Department of Biochemistry,
UFRGS, were used. The dams had free access to water and to a standard
commercial chow (Germani, Porto Alegre, RS, Brazil) containing 20.5% protein
(predominantly soybean), 54% carbohydrate, 4.5% fiber, 4% lipids, 7% ash
and 10% moisture. Temperature was maintained at 24 + 1°C, with a 12-12h
light/dark cycle. The experimental protocol was approved by the Ethics
Committee for animal research of the Federal University of Rio Grande do Sul,
Porto Alegre, and followed the National Institute of Health Guide for the Care

and Use of Laboratory Animals (NIH Publications 80-23, revised 1996).

Tissue preparation

On the day of the experiments, animals were killed by decapitation
without anesthesia and the brain was immediately removed. Tissue was kept
chilled during all procedure. The olfactory bulbs and pons/medulla were
discarded and the cerebral cortex was isolated and weighed. Tissue was
homogenized in the incubation medium used for each technique and
centrifuged at 1,000 g for 10 minutes at 4 °C, and the supernatant was

immediately used for the measurements.
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In vitro experiments

Tissue homogenates were incubated for 1 hour at 37 °C on the presence
of L-histidine or L-B-imidazolelactic acid. Controls were incubated with medium
only. The final concentration of each substance in the incubation medium
ranged from 1 to 10 mM, except for L-B-imidazolelactic acid, which was also
incubated at concentrations ranged from 0.1 to 1 mM. After incubation, aliquots
were taken to measure chemiluminescence, TBA-RS and TRAP. To test the
action of histidine and derivatives on the enzymatic antioxidant defenses CAT,
SOD and GSH-Px, the substances were added to the incubation medium used to
assay each enzyme activity without previous incubation with tissue

homogenate.

TBA-RS assay

Measurement of TBA-RS was performed according to Esterbauer and
Cheeseman 1990. Briefly, the tissue sample is mixed with two volumes of cold
10% (w/v) trichloroacetic acid (TCA) to precipitate protein. The precipitate is
pelleted by centrifugation (10 minutes at 1,000 g) and an aliquot of the
supernatant is added to equal volume of 0,67% (w/v) TBA in a boiling water
bath for 15 min. A standard curve is prepared using malondialdehyde
bisdiethylacetal as the source of malondialdehyde (MDA). After cooling the

absorbance is read at 532 nm. TBA-RS were represented as nmol TBA-RS per

mg protein.
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Chemifuminescence assay

Samples were assayed for chemiluminescence in a dark room by the
method of Gonzalez-Flecha et al. 1991. Incubation flasks contained 3.5 ml of
medium consisting of 20 mM sodium phosphate, pH 7.4, and 140 mM KCl. The
background chemiluminescence was measured and 0.5 ml of homogenates
immediately added. Chemiluminescence was measured for 10 minutes at room
temperature. The background chemiluminescence was subtracted from the total

value and results are represented as cps per mg protein.

TRAP assay

TRAP was measured according the method described by Lissi et al. 1992.
TRAP represents the total antioxidant capacity of the tissue and was
determined by measuring the luminol chemiluminescence intensity induced by
2,2"-azo-bis(2-amidinopropane) (ABAP) at room temperature. Four ml of 10 mM
ABAP in 0.1 M glycine buffer pH 8.6 were then added to the vial and the
background chemiluminescence was measured. Ten ul of 4 mM luminol were
then added and the chemiluminescence was measured. This was considered to
be the initial value. Ten pl of 80 puM Trolox or homogenates was added and
chemiluminescence was measured until it reached the initial levels. The addition
of Trolox or tissue homogenate to the incubation medium reduces the
chemiluminescence. The time necessary to return to the levels present before

the addition was considered to be the induction time. The induction time is
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directly proportional to the antioxidant capacity of the tissue and was compared
to the induction time of Trolox. The results are reported as nmo! of Trolox per

mg protein.

Catalase assay

CAT activity was assayed by the method of Aebi 1984, which is based on
the disappearance of H,0, at 240 nm. One unit is defined as one pmol of
hydrogen peroxide consumed per minute and the specific activity reported as

units per mg protein.

Superoxide dismutase assay

SOD activity was assayed by method of Marklund 1985. Cerebral tissue
was homogenized 1:10 (w/v) in 50 mM Tris-HCl buffer pH 8.2 containing 1 mM
EDTA. This method is based on the pyrogallo!l autoxidation which is followed at
420 nm. The pyrogallol autoxidation is highly dependent on O, and is inhibited
by the presence of SOD. One unit of SOD activity is defined as the amount of
SOD that inhibits 50% the pyrogallol autoxidation. The specific activity is

represented as units per mg protein.
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Glutathione peroxidase assay

GSH-Px activity was measured by the method of Wendel 1981, except
for the concentration of NADPH, which was adjusted to 0.1 mM after previous
tests performed in our laboratory. Tissue homogenized 1:10 {(w/v) in 10 mM
potassium phosphate buffer pH 7.7 plus EDTA. 7ert-butyl-hydroperoxide was
used as substrate. NADPH disappearance was monitored with a
spectrophotometer at 340 nm. One GSH-Px unit is defined as one umol of
NADPH consumed per minute and specific activity is represented as units per

mg protein.

Protein determination

Protein was measured by the method of Lowry et al. (1951) using bovine

serum albumin as standard.

Statistical analysis

Data were analyzed by one-way anaiysis of variance foliowed by Duncan
muitiple range test when the F value was significant. All analyses were
performed using the Statistical Package for the Social Sciences (SPSS) software

in a PC-compatible computer. P values less than 0.05 were considered to be

significant.
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Results

First, we tested the in vitro effect of L-histidine (1 to 10 mM) and L-B-
imidazolelactic acid (0.1 to 10mM) on TRAP, chemiluminescence and TBA-RS
(control values as mean = SEM: 29.52 + 3.02 nmol Trolox/mg protein, 1214 %
166 cps/mg protein and 0.99 + 0.03 nmol TBA-RS/mg protein, respectively).

Figure 1A shows that TRAP was significantly decreased by the presence
of L-histidine in the homogenates at 2.5, 5 and 10 mM [F(4,40)=5.16;
p<0.002]. In contrast, TRAP was not altered by L-B-imidazolelactic acid
[F(4,25)=0.09; p>0.05] (Figure 1B).

Figure 2A shows that L-histidine stimulated chemiluminescence at
concentrations of 5 and 10 mM [F(4,20)=2.82; p<0.05], whereas L-3-
imidazolelactic acid caused the same effect at 0.5 and 1 mM [F(4,15)=4.31;
p<0.01) and decreased chemiluminescence at high concentrations (5 and 10
mM) [F(4,20)=37.67; p<0.001] (Figure 2B).

Furthermore, the presence of L-histidine in the incubation medium
(Figure 3A) did not alter TBA-RS at concentration up to 10 mM [F(4,20)=1.223,;
p>0.05]. However, a significant reduction of TBA-RS was obtained when 10 mM
L-B-imidazolelactic acid was added to the incubation medium [F(4,35)=6.10;
p<0.001] (Figure 3B).

Next, we tested the effect of L-histidine and L-B-imidazolelactic acid on
the activity of the antioxidant enzymes CAT, SOD and GSH-Px (control values as
mean £+ SEM: 5.80 + 0.36 U/mg protein, 23.27 £ 1.97 U/mg protein and 19.20

+ 1.08 U/mg protein, respectively). Table 1 shows that CAT [F{4,35)=0.79;
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p>0.05], SOD [F(4,25)=1.69; p>0.05) and GSH-Px [F(4,20)=2.54; p>0.05]
activities were not altered in the presence of L-histidine. On the cther hand, we
observed an increase in the activity of SOD by 10 mM concentration of L-B-
imidazolelactic acid [F(4,20)=8.81; p<0.001], while GSH-Px [F(4,20)=2.54;
p>0.05] and CAT [F(4,35)=0.75; p>0.05] activities were not altered by this

organic acid (Table 2).

Discussion

Histidinemia is a frequent inherited metabolic disorder caused by
deficient activity of histidase, first described by Ghadimi et al. in 1961. Although
some patients affected by histidinemia are asymptomatic, a significant
proportion of others present neurclogic symptoms. However, the
pathomechanisms involved in the brain injury in these patients are yet not
established. In this context, we have previously demonstrated that histidine
administration provokes learning deficits in rats (Dutra-Filho et al.,, 1989),
suggesting that the amino acid probably provokes alterations in the brain
leading to cognitive deficit.

Since oxidative stress is invoived in the neuropathoiogy of various
neurodegenerative disorders, including Parkinson’s disease, Alzheimer’s disease,
amyotrophic lateral sclerosis, and others (Halliweli, 2001) and considering that
pro-oxidant properties have been demonstrated for histidine in various tissues
but not in brain, in the present study we investigated the role of L-histidine on

various parameters of oxidative stress in cerebral cortex of young rats.
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In this context, it is well known that the brain is especially susceptible to
oxidative damage because of its high O, consumption, highly polyunsaturated
fatty acids and iron content, and its modest antioxidant defenses (Halliwell,
1999; Halliwell, 2001).

We first observed that L-histidine provokes an increase of
chemiluminescence and a decrease of TRAP in cerebral cortex, while TBA-RS
and the antioxidant enzyme activities were not affected by the amino acid.
Considering that glutathione (GSH) is the major compound contributing to TRAP
measurement in the brain, it is conceivabie that the prominent reduction of
TRAP by histidine may have resulted from reduced levels of GSH possibly
secondary to increased free radical generation. Therefore, it is also feasible that
reduction of the amount of its substrate GSH may contribute to reduced activity
of GSH-Px.

Taken together that histidine increased chemiluminescence, a parameter
of lipid peroxidation, and decreased TRAP, which referes the nonenzymatic
antioxidant defences of a tissue, it can be presumed that high
(supraphysiological) concentrations of histidine induces in vitro oxidative stress
in cerebral cortex of rats, since this process is defined as the imbalance
between free radical production and antioxidant defences.

Our data is in line with other studies showing a pro-oxidant effect of
histidine (Oya & Yamamoto, 1988; Tachon & Giacomoni, 1989; Erickson &
Huitin, 1992; Cantoni et al., 1994b; Oya-Ohta et al.,, 2001). In contrast,

histidine seem to has protective antioxidant effects at very high concentrations
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(25 mM and above) (Obata et al.,, 1999; Obata & Inada, 1999; Obata et al.,
2000; Obata et al., 2001).

We also tested the effect of the histidine derivative L-B-imidazolelactic
acid on the same parameters. We observed that L-B-imidazolelactic acid, at the
high concentrations (5 to 10 mM), provoked a marked antioxidant effect, as
observed by the reduction of chemiluminescence and TBA-RS, and by the
increase of SOD activity. However, at low concentrations (0.5 and 1 mM), the
acid provoked the opposite effect, stimulating chemiluminescence, as occurred
with L-histidine.

Considering that the levels of L-histidine and L-B-imidazolelactic acid in
histidinemic patients are below the concentrations which provoked in vitro
stimulation of oxidative stress, at present it is difficult to presume the
involvement of oxidative stress as an underlying mechanism responsible for the
neurological findings observed in some patients affected by histidinemia.

Further in vitro and in vivo studies are however needed in order to
characterize the role of histidine and its metabolites on oxidative stress in brain.
Similarly, erythrocytes and plasma of histidinemic patients should be tested for
oxidative stress. In case positive results are achieved, the use of antioxidants as
a therapy strategy to prevent neurological symptoms should be tryed in these

patients.
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Table 1. In vitro effect of histidine on antioxidant enzyme activities in

cerebral cortex homogenates from young rats.

L-Histidine concentration {(mM)

1 2.5 5 10
CAT 98.6 + 6.8 96.1+5.6 89.8+55 89.1+4.9
GSH-Px  97.8+9.4 843+ 125 822+143 70.1%16.3
SOD 99.2 + 15.2 105.2x£ 7.4 1142+ 5.0 125.1x1.2

Results are mean + S.EM. (n=6 to 8) expressed in % of controls for
experiments performed in duplicate. No significant differences were observed
(ANOVA). CAT=catalase; GSH-Px=glutathione peroxidase; SOD=superoxide

dismutase.
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Table 2. In vitro effect of L-B-imidazolelactic acid on antioxidant

enzyme activities in cerebral cortex homogenates from young rats.

L-B-Imidazolelactic acid concentration (mM)

1 2.5 5 10
CAT 99.2 + 12.7 119.5+ 14.4 101.1 £+ 113 123.7 £ 12.6
GSH-Px 89.2 £ 10.3 784 £ 4.3 75.7 £ 6.5 69.9 + 8.0 .
SOD 89.0+£5.4 84.5 + 6.8 113.9+5.9 126.7+4.7

Results are mean + S.E.M. (n=5 to 8) expressed in % of controls for
experiments performed in duplicate. ** Significantly different from the control,
P<0.01 (Duncan multiple rang test). CAT=catalase; GSH-Px=glutathione

peroxidase; SOD=superoxide dismutase.
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Figure Legends

Figure 1. Effect of L-histidine {A) and L-p-imidazolelactic acid (B) on
total radical-trapping antioxidant potentiai (TRAP) in cerebral cortex
of young rats. Results are means + S.E.M. (4 to 9 rats) expressed in % of
controls for experiments performed in duplicate. *p<0.05 and **p<0.01
significantly different from controls (Duncan muitiple range test).

Figure 2. Effect of L-histidine (A) and L-B-imidazolelactic acid (B) on
chemiluminescence in cerebral cortex of young rats. Results are means
+ S.E.M. (4 to 9 rats) expressed in % of controls for experiments performed in
duplicate. *p<0.05 and **p<0.01 significantly different from controls (Duncan

multiple range test).

Figure 3. Effect of L-histidine (A) and L-p-imidazolelactic acid (B) on
thiobarbituric acid reactive substances (TBA-RS) in cerebral cortex of
young rats. Results are means + S.E.M. (4 to 9 rats) expressed in % of
controls for experiments performed in duplicate. **p<0.01 significantly different

from controls (Duncan multiple range test).

42



FIGURE 1

:‘
o

.;—‘ i
5 |
o |
Z |
S |
<
>
~ i
< |
= i
i

: 23 5 10
L-Histidine (mM)

140 |
© 120 - |
= ; —
= | B - .

) 100 -
© |
u—
© 80
X |
g 60 -
D-< i
S a0l
-

0.1 025 0.5 I 2.5 5 10
L -~-Imidazolelactic acid (mM)

UFRGS
Inst. Ciéncias Rasicas da Saide
Biblioteca



FIGURE 2

. 200
"5 :
E 180 |
3 160
s
< 140
) 120
o
§ 100
2 80 -
g 60 -
£ 40
5
O 20 -
O H

1 2.5 5 10
L-Histidine (mM)

Chemiluminescence (% of control)

01 025 05 ] 2.5 5 10
L -—-Imidazolelactic acid (mM)

44
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Abstract:

1

Imidazole-4-acetic acid (I4AA), a vy-aminobutyric acid (GABA)
analogue, provokes various effects on the central nervous system
consistent with a GABAergic action. Although some of its
neuropharmacological effects may be explained by the GABA-receptor
ligand properties of I4AA, the mechanisms underlying other effects
are poorly understood.

Since I4AA reduces brain ATP levels and this may provoke oxidative
stress, the main objective of the present study was to investigate the
effects of I4AA on /n vitro parameters of oxidative stress in cerebral
cortex of young rats.

Chemiluminescence, thiobarbituric acid-reactive substances (TBA-RS),
total radical-trapping antioxidant (TRAP), and catalase, glutathione
peroxidase and superoxide dismutase activities were measured in
tissue homogenates from thirty-day-old rats in the presence of I4AA
at concentrations of 1 to 10 mM.

We observed that I4AA  significantly  stimulates  the
chemiluminescence and reduces TRAP and catalase activity in
cerebral cortex homogenates. It is tempting to speculate that these
findings may reflect the involvement of oxidative stress in the

neurotoxic effects of I4AA.

Key Words: Imidazole-4-acetic acid; oxidative stress; rat brain
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Abbreviations: CAT, catalase; GSH-Px, glutathione peroxidase; I4AA,
imidazole-4-acetic acid; SOD, superoxide dismutase; TBA-RS, thiobarbituric

acid-reactive substances; TRAP, total radical-trapping antioxidant potential



Introduction

Imidazole-4-acetic acid (I4AA) is a y-aminobutyric acid (GABA) analog occuring
in brain, presenting various neuropharmacological actions in the central nervous
system (for a review see Tunnicliff, 1998; Johnston, 2002). Parenteral
administration of I4AA provokes a large range of effects such as analgesia, EEG
alterations, catalepsy, loss of reflex, induction of a sleep-like or hypnotic state,
decrease of the locomotor activity, hyperactivity, ataxia, clonic seizures, in
addition to reducing body temperature and blood pressure (Roberts &
Simonsen, 1966; Marcus et al., 1971; Freed et al, 1980; MacMillan, 1982a).
Many of the depressant effects caused by I4AA may be elicited by its ligand
properties to GABAx and GABA: receptors. I4AA alsc binds to the I;-imidazoline
receptor although its exact actions mediated by this receptor has not been
determined (Tunnicliff, 1998). I4AA is produced by the catabolism of histidine
and histamine (Lee & Yin, 1976; Thomas & Prell, 1995; Prell et al, 1997),
although in brain is not clear whether I4AA can be formed by these routes
when the precursors are at the physiological concentrations (Prell ef a/, 1996).
Although many effects of I4AA have been reported, its exact functions in the
central nervous system are unknown.

Furthermore, various biochemicai effects have been attributed to I4AA.
The administration of I14AA to animals produces brain accumulation of glucose
and intermediates of the citric acid cycle, and this has been considered a refiex

of cerebral metabolic depression {MacMillan 1982b; Bovell of 3/, 1982). In this
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context, I4AA severely reduces brain ATP levels and provokes important lactic
acidosis during hypoxia (MacMillan 1982b). Other biochemical alterations
caused by I4AA has been reported in brain, such as activation of cyclic 37,5"-
nuclectide phosphodiesterase and inhibition of GABA aminotransferase (Roberts
& Simonsen, 1970; Clifford et a/, 1973). The latter effect can be responsible for
the high levels of GABA observed after injection of I4AA (Tunnicliff, 1976).

It is well known that blockage of ATP synthesis and oxidative stress seem
to be interacting processes causing neurodegeneration (Alexi et al, 1998;
Cassarino & Bennett Jr., 1999). The central nervous system is markedly
sensitive to oxidative stress due to its high oxygen consumption, its high
content of iron and lipids, especially polyunsaturated fatty acids, and its low
antioxidant defenses (Halliwell, 1992). In addition, oxidative stress has been
related to the pathogenesis of many neurological disorders presenting
neurodegeneration, epileptic seizures, demyelination and dementia (Resnik &
Paker, 1993).

I4AA has been observed at high concentrations in humans in some
conditions, such as histidinemia. This inborn error of histidine metabolism is
caused by histidase deficient activity which provokes an increase of up to 50
times the urinary excretion of the imidazole derivatives of histidine (Levy et al,
2001). Histidinemia is considered a bening situation in most affected
individuals, although, under certain circumstances, the disorder may be harmful
to the central nervous system (Levy ef ai, 2001). In other situations, such as
experimental influenza infection and protein-energy malnutrition, a high

excretion of I4AA was also reported (Antener et al., 1983; Skoner et al., 2001).
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Since the effect of I4AA on parameters of oxidative stress has not been
evaluated in the central nervous system, in the present study we investigated
the /in vitro effect of I4AA on chemiluminescence, total radical-trapping
antioxidant potential (TRAP), thiobarbituric acid-reactive substances (TBA-RS),
and the activities of the antioxidant enzymes superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-Px) in rat cerebral cortex. We
present evidence that I4AA stimulates oxidative stress in rat cerebral cortex,
what may indicate that the role of free radicals in the mechanisms by which
I4AA elicits its pharmacological and/or toxicological actions in the central

nervous system should be considered.

Methods

Reagents and equipmernt

All chemicals were purchased from Sigma Chemical Co., St Louis, MO, USA.
Solutions were prepared using ultra pure grade water. I4AA was prepared on
the day of the experiments in the incubation medium used for each technique
and the pH adjusted to 7.4 when necessary. Chemiluminescence and TRAP
were assayed using a beta scintillation spectrometer (Packard Tricarb 2100TR
and Wallac model 1409, respectively), the enzyme activities were measured
with a double-bean spectrophotometer with temperature control (Hitachi U-
2001) and the TBA-RS were assayed using a Beckman DU 640

spectrophotometer.
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Animals

Thirty-day-old Wistar rats bred in the Department of Biochemistry, UFRGS,
were used. The dams had free access to water and to a standard commercial
chow (Germani, Porto Alegre, RS, Brazil) containing 20.5% protein
(predominantly soybean supplemented by methionine), 54% carbohydrate,
4.5% fiber, 4% lipids, 7% ash and 10% moisture. Temperature was maintained
at 24 = 1°C, with a 12-12h light/dark cycle. The experimental protocol was
approved by the Ethics Committee for animal research of the Federal University
of Rio Grande do Sul, Porto Alegre, and followed the National Institute of Health
Guide for the Care and Use of Laboratory Animals (NIH Publications 80-23,

revised 1996).

Tissue preparation

On the day of the experiments, animals were killed by decapitation without
anesthesia and the brain was immediately removed. Tissue was kept chilled
during all procedure. The olfactory bulbs and pons/medulla were discarded and
the cerebral cortex was isolated and weighed. Tissue was homogenized 1:10
(w/v) in the incubation medium used for each technique and centrifuged at
1000 g for 10 minutes at 4 °C, and the supernatant was immediately used for

the measurements.

UFRGS >3

Inst. Ciéncias Basicas da Saude
Bibliotecs



In vitro experiments

Tissue homogenates were incubated for 1 hour at 37 °C on the presence of
I4AA. Controls were incubated with medium only. The final concentration of
I4AA in the incubation medium ranged from 1 to 10 mM. After incubation,
aliquots were taken to measure chemiluminescence, TBA-RS and TRAP. To test
the action of I4AA on the enzymatic antioxidant defenses CAT, SOD and GSH-
Px, the acid was added to the incubation medium used to assay each enzyme

activity without previous incubation with tissue homogenate.

TBA-RS assay

Measurement of TBA-RS was performed according to Esterbauer and
Cheeseman (1990). Briefly, the tissue sample is mixed with two volumes of cold
10% (w/v) trichloroacetic acid (TCA) to precipitate protein. The precipitate is
pelleted by centrifugation (10 minutes at 1000 g) and an aliquot of the
supernatant is added to equal volume of 0.67% (w/v) TBA in a boiling water
bath for 25 min. A standard curve is prepared using malondialdehyde
bisdiethylacetal as the source of malondialdehyde (MDA). After cooling, the
absorbance is read at 532 nm. TBA-RS were represented as nmol per mg

protein.

Chemiluminescence assay

Samples were assayed for chemiluminescence in a dark room by the method of

Gonzalez-Flecha et a/ (1991). Incubation flasks contained 3.5 ml of medium
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consisting of 20 mM sodium phosphate, pH 7.4, and 140 mM KCl. The
background chemiluminescence was measured and 0.5 ml of homogenates
immediately added. Chemiluminescence was measured for 10 minutes at room
temperature. The background chemiluminescence was subtracted from the total

value and results are represented as cps per mg protein.

TRAP assay

TRAP was measured according the method described by Lissi ef al (1992).
TRAP represents the total antioxidant capacity of the tissue and was
determined by measuring the luminol chemiluminescence intensity induced by
2,2'-azo-bis(2-amidinopropane) (ABAP) at room temperature. Four mi of 10 mM
ABAP in 0.1 M glycine buffer pH 8.6 were then added to the vial and the
background chemiluminescence was measured. Ten ul of 4 mM luminol were
then added and the chemiluminescence was measured. This was considered to
be the initial value. Ten ul of 80 uM Trolox or homogenates was added and
chemiluminescence was measured until it reached the initial levels. The addition
of Trolox or tissue homogenate to the incubation medium reduces the
chemiluminescence. The time necessary to return to the levels present before
the addition was considered to be the induction time. The induction time is
directly proportional to the antioxidant capacity of the tissue and was compared

to the induction time of Trolox. The results are reported as nmol of Trolox per

mg protein.
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Catalase assay

CAT activity was assayed by the method of Aebi (1984), which is based on the
disappearance of H,0, at 240 nm. One unit is defined as one umol of hydrogen
peroxide consumed per minute and the specific activity reported as units per

mg protein.

Superoxide dismutase assay

SOD activity was assayed by method of Markiund (1984). Cerebral tissue was
homogenized 1:10 (w/v) in 50 mM Tris-HCI buffer pH 8.2 containing 1 mM
EDTA. This method is based on the pyrogallol autoxidation which is followed at
420 nm. The pyrogallol autoxidation is highly dependent on O™ and is inhibited
by the presence of SOD. One unit of SOD activity is defined as the amount of
SOD that inhibits 50% the pyrogallol autoxidation. The specific activity is

represented as units per mg protein.

Glutathione peroxidase assay

GSH-Px activity was measured by the method of Wendel (1981), except for the
concentration of NADPH, which was adjusted to 0.1 mM after previous tests
performed in our laboratory. Tissue homogenized 1:10 (w/v) in 10 mM
potassium phosphate buffer pH 7.7 plus EDTA. 7ert-butyl-hydroperoxide was
used as substrate. NADPH disappearance was monitored with 2a

spectrophotometer at 340 nm. One GSH-Px unit is defined as one umol of



NADPH consumed per minute and specific activity is represented as units per

mg protein.

Protein determination

Protein was measured by the method of Lowry et a/ (1951) using bovine serum

albumin as standard.

Statistical analysits

Data were analyzed by one-way analysis of variance followed by Duncan
multiple range test when the F value was significant. All analyses were
performed using the Statistical Package for the Social Sciences (SPSS) software
in a PC-compatible computer. P values less than 0.05 were considered to be

significant.

Results

First, we tested the effect of I4AA on TRAP, chemiiuminescence and TBA-RS.
After 1 h incubation of the cerebral cortex homogenates in the presence of
I4AA, aliquotes were taken to carry out the measures. Control values (mean %
SEM) for TRAP, chemiluminescence and TBA-RS were 24.80 = 1.43 nmol
Trolox/mg protein, 380 = 17.29 cps/mg protein and 0.92 = 0.06 nmol TBA-

RS/mg protein, respectively. I4AA significantly decreased TRAP (Figure 1)
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[F(4,30)=4.30; p<0.01] in a dose-dependent manner [B=-0.581; p<0.001].
Chemiluminescence (Figure 2) was increased by I4AA [F(4,25)=23.02;
p<0.001] and this effect was dose-dependent [B=0.883; p<0.001]. On the
other hand, I4AA did not affect TBA-RS (Figure 3) [F(4,30)=0.376; p>0.05].

To study the impact of I4AA directly on the activity of the antioxidant
enzymes, the measurement of CAT, GSH-Px, and SOD activities were carried
out in cerebral cortex homogenates in the presence of I4AA without previous
incubation. Control values (mean + SEM) for CAT, GSH-Px and SOD activities
were 4.86 £+ 0.24 U/mg protein, 16.50 £ 1.11 U/mg protein and 17.71 = 1.62
U/mg protein, respectively. 14AA significantly decreased CAT activity (Figure 4)
[F(4,35)=8.98; p<0.001] in cerebral cortex at concentrations of 5 mM and
above in a dose-dependent manner [B=-0.71; p<0.001]. On the other hand,
I4AA did not affect the activities of GSH-Px (Figure 5) [F(4,25)=1.03; p>0.05]

and SOD (Figure 6) [F(4,25)=0.36; p>0.05] /n vitro.

Discussion

A depressant effect of I4AA on the central nervous system which appears
to be mediated through its action on GABAergic receptors has been
documented (Bowery & Jones, 1976; Freed ef a/, 1980, MacMilian 1982a; Qian
& Dowling, 1994). Deleterious effects of this drug on the energy metabolism of
neuronal celis have been aiso reported (MacMillan 1982b; Bovell et a/, 1982).
Deficit of ATP synthesis can result in increased reactive oxygen species

production and altered calcium homeostasis, which in turn can potentially cause



cell death (Cassarino & Bennet Jr., 1999). Free radicals can be very damaging
to cells, leading to oxidation of essential celiular constituents such as lipids,
proteins and DNA, which can be measured by identification of their by-
products. The brain is particulary susceptible to oxidation by these highly
reactive species, because of the high content of polyunsaturated fatty acids in
the mitochondrial and plasma membranes and also due to its reiatively poor
antioxidant defences. Oxidative damage to proteins may also impair Krebs cycle
and respiratory chain activities, which in turn enhance reactive oxygen species
generation leading to oxidative damage in a vicious cycle (Alexi et a/, 1998).
Concomitant reduction of ATP may ultimately cause diminished Na*/K*-ATPase
activity leading to membrane depolarization and loss of cellular homeostasis,
further contributing to cell death. These mechanisms seem to act together in a
number of neurodegenerative disorders, such as Parkinson’s disease,
Huntington’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis, and
also in aging (Cassarinc & Bennet Jr., 1999; Alexi ef a3/, 1998). Another
consequence of ATP deficiency from damaged mitochondrial function is
depletion of cellular glutathione, another important factor in continuing and
increasing oxidative stress in the brain (Bains & Shaw, 1997).

So, it is feasible to suppose that the impairment of energy metabolism
attributed to I4AA may lead to free radical production, consequently causing
neuronal damage. In addition, the study of the mechanisms responsibie for the
I4AA action in brain may contribute to better understand the behavioral and
electroencephalographic disturbances observed in animals under I4AA influence

(Roberts & Simonsen, 1966; Freed ef a/, 1980).
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In this study we demonstrate that I4AA stimulates chemiluminescence and
reduces TRAP and catalase activity in rat cerebral cortex or, in other words,
provokes a state known as oxidative stress which is characterized by an
unbalance between pro-oxidants and antioxidants. In addition, a dose-
dependent effect was observed on all parameters altered by I4AA, what may
indicate the potential increasing toxicity of this substance relatively to its
concentration. To our knowledge, this is the first report showing that I4AA
affects oxidative stress parameters in brain. The effects of compounds
possessing an imidazole ring in its chemical structure on free radical production
are ambiguous. Some investigators demonstrated that histidine, a imidazole
amino acid, potentiates the cytotoxicity mediated by hydrogen peroxide (Ova
and Yamamoto, 1988; Cantoni et 4/, 1994) and induces lipid peroxidation in
sarcoplasmic reticulum (Erickson and Hultin, 1992). In contrast, antioxidant
properties of imidazole-containing dipeptides, such as carnosine, have been
extensively known (Boldyrev, 1990).

I4AA accumulates in histidinemia, an inherited metabolic disorder caused
by histidase deficiency, in which histidine, imidazolepyruvic acid and
imidazolelactic acid also accumulate in blood and tissues. The amount of I4AA
in urine of histidinemic patients is up to fifty-foid greater than those of normal
individuals. Although many affected individuals are clinically normal, a
considerable number of others have neurologic abnormalities (Levy et 4/,
2001). However, maximal concentrations of I4AA which may be reached in
brain of these patients, especially during crises, are not known. Assuming that

the levels of 14AA in histidinemic patients are below the concentrations which
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provoked in vitro stimulation of oxidative stress reported in this study, at
present it is difficult to presume the involvement of oxidative stress as an
underlying mechanism responsible for the neurological findings observed in
these patients.

In conclusion, the results of the present study indicate that oxidative
stress is one of the potential mechanisms by which I4AA elicits its neurotoxic
action in brain. Considering that I4AA accumulates in histidinemia but its
cerebral levels in this situation is unknown, we suggest that oxidative stress
parameters should be monitored in histidinemic patients. Additional studies on
the influence of I4AA on the /n vivo production of free radicals and antioxidant
defenses in brain should be also carried out in order to confirm and better

characterize our present /n vitro findings.
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Figure Legends

Figure 1 Effect of imidazole-4-acetic acid on total radical-trapping antioxidant
potential (TRAP) in cerebral cortex of young rats. Results are means + S.E.M.
(n=7) expressed in % of controls for experiments performed in duplicate.

*p<0.05 and **p<0.01 significantly different from controls (Duncan multiple

range test).

Figure 2 Effect of imidazole-4-acetic acid on chemiluminescence in cerebral
cortex of young rats. Results are means + S.E.M. (n=6) expressed in % of
controls for experiments performed in duplicate. *p<0.05 and **p<0.01

significantly different from controls (Duncan multiple range test).

Figure 3 Effect of imidazole-4-acetic acid on thiobarbituric acid-reactive
substances (TBA-RS) in cerebral cortex of young rats. Results are means *
S.E.M. (n=7) expressed in % of controls for experiments performed in

duplicate. No significant differences from controls were observed (ANOVA).

Figure 4  Effect of imidazole-4-acetic acid on catalase (CAT) activity in
cerebral cortex of young rats. Results are means + S.E.M. (n=8) expressed in

% of controls for experiments performed in duplicate, *p<0.05 and **p<0.01

significantly different from controls (Duncan multiple range test).
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Figure 5 Effect of imidazole-4-acetic acid on glutathione peroxidase (GSH-Px)
activity in cerebral cortex of young rats. Results are means + S.E.M. (n=6)
expressed in % of controls for experiments performed in duplicate. No

significant differences from controis were observed (ANOVA).

Figure 6 Effect of imidazole-4-acetic acid on superoxide dismutase (SOD)
activity in cerebral cortex of young rats. Results are means + S.E.M. (n=6)
expressed in % of controls for experiments performed in duplicate. No

significant differences from controls were observed (ANOVA).
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IV. DISCUSSAO



Alguns efeitos da histidina sobre parametros reiacionados a estresse
oxidativo ja foram descritos. A histidina aumenta os efeitos clastogénicos do
perdxido de hidrogénio em cromossomos e em cromatide de fibroblastos
embrionarios humanos (Oya e Yamamoto, 1988), estimula a lipoperoxidacdo
em reticulo sarcoplasmatico, na presenca de ferro (Erickson & Hultin, 1992) e
aumenta a toxicidade do perdxido de hidrogénio sobre células em cultura,
levando a quebra de fitas duplas e simples de DNA e morte celular (Cantoni et
al., 1994).

A histidinemia, desordem do metabolismo da histidina devido a
deficiéncia na atividade da enzima histidase, tem como conseqliéncias
bioquimicas do biogueio metabdlico: aumento das concentracdes de histidina e
seus metabdlitos (4cido imidazolpirGvico, &cido imidazolatico e 4acido
imidazolacético) na urina, aumento de histidina de quatro a vinte vezes no
sangue, aumento das concentragdes de histidina no liquido cefaloraquidiano e
deficiéncia de acido urocanico. Em pacientes sintomaticos, ha alguns casos em
que ocorre retardo mental e defeitos na fala (Levy et al., 2001). A histidase,
uma enzima citosolica, é expressa com alta atividade no figado de toda espécie
animal e em pele de muitos mamiferos (Dhanam et al., 1976; Bhargava et al,,
1976; Baden et al.,1969). O Acido urocanico é particularmente deficiente na
pele nos pacientes histidinémicos (Levy et al.,, 1995). Dois diferentes papéis
para o acido urocanico na epiderme tém sido propostos, um €& de ser um
protetor natural contra a luz ultravioleta, o outro é um mediador da supressao
do sistema imune induzido por luz UV (Morrison, 1985; Norval et al., 1989).

Estudos relatam que o &cido urocanico € um bom scavenger de radical hidroxil
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(Kammeyer et al.,, 1999). Isto sugere a possibilidade de pacientes
histidinémicos terem um status antioxidante diminuido. Além disso, estudos
sugerem que L-histidina aumenta a incorporacao de Hx02 para dentro das
células e acentua formagdo de 8-oxodeoxiguanosine por UV-C mais H202, mas
nao por H202 apenas (Yoa-ohta et al., 2001).

A neurofisiopatologia da doenca ndac é bem conhecida, por isso
resolvemos estudar o efeito da histidina e seus metabdlitos, acido
imidazolacético, acido imidazolatico e carnosina, sobre pardmetros de estresse
oxidativo.

Neste estudo, nds observamos que a histidina causou um aumento na
quimioluminescéncia e uma redugdo no TRAP em cortex cerebral ratos jovens.
A alteracao de ambos os parametros acima é um forte indicativo que a histidina
aumenta o estresse oxidativo no cérebro de ratos sendo gue este processo €
definido como um desequilibrio entre producac de radicais livres e das defesas
antioxidantes. A medida de TBA-RS nao foi alterada pela histidina.

De fato, o sistema nervoso central é especialmente sensivel a espécies
ativas de oxigénio (EAQ): o cérebro é um dérgdo metabolicamente muito ativo, €
responsavel por aproximadamente 20% do consumo basal de oxigénio, tem
alto contetido de ferro, grande quantidade de lipidios insaturados e baixas
defesas antioxidantes. Varias doencas neurodegenerativas, tais como a doenga
de Parkinson, doenca de Aizheimer, escierose amiotrofica lateral, entre outras,
tém sido associadas com estresse oxidativo (Halliwell, 2001).

Foi também testado o efeito da histidina sobre a atividade das principais

enzimas responsaveis pelas defesas antioxidantes, em homogeneizado de
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cortex cerebral de ratos jovens. A histidina nao alterou a atividade de nenhuma
das enzimas antioxidantes, a saber superdxido dismutase, catalase e glutationa
peroxidase.

O 4cido  imidazolacético  (IAA) produz  diversos  efeitos
neurofarmacoldgicos, como analgesia, perda de reflexo e efeitos hipndticos em
camundongos e diversas outras espécies (Roberts e Simonsen, 1966). Outros
estudos mostram que o IAA estd relacionado com alteragoes
eletroencefalograficas que sugerem excitacdo cortical. Foi observado que, assim
como a  histidina, o acido imidazolacético (IAA) aumentou a
guimioluminescéncia e diminuiu o TRAP em homogeneizado de cortex cerebral
de ratos jovens. Nas duas técnicas mencionadas acima o efeito do acido
imidazolacético foi dose-dependente. Nds também observamos que o IAA nao
afeta a medida de TBA-RS. O IAA nas concentragles de 5 e 10 mM diminuiu a
atividade da catalase de uma maneira dose-dependente, sendo que as
atividades da superéxido dismutase e da glutationa peroxidase nao foram
alteradas por este acido, mostrando o efeito especifico do acido.

O écido imidazolatico alterou as medidas de lipoperoxidacao, diminuindo
as TBA-RS na concentracdo de 10,0 mM e a quimioluminescéncia nas
concentragdes de 5,0 e 10,0 mM (o que indica um efeito antioxidante). Por
outro lado, a quimioluminescéncia foi aumentada pelo acido nas concentragoes
de 0,5 e 1,0 mM (o que indica um efeito oxidante). Estes resultados indicam
que o acido imidazolatico apresenta um efeito protetor /i wviro em
concentracles acima de 5,0 mM. Aiém disso, nds observamos que o &cido

imidazolatico aumenta a atividade de SOD na concentracdo de 10,0 mM. As

79



atividades das enzimas catalase e glutationa peroxidase, nao foram alteradas
na presenga do acido imidazolatico. Esses resultados sugerem o efeito protetor
do ILA também nas defesas antioxidantes enzimaticas, mais especificamente
aumentando a atividade da SCD.

Nos também testamos o efeito da carnosina em homogeneizado de
cortex cerebral de ratos jovens sobre alguns parametros de estresse do
oxidativo. A carnosina € um dipeptidio derivado da histidina, sendo um
neuroprotetor endogeno contra a agao de radicais livres (Boldyrev et al., 1997).
A carnosina nao tem efeito significativo sobre o TRAP, tal como descrito
anteriormente por Salim-Hanna et al., 1991, em um estudo que mostra que a
adicao de carnosina até 17 mM ndo produz qualquer protecdo antioxidante
significativa na medida do TRAP.

Contudo, na quimioluminescéncia em concentragdes de 1,0 a 10,0 mM, a
carnosina apresentou efeito protetor em homogeneizado de cortex cerebral de
ratos jovens. Na medida de TBA-RS, como previamente relatado (Hipkiss et al,,
1997), a carnosina tem efeito protetor nas concentracoes de 5,0 e 10,0 mM.

Em contraste ac efeito prooxidante da histidina i vitro visto em c6rtex
cerebral de ratos jovens sobre varios parametros de estresse oxidativo
(aumento da quimioluminescéncia e diminuicdo do TRAP) e do efeito também
prooxidante do acido imidazolacético (que diminui o TRAP, aumenta a
quimioluminescéncia e diminui a atividade da catalase), os outros metabdlitos
da histidina estudados, o acido imidazoldtico e a carnosina, tém efeito
antioxidante em varios paradmetros de estresse oxidativo, mas apenas nas

concentracoes mais altas utilizadas.
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Na histidinemia, as concentractes de histidina no sangue variam de 290
a 1420 uM (normal, 70 para 120 uM) (Levy, 1989; Levy et al., 1974). A
histidina também estd aumentada no liquido cefaloraquidiano. Wadman et al.
(1967) encontrou um aumento de dez vezes na concentragao de histidina no
liquido cefaloraquidiano em um paciente, com valores de 142 e 129 uM
comparado com o valor normal de 13 uM (Wadman et al., 1967). Na urina, 0s
valores dos metabdlitos da histidina, acidos imidazolatico e imidazolacético
estdo de 5 a 50 vezes mais altos do que o normal (Wadman et ai., 1971). Em
contraste a sua presenca na urina, esses metabdlitos ndo sdo detectados no
sangue, provavelmente porque ha pouca ou nenhuma capacidade para sua
reabsorcao renal (Levy et al., 2001). A carnosina também é relatada por estar
aumentada na histidinemia (Carton et al., 1970).

Em alguns estudos, a histidina parece ter efeito protetor, porém este
efeito é visto em concentracles de 25 mM ou em valores acima deste (Obata et
al., 1999; Cbata et al., 1999; Obata et al., 2000; Obata et al., 2001). Por outro
lado, em outros estudos mostrando o efeito prooxidante da histidina, foram
usadas concentracdes em geral mais baixas do que as utilizadas neste trabalho.
A L-histidina (0,05 mM) aumenta os efeitos clastogénicos do peroxido de
hidrogénio em cromossomos e em cromatide de fibrobiastos embrionarios
humanos (Oya & Yamamoto, 1988), aumenta a degradacao de DNA por H202
em niveis em 0,1 para 1 mM (Tachon & Giacomoni, 1989), media 0 aumento do
peréxido de hidrogénio induzindo citotoxicidade e formacdo de quebra de fitas
de DNA em concentracaio de 1 mM (Cantoni et al, 1994), e induz

lipoperoxidacdo em reticule sarcoplasmatico em concentragfes acima de 2.5

81



mM (Erickson & Hultin, 1992). Além disso, a histidina (0,3 mM) media o
aumento de H202 induzindo citotoxicidade em culturas de células de mamiferos
e em niveis em 0,05 a 0,2 mM aumenta a entrada de H202 para dentro das
células e acentua a formagdo de 8-oxodeoxiguanosine induzida por UV-C mais
H202 (Yoa-Ohta et al., 2001).

Juntamente, estes trabalhos sugerem que a histidina em concentragdes
baixas, tem efeito prooxidante. Portanto, o efeito prooxidante da histidina deve
ser mais importante que o efeito antioxidante de seus metabdiitos, acido
imidazolatico e carnosina considerando as concentracdes relacionadas a
histidinemia.

Por outro iado, nossos resultados sugerem que a histidina /n vitro induz
estresse oxidativo apenas em concentracdes acima de 2,5 mM. Se os efeitos
apresentados neste trabalho estdao envolvidos na fisiopatologia cerebral de
pacientes histidinémicos sintomaticos € uma questdo que permanece ainda em
aberto. Portanto, mais estudos sdo necessarios para melhor caracterizar o papel
de histidina e seus metabdlitos scbre estresse oxidativo no sistema nervoso

central, em especial na histidinemia.
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Este trabalho possibilitou as seguintes conclusoes:

A L-histidina aumentou a quimioluminescéncia e reduziu o TRAP, porém
nao altercu as medidas de TBA-RS. A L-histidina ndo alterou significativamente
as atividades das enzimas antioxidantes catalase, superdxido dismutase e
glutationa peroxidase.

O acido imidazol-4-acético aumentou a quimioluminescéncia e reduziu o
TRAP, e nao alterou as medidas de TBA-RS. O acido imidazol-4-acético diminuiu
a atividade da enzima catalase, mas nao alterou as atividades das enzimas
superdxido dismutase e glutationa peroxidase. Todos os efeitos demonstrados
foram dose-dependente.

O 4cido imidazolatico aumentou a quimioluminescéncia nas
concentragdes de 0,5 e 1 mM e diminui a quimioluminescéncia nas
concentracdes a partir de 5 mM, assim como reduziu as medidas de TBA-RS na
concentracdo de 10 mM. O TRAP né&o foi alterado pelo acido organico. O acido
imidazolatico aumentou a atividade da enzima superodxido dismutase, mas nao
alterou as atividades das enzimas catalase e glutationa peroxidase.

A carnosina diminuiu a quimioluminescéncia em todas as concentracoes
testadas de maneira dose-dependente. A carnosina também diminuiu a medida

de TBA-RS, porém ndo alterou o TRAP.
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VI. ANEXOS



A carnosina é um dipeptidio derivado da histidina conhecido como
neuroprotetor enddgeno contra radicais livres (Boldyrev et al., 1997). Nesta
parte do trabalho, foi testado o efeito /n vitro da carnosina sobre parametros de
estresse oxidativo em homogeneizado de cortex cerebral de ratos jovens.

A figura VII.1 mostra que a carnosina nas concentracdes de 1, 2,5, 5 e
10 mM nado altera o TRAP [F(4,25)=0,37; p>0,05]. Estes resultados estdo de
acordo com outros autores que ja descreveram que a carnosina, em
concentracbes de até 17 mM, nado produz efeitos significativos sobre o TRAP
(Salim-Hanna et al., 1991).

A figura VII.2 mostra que a carnosina em concentragdes de 1 a 10 mM
diminui a quimioluminescéncia de uma maneira dose-dependente
[F(4,25)=36,68;, p=-0,89; p<0,001], confirmando o efeito neuroprotetor da
carnosina (Boldyrev et al., 1997).

A figura VII.3 mostra que a carnosina nas concentracoes de 5 e 10 mM
diminui a medida de TBA-RS [F(4,25)=36,86; p<0,001], também de uma
maneira dose-dependente (B=-0,86; p<0,001). Este resultado, juntamente com

o anterior, demonstra que a carnosina tem efeito protetor contra 2

lipoperoxidacao /in vitro.
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Figura VII.1 Efeito da carnosina nas concentracdes de 1, 2,5, 5 e 10 mM sobre 0 TRAP em
homogeneizado de cortex cerebral de ratos. Resultados expressos em média + erro padrdo,
representados em % do controle (n=6 ratos). Ndo houve diferenca significativa em relacdo aos
controles pela ANOVA.
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Figura VII.2 FEfeito da carnosina nas concentracdes de 1, 2,5, 5 e 10 mM sobre a
quimioluminescéncia em homogeneizado de cortex cerebral de ratos. Resuitados expressos em
média + erro padrdo, representados em % do controle (n=6 ratos). Asteriscos indicam
diferenca significativa em relacdo ao controle pelo teste de Duncan (*p< 0,05; **p< 0,01).
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Figura VIL.3 Efeito da carnosina nas concentragdes de 1, 2,5, 5 e 10 mM sobre as TBA-RS
em homogeneizado de cortex cerebral de ratos. Resultados expressos em média + erro padrao,
representados em % do controle (n=6 ratos). Asteriscos indicam diferenca significativa em
relacdo ao controle pelo teste de Duncan (**p< 0,01).
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