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RESUMO

A Doencga do Xarope do Bordo (DXB) é um erro inato do metabolismo
causado pela deficiéncia na atividade do complexo da desidrogenase dos a-
cetoacidos de cadeia ramificada. Como consequéncia deste bloqueio ocorre o
acumulo dos aminoacidos de cadeia ramificada leucina, isoleucina e valina,
bem como de seus respectivos a-cetoacidos e a-hidroxiacidos de cadeia
ramificada. A manifestacao clinica da DXB varia da forma classica severa a
formas variantes moderadas. Os principais sinais clinicos laboratoriais
apresentados pelos pacientes com DXB incluem cetoacidose, hipoglicemia,
recusa alimentar, opistétono, apnéia, ataxia, convulsdes, coma, atraso no
desenvolvimento psicomotor e retardo mental. No entanto, os mecanismos
responsaveis pelos sintomas neuroldgicos apresentados pelos pacientes com
DXB ainda sado pouco conhecidos. O tratamento para DXB consiste na
restricdo da ingestdo de proteinas, bem como dos aminoacidos leucina
isoleucina e valina, suplementada com uma féormula semi-sintética contendo
aminodacidos essenciais, minerais e vitaminas. Estudos in vitro tém
demonstrado que os aminoacidos de cadeia ramificada e seus respectivos -
cetoacidos acumulados na DXB estimulam a lipoperoxidagcdo e reduzem as
defesas antioxidantes em cortex cerebral de ratos. O objetivo deste estudo foi
investigar se o estresse oxidativo ocorre em pacientes com DXB em tratamento
ou ainda néo tratados. Inicialmente, foram analisados parametros de estresse
oxidativo em amostras de plasma de pacientes com DXB obtidas antes do
inicio do tratamento (no diagnostico). Foi observado um aumento significativo
das espécies reativas ao acido tiobarbiturico (TBARS) e uma diminuigéo

significativa da reatividade antioxidante total (TAR). Em seguida foram



avaliados parametros de estresse oxidativo em plasma de dois grupos de
pacientes com DXB em tratamento dietético com niveis plasmaticos baixos e
altos de leucina. Verificou-se um marcado aumento do TBARS e uma
diminuicao significativa do TAR em ambos os grupos de pacientes tratados,
porém a reducido do TAR foi mais pronunciada nos pacientes com baixos niveis
sanguineos de leucina. Além disso, nao foi observada correlagédo entre os
niveis de leucina, isoleucina ou valina com os parametros de estresse
oxidativo. Em continuidade ao trabalho, foram estudados os niveis de selénio
no plasma de pacientes com DXB antes e durante o tratamento dietético, bem
como a atividade de enzimas antioxidantes em eritrocitos de pacientes em
tratamento. Foi verificado que os pacientes com DXB apresentam uma
deficiéncia moderada de selénio no momento do diagnéstico (antes do
tratamento) da doenga e que essa deficiéncia se agrava com o tratamento
dietético. Ainda, verificou-se que a atividade da enzima glutationa peroxidase
esta diminuida em eritrocitos de pacientes em tratamento. Posteriormente,
foram medidos varios parametros bioquimicos em plasma de pacientes com
DXB tratados, com o objetivo de verificar se havia correlagdo destes com
parametros de estresse oxidativo. Foi demonstrado que os pacientes com DXB
em tratamento apresentam redugdo nos niveis séricos de glicose, colesterol
total, creatinina sérica e albumina e aumento na atividade enzimatica da
aspartato aminotransferase e da lactato desidrogenase. Entretanto, ndo foram
observadas alteracbes nos niveis de colesterol HDL, colesterol LDL,
triglicerideos, alanina aminotransferase, creatina quinase, uréia e acido urico.
Foi ainda verificado um aumento significativo de TBARS e uma diminui¢cao

significativa de TAR, bem como uma correlagdo positiva entre a medida de



TBARS e os niveis de triglicerideos. Concluindo, nossos resultados indicam
que existe um desequilibrio entre a produgao de radicais livres (aumento) e as
defesas antioxidantes (diminui¢ao) gerando estresse oxidativo em pacientes
com DXB nado tratados e em tratamento e que esse processo ndo esta
correlacionado com os niveis plasmaticos dos aminoacidos leucina, isoleucina
e valina acumulados nesta doenca. Além disso, verificamos que a deficiéncia
de selénio e a concomitante diminuigdo da atividade da glutationa peroxidase
podem estar associados ao desenvolvimento do estresse oxidativo nesta
doenca. E, portanto, possivel inferir que o dano oxidativo contribua, pelo menos
em parte, para a fisiopatologia desta doenga, explicando o dano neurolégico
que ocorre nos pacientes afetados. Portanto, € possivel que a administragao de

antioxidantes possa ser util na DXB.



ABSTRACT

Maple Syrup Urine Disease (MSUD) is an inborn error of metabolism
caused by a deficiency of the branched-chain a-keto acid dehydrogenase
complex activity. This blockage leads to accumulation of the branched-chain
amino acids leucine, isoleucine and valine, as well as their corresponding o-
keto acids and a-hydroxy acids. Clinical manifestations are variable, pending on
the variants classical severe form to milder variants. The major clinical features
presented by MSUD patients include ketoacidosis, hypoglycemia, poor feeding,
opisthotonos, apnea, ataxia, convulsions, coma, psychomotor delay and mental
retardation. However, the mechanisms of the neurological symptoms presented
by MSUD patients are still poorly understood. MSUD treatment consists of a low
protein diet and a semi-synthetic formula poor in leucine, isoleucine, and valina
and supplemented by essential amino acids minerals and vitamins. Studies
have been showed that the branched-chain amino acids and their
corresponding brached-chain a-keto acids accumulating in MSUD stimulate in
vitro lipid peroxidation and reduce antioxidant defences in cerebral cortex of
rats. The objective of the present study was to investigate oxidative stress
parameters in MSUD patients treated and non-treated. First, it was analyzed
parameters of oxidative stress in plasma from non-treated MSUD patients. It
was observed a significant increase of thiobarbituric acid-reactive species
(TBARS) and a marked reduction in total antioxidant reactivity (TAR).
Parameters of oxidative stress in plasma from two groups of MSUD patients
under dietetic treatment with low and high blood leucine levels were also
evaluated. It was verified an increase of TBARS and a significant decrease of

TAR in both groups of MSUD patients. However, TAR reduction was higher in



the group presenting low leucine levels. On the other hand, it was not found a
correlation between leucine, valine and isoleucine levels and oxidative stress
parameters. Selenium levels in plasma from MSUD patients at diagnosis (non-
treated) and under treatment, as well as the activities of antioxidant enzymes in
erythrocytes from treated patients were also determined. MSUD patients
presented a significant selenium deficiency at diagnosis which becomes more
pronounced during treatment and a decrease of erythrocyte glutathione
peroxidase activity during treatment. Subsequently, it was evaluated various
biochemical parameters in plasma from MSUD patients during treatment in
order to verify if there was correlation between these parameters and oxidative
stress. It was demonstrated that MSUD patients under treatment present a
reduction of glucose, total cholesterol, albumin and creatinine levels and an
increased activity of aspartate aminotransferase and lactate dehydrogenase.
However, HDL cholesterol, LDL cholesterol, triglycerides, alanine
aminotransferase, creatine kinase, urea and uric acid measurements were not
altered. Besides, it was verified a significant increase of TBARS and a
significant decrease of TAR, as well as a positive correlation between TBARS
and triglycerides levels. In summary, our results suggest an imbalance between
the production of free radicals and the antioxidant defenses in MSUD patients
leading to oxidative stress at diagnosis and during treatment and that this is not
correlated with the amino acids leucine, isoleucine and valine accumulating in
this disease. Besides, the selenium deficiency and the decrease of erythrocyte
glutathione peroxidase activity could be associated to the development of

oxidative stress. Finally, it is possible that oxidative damage may contribute, at



least in part, to the pathophysiology of this disorder. If that is the case,

antioxidants may serve as an adjuvant therapy in MSUD
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l. INTRODUGCAO

1.1 Erros inatos do metabolismo

O termo erros inatos do metabolismo (EIM) foi proposto pela primeira
vez por Archibald Garrod em 1908, a partir de seus estudos em pacientes com
alcaptonuria. Garrod observou que os individuos afetados por esta doenca
excretavam na urina quantidades aumentadas de acido homogentisico e que
esta peculiaridade era encontrada em diversos membros de uma mesma
familia. Além disso, os pais dos afetados tinham, geralmente, parentesco
consanguineo préximo (Waber, 1990). Baseado nessas observagdes, Garrod,
juntamente com o geneticista inglés Bateson, sugeriu um modelo de heranga
autossdmica recessiva para esse disturbio, e, ainda, que a alcaptonuria e
outras anormalidades metabdlicas herdadas eram raras e incomuns (Waber,
1990; Scriver et al., 2001).

Desde os estudos de Garrod, muitos pesquisadores tém detectado
novas doengas metabdlicas hereditarias e os erros inatos do metabolismo ja
foram descritos em todas as areas do metabolismo humano (aminoacidos,
lipidios, acidos orgéanicos, carboidratos etc.) (Scriver et al., 2001).

Os EIM sao individualmente raros, porém sao frequentes quando
analisados em conjunto, atingindo um a cada mil nascidos vivos (Gimenez-
Sanchez et al., 2001). Estas doengas correspondem a cerca de 10% de todas
as doencgas genéticas e, atualmente, ja foram descritos aproximadamente 500
disturbios envolvendo defeitos na sintese, degradacéo, transporte e

armazenamento de moléculas no organismo (Gimenez-Sanchez et al., 2001).
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Esses defeitos hereditarios do metabolismo devem-se a anormalidades
na sintese de uma proteina, geralmente um enzima, alterando suas fungdes. A
auséncia ou a deficiéncia severa de atividade enzimatica leva a um bloqueio
metabdlico com acumulo de substratos e seus derivados. Dependendo da
importancia da rota afetada, este bloqueio repercute de forma clinica variavel,
geralmente provocando sintomatologia grave, que na maioria das vezes afeta o
sistema nervoso central (SNC) (Scriver et al, 2001).

Os EIM podem ser classificados de diversas maneiras, como pela idade
de apresentacgao ou pela area do metabolismo afetada. A classificacdo descrita
por Saudubray e Charpentier (2001) estabelece trés grandes grupos de EIM:
disturbios de sintese ou degradacdo de macromoléculas complexas, incluindo
as doencas lisossdOmicas de depdsito (ex: doenga de Gaucher, doenga de
Fabry etc.) e as desordens peroxissomais (ex: adrenoleucodistrofia ligada ao X,
doenca de Refsum etc.); doengcas com deficiéncia de energia, incluindo
doengas de depodsito de glicogénio, defeitos de gliconeogénese, acidemias
lacticas congénitas, defeitos de oxidagdo de acidos graxos e doengas
mitocondriais de cadeia respiratéria; e erros inatos do metabolismo
intermediario, que incluem as aminoacidopatias (ex: doenga do xarope do
bordo, fenilcetonuria etc.), as acidemias orgénicas (ex: acidemia propidnica,
acidemia metilmaldnica etc.), os defeitos no ciclo da uréia (ex: citrulinemia,
argininemia etc.) e as intolerancias a agucares (ex: galactosemia etc.). Neste
ultimo grupo de doengas pode ocorrer intoxicagdo aguda ou crdnica, causada
pelo acumulo de componentes toxicos e de metabdlitos produzidos devido ao

bloqueio de rotas metabdlicas. Estudos revelam que aproximadamente um
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terco dos EIM correspondem a aminoacidopatias, outro terco a acidemias

organicas e o tercgo final a todos os outros EIM (Hoffmann, 1994).

.2 Doenga do xarope do bordo

Menkes e colaboradores descreveram em 1954 quatro pacientes com
uma doenga neurolégica degenerativa, caracterizada por edema cerebral,
convulsdes, espasticidade e sofrimento respiratério, com inicio na primeira
semana de vida e morte dentro de trés meses. A caracteristica mais
proeminente foi o forte odor de agucar queimado na urina que deu origem ao
nome Doenga do Xarope do Bordo (DXB). No final dos anos 1950, Dancis e
colaboradores, identificaram os compostos acumulados na urina e plasma dos
pacientes como os aminoacidos de cadeia ramificada leucina (Leu), isoleucina
(leu) e valina (Val) e seus correspondentes a-cetoacidos. Dessa forma, a
doenga também €& chamada cetoaciduria de cadeia ramificada (Dancis, 1959;
Dancis et al., 1959). Posteriormente, Dancis e colaboradores, demonstraram
que o blogueio metabdlico na DXB ocorre na descarboxilagdo dos a-cetoacidos
de cadeia ramificada (Dancis et al., 1960).

A DXB é, portanto, um erro inato do metabolismo causado pela
deficiéncia na atividade do complexo da desidrogenase dos a-cetoacidos de
cadeia ramificada (CDCR). Como consequéncia deste bloqueio ocorre o
acumulo dos aminoacidos de cadeia ramificada (AACR) leucina, isoleucina e
valina, bem como de seus respectivos a-cetoacidos de cadeia ramificada

(CACR) a-cetoisocapréico (CIC), a-ceto-B-metilvalérico (CMV) e a-



12

cetoisovalérico (CIV) e a-hidroxiacidos de cadeia ramificada (HACR) a-
hidroxiisocaproico (HIC), a-hidroxi-B-metilvalérico (HMV) e a-hidroxiisovalérico
(HIV) (Figura 1). A DXB é uma desordem autossdmica recessiva e apresenta
freqiéncia mundial estimada em 1:185000 nascidos vivos (Chuang e Shih,

2001).
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Figura 1. Rota metabdlica dos aminoacidos de cadeia ramificada leucina, isoleucina e

valina, indicando o bloqueio metabdlico que ocorre na Doenga do Xarope do Bordo. (Adaptado

de Scriver et al., 2001).
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O complexo multienzimatico da desidrogenase dos a-cetoacido de
cadeia ramificada esta localizado no lado interno da membrana mitocondrial
interna. Esse complexo enzimatico compreende trés sitios cataliticos: uma
descarboxilase dependente de tiamina pirofosfato, ou E1; uma transacilase, ou
E2; e uma desidrogenase, ou E3. Esse complexo possui duas enzimas
reguladoras: uma quinase (quinase da desidrogenase dos a-cetoacidos de
cadeia ramificada) e uma fosfatase (fosfatase da desidrogenase dos a-
cetoacidos de cadeia ramificada) (Figura 2) (Peinemann e Danner, 1994;

Chuang, 1998; Chuang e Shih, 2001).

E3

DESIDROGENASE

QUINASE DA
CDCR
E2
DOMINIO DO
ACIDO LIPOICO E2 eves
DOMINIO DE
LIGACAO

Figura 2. Subunidades e organizagado do complexo da desidrogenase dos a-cetoacido
de cadeia ramificada (CDCR). O complexo da CDCR mitocondrial € organizado em torno de um
centro cubico que compreende a subunidade transacilase (E2). A descarboxilase dependente
de tiamina pirofosfato (E1) e a desidrogenase ligada ao FAD (E3) estado ligadas de forma nao
covalente ao dominio de ligagdo E1/E3 da subunidade E2. A quinase especifica se liga ao
dominio do acido lipdico da E2. O sitio de ligagdo especifico para a fosfatase € desconhecido.
Os trés dominios da E2 sao ligados por regides flexiveis. Os sitios ativos ou de ligacdo ao

cofator em cada componente da enzima estao circulados. (Adaptado de Chuang, 1998).
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O catabolismo dos AACR inicia por sua transaminacdo reversivel
catalisada pela aminotransferase de cadeia ramificada formando os a-
cetoacidos de cadeia ramificada que sao internalizados na mitocdndria através
de uma proteina transportadora especifica (sistema L de transporte n&o
dependente de sodio). No interior da mitocondria os CACR sofrem
descarboxilagdo oxidativa irreversivel pelo complexo da desidrogenase dos a-
cetoacidos de cadeia ramificada. A reagcado produz respectivos acil CoA de
cadeia ramificada que sao metabolizados por vias especificas. Os produtos
finais do catabolismo da leucina sdo acetil-CoA e acetoacetato, da valina
succinil-CoA e da isoleucina acetil-CoA e succinil-CoA (Schadewaldt e Wendel,
1997; Chuang e Shih, 2001).

A manifestacdo clinica da DXB ¢é variavel, dependendo da variante da
doenga (forma classica severa a formas variantes moderadas). O tratamento
envolve restricdo na ingestdo de proteinas e utilizagdo de férmulas especificas
com reducdo dos AACR, suplementada por aminoacidos essenciais e
associada ou ndo a administracdo do cofator tiamina. A classificacdo dos
pacientes € baseada em parametros como idade de inicio dos sintomas,
tolerancia a leucina, atividade residual do complexo da desidrogenase dos a-
cetoacidos de cadeia ramificada e resposta a administracao de tiamina. Os
pacientes com DXB podem ser classificados em cinco fendtipos: classica,
intermediaria, intermitente, responsiva a tiamina e deficiéncia de lipoamida
desidrogenase (Chuang e Shih, 2001; Simon et al., 2006a).

A forma classica da doenca se caracteriza por inicio neonatal e é a
forma mais severa e frequente da doenca, representando aproximadamente

80% dos casos de DXB. A atividade residual do complexo da desidrogenase
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dos a-cetoacidos de cadeia ramificada é extremamente baixa (<2% do normal),
e os niveis dos AACR é extremamente elevado no sangue, liquor e urina. Os
recém nascidos sao aparentemente normais, desenvolvendo os sintomas entre
0 4° e o 7° dias de vida. Inicialmente a doenga se manifesta por letargia e
recusa alimentar, evoluindo para perda de peso, cetoacidose, sinais
neurologicos progressivos, convulsdes, encefalopatia aguda e coma. A maioria
dos pacientes classicos nao tratados morre nos primeiros meses de vida
devido a crises metabolicas agudas e deterioracdo neurologica (Peinemann e
Danner, 1994; Chuang e Shih, 2001).

Os pacientes com a forma intermediaria da DXB apresentam uma
elevacdo persistente dos AACR, porém menos pronunciada que na forma
classica. A atividade residual do complexo da desidrogenase dos a-cetoacidos
de cadeia ramificada varia de 3 a 30% do normal e os pacientes néao
apresentam manifestagcbes agudas no periodo neonatal. O diagndstico,
normalmente, é feito em torno dos dois anos de vida e os pacientes
apresentam atraso no desenvolvimento, convulsdes e episédios de cetoacidose
(Chuang e Shih, 2001).

Os pacientes com a forma intermitente apresentam desenvolvimento
neuropsicomotor normal. No entanto, apresentam risco elevado de
descompensacgao metabdlica durante situacbes de estresse. A atividade do
complexo da a-cetoacido desidrogenase de cadeia ramificada varia de 5 a 20%
do normal. Enquanto assintomaticos os niveis dos AACR encontram-se
normais. O inicio dos sintomas ocorre entre os cinco meses e os dois anos de

vida, em geral, associados a algum tipo de infecgao (Chuang e Shih, 2001).
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Em geral os pacientes com a forma responsiva a tiamina nao
apresentam doenga neonatal aguda, e o curso inicial da doenca se caracteriza
por atraso no desenvolvimento psicomotor. Nesses pacientes a administracao
de tiamina associada a dieta restrita em proteinas pode reduzir os altos niveis
dos AACR para valores normais. As doses de tiamina utilizadas variam de 10 a
1000 mg/dia (Chuang e Shih, 2001).

A deficiéncia de lipoamida desidrogenase (E3 - deficiente) € uma
desordem rara, caracterizada por atraso no desenvolvimento psicomotor e
acidose latica. Os AACR no plasma estdo levemente ou moderadamente
aumentados. Esses pacientes apresentam uma deficiéncia combinada das
desidrogenases dos a-cetoacidos de cadeia ramificada, do piruvato e do a-
cetoglutarato. O curso da doenga é caracterizado por deterioracdo neurolégica
progressiva, incluindo hipotonia, atraso no desenvolvimento e desmielinizagao
(Chuang e Shih, 2001).

Os principais sinais clinicos apresentados pelos pacientes com a forma
classica da DXB incluem cetoacidose, hipoglicemia, recusa alimentar,
opistétono, apnéia, ataxia, convulsdes, coma, atraso no desenvolvimento
psicomotor e retardo mental. A encefalopatia também é um achado bastante
importante nos pacientes com DXB. Além disso, pode ser observada a
presenca de edema generalizado e hipomielinizacdo/desmielinizagdo no
sistema nervoso central desses pacientes, principalmente durante as crises de
descompensacao metabdlica (Chuang e Shih, 2001; Schénberger et al., 2004;
Sener, 2007).

A DXB pode ser diagnosticada pela deteccédo de altas concentragdes de

leucina, isoleucina e valina no plasma, e de niveis elevados dos CACR na
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urina. O perfil de aminoacidos pode ser determinado através de cromatografia
liguida ou cromatografia liquida acoplada a espectrometria de massas
(CL/IEM/EM), enquanto o perfil de acidos organicos é determinado através de
cromatografia gasosa acoplada a espectrometria de massa (CG/EM) (Chuang
e Shih, 2001). O principal metabdlito acumulado na doencga é a leucina que
pode atingir niveis plasmaticos de até 5 mM, sendo a quantificagcdo deste
aminoacido o principal critério para diagndstico e avaliagdo do tratamento,
enquanto que isoleucina e valina atingem 1 mM no momento do diagndstico
(Bremer et al.,, 1981). A presenga de aloisoleucina (Alolleu) no plasma é
considerada patognoménico da DXB. Esse aminoacido ndo protéico € um
produto da racemizacgao da isoleucina e apresenta uma depuragao lenta. Altos
niveis de Alolleu no plasma persistem por varios dias apds o episodio de
descompensagao metabdlica, sendo permanentemente detectavel no plasma
dos pacientes com a forma classica da DXB (Chuang e Shih, 2001).

Atualmente, muitos paises tém utilizado testes de triagem neonatal
baseados na espectrometria de massa em Tandem para a identificagcao
precoce da DXB, permitindo o diagndstico quando os pacientes sdo ainda
assintomaticos ou apresentam poucos sintomas, usualmente no 5° ou 6° dia de
vida (Peinemann e Danner, 1994; Simon et al., 2006b).

O diagnéstico da DXB é confirmado através da medida da atividade do
complexo da desidrogenase dos a-cetoacidos de cadeia ramificada em
leucécitos periféricos, cultura de fibroblastos ou cultura de linfoblastos de
pacientes (Peinemann e Danner, 1994; Chuang e Shih, 2001; Chaung et al.,

2006).
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O diagndstico pré-natal da DXB pode ser realizado através da analise
enzimatica direta do tecido de vilosidades coribnicas ou através de cultura de
células do fluido amnidtico ou das vilosidades coridnicas, coletados entre a 14°
e 18° semanas de gestacao (Chuang e Shih, 2001).

O tratamento para DXB consiste na restricdo da ingestao de proteinas, o
que minimiza o acumulo dos AACR e, consequentemente, seus efeitos toxicos,
principalmente ao sistema nervoso central. O objetivo do tratamento é
normalizar as concentragbes dos AACR, sem prejudicar o crescimento e
desenvolvimento dos pacientes. O tratamento deve ser iniciado o mais
precocemente possivel, ainda no periodo neonatal, e deve ser mantido por
toda a vida do paciente. A terapia com tiamina (50-300mg/dia) € empregada
por 3 semanas no inicio do tratamento para deteccido de pacientes com a
forma responsiva a tiamina. A dieta prescrita aos pacientes com DXB deve ser
hipoproteica e hipercaldrica, praticamente isenta de proteinas de origem animal
combinada com uma férmula semi-sintética contendo aminoacidos essenciais,
exceto os AACR, e suplementada com minerais (molibdénio, manganés...) e
vitaminas (vitaminas C, D, E...) (Chuang e Shih, 2001). Sem o diagndstico
precoce e o tratamento efetivo as criancas desenvolvem problemas cerebrais
severos e permanentes, podendo até mesmo morrer nos primeiros meses de
vida (Morton et al., 2002).

Durante a fase aguda da doenga medidas mais agressivas precisam ser
empregadas para reduzir rapidamente os niveis dos AACR, que podem levar a
deterioragdo das fungdes cerebrais. A descompensacdo metabdlica aguda
pode ser desencadeada por periodos de estresse como, infecgdes, febre ou

outras doengas. Dois aspectos sdo importantes no manejo das crises
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metabdlicas: a rapida remocao dos metabdlitos toxicos e a supressdo do
catabolismo e/ou a promog¢ao do anabolismo (Chuang e Shih, 2001; Yoshino et
al., 1999).

Entre as medidas utilizadas para a rapida remocao dos metabdlitos
acumulados estdo a didlise peritoneal, a transfusdo exsanglinea e a
hemodialise, as quais apresentam bons resultados, aumentando
significativamente a depuragdo desses compostos. Entre os tratamentos extra
corporais, a hemodialise apresenta melhor desempenho que a hemofiltracao,
devendo ser considerada a primeira opcao de tratamento. Quando esta medida
nao €& disponivel, a transfusdo exsanguinea pode ser considerada a melhor
escolha. A administracao parenteral de uma solugdo contendo eletrdlitos,
glicose, lipidios, vitaminas e uma mistura de aminoacidos isenta de AACR,
sozinha ou combinada com a administragdo de insulina, tem sido utilizada
como terapia durante a descompensacao metabdlica visando suprimir o
catabolismo e/ou promover o anabolismo (Chuang e Shih, 2001; Yoshino et al.,
1999).

A maioria das criancas afetadas que sao prospectivamente monitoradas
e controladas apresentam bons resultados de desenvolvimento mental,
contudo, a intoxicagdo metabdlica aguda e a deterioracdo neurolégica podem
se desenvolver rapidamente em qualquer idade. Cada episédio de
descompensagao metabdlica esta associado com um risco para edema e
comprometimento cerebral (Chuang e Shih, 2001; Strauss e Morton, 2003).

A leucina e/ou seu respectivo a-cetoacido (a-cetoisocaproéico) tem sido
considerados os principais metabdlitos neurotoxicos na DXB, uma vez que o

aumento na concentracéo plasmatica desses compostos tem sido associado ao
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aparecimento dos sintomas neurolégicos (Chuang e Shih, 2001; Snyderman et
al., 1964). No entanto, os mecanismos responsaveis pelos sintomas
neuroldgicos apresentados pelos pacientes com DXB ainda sao pouco

conhecidos.

1.3 Radicais livres

Radicais livres sdo estruturas quimicas que possuem um elétron
desemparelhado, ou seja, ocupando um orbital atdmico ou molecular sozinho.
Isso os torna muito instaveis, extraordinariamente reativos e com uma enorme
capacidade para combinar-se inespecificamente com diversas moléculas
integrantes da estrutura celular (Halliwell e Gutteridge, 2007).

Existem diversas fontes geradoras de radicais livres nos sistemas
bioldgicos. Os radicais livres podem ser formados endogenamente (subprodutos
do metabolismo aerdbico) ou por influéncias externas (dieta inadequada,
consumo exagerado de alcool, fumo, uso de quimioterapicos e outras drogas,
exposicao as radiagdes ionizante e eletromagnética, poluicao atmosférica, etc.)
(Ames et al., 1993; Halliwell, 1994; Droge, 2002).

O termo espécies reativas de oxigénio (ERO) inclui ndo apenas os
radicais formados pela redugdo do oxigénio (superdxido (O2*) e hidroxila
(OH®)), mas também alguns ndo radicais derivados do oxigénio, como o
peréxido de hidrogénio (H,0,) e o oxigénio singlet ('0,). Além das espécies

reativas de oxigénio, existem ainda as espécies reativas de nitrogénio (ERN),
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representadas principalmente pelo 6xido nitrico (NO®) e peroxinitrito (ONOQ")

(Halliwell e Gutteridge, 2007) (tabela 1).

Tabela 1. Algumas espécies reativas de oxigénio (ERO) e de nitrogénio

(ERN).
Radicais Nao Radicais

ERO Superoxido, O," Peréxido de hidrogénio, H,O,
Hidroxila, OH® Oxigénio singlet, 'O,
Peroxila, RO,* Acido hipocloroso, HOCI
Hidroperoxila, HO,* Peroxinitrito, ONOO"

Ozobnio, O3

ERN Oxido nitrico, NO* Acido nitroso, HNO,

Dioxido de nitrogénio, NO®, Peroxinitrito, ONOO"

Peroxinitrato, O,NOO"

(Adaptado de Halliwell e Gutteridge, 2007)

O radical superéxido é formado normalmente no organismo,
principalmente através da cadeia transportadora de elétrons mitocondrial ou
por agao de células fagocitarias durante o processo de defesa. Apesar do
nome, este radical € fracamente reativo. O radical de oxigénio mais reativo é o
radical hidroxila (OH®), que uma vez formado reage rapida e inespecificamente,
podendo atacar e lesar qualquer biomolécula. O radical hidroxila € formado
pela reagao entre o radical superéxido e o H,O» ou pela reagéo entre o H2,0, e

metais de transigdo como o ferro (Reagao de Fenton). O H,O, é formado em
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praticamente todos os tecidos do organismo e apesar de fracamente reativo
sua importancia esta relacionada a sua capacidade de formar o radical hidroxila
(Halliwell, 1996; Halliwell, 2001).

O oxido nitrico € um radical pouco reativo que apresenta grande
importancia biolégica atuando na vasorregulagao e neurotransmisséo, porém
em excesso pode ser citotdxico. A reagao entre os radicais 6xido nitrico e
superoxido leva a formacao de peroxinitrito, o qual apresenta maior reatividade
podendo oxidar lipidios, DNA e aminoacidos (Halliwell, 1996; Halliwell, 2001).

As ERO e as ERN, em baixos niveis, sdo indispensaveis em muitos
processos bioquimicos, incluindo a comunicacao intracelular, a apoptose, a
defesa do organismo contra agentes infecciosos, entre outros. Entretanto, uma
producdo excessiva dessas espécies ou uma deficiéncia na sua remocao
podem gerar um estado pré-oxidante que favorece a ocorréncia de lesdes
oxidativas em macromoléculas e estruturas celulares como proteinas, lipidios e
DNA. Os radicais livres podem promover a lipoperoxidagao, causar a oxidagao
de proteinas levando a sua inativacdo e podem também reagir com DNA e
RNA causando mutagdes ou disturbios de transcricao (Halliwell, 1996; Delanty

e Dichter, 1998; Halliwell e Gutteridge, 2007).

.4 Defesas antioxidantes

Os antioxidantes sédo substancias endégenas ou exégenas que reduzem
a formacéo de radicais livres ou reagem promovendo sua inativagdo. Para

evitar o dano celular que pode ser causado pela presencga de radicais livres, o
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organismo possui defesas antioxidantes enzimaticas e nao-enzimaticas
(Halliwell e Gutteridge, 2007).

O organismo sintetiza uma série de compostos nao-enzimaticos que
apresentam grande capacidade de defesa antioxidante, atuando para manter o
equilibrio celular. Dentre esses compostos podemos citar, a bilirrubina, a
melatonina, o &cido lipdico, a coenzima Q, o acido urico, a glutationa e os
estrogenos. Esses antioxidantes atuam de diferentes maneiras combatendo
diretamente os radicais livres ou indiretamente, ligando ions como ferro e
cobre, tornando-os menos reativos ou mesmo estimulando a producido de
outras defesas antioxidantes (Halliwell e Gutteridge, 2007). Além dos
antioxidantes sintetizados endogenamente, alguns importantes antioxidantes
sdo obtidos através da dieta, incluindo as vitamina A, C e E, e polifendis
(Salvador e Henriques, 2004; Halliwell e Gutteridge, 2007).

Os antioxidantes enzimaticos também sao importantes na detoxificacdo
celular dos radicais livres. Dentre os antioxidantes enzimaticos podemos
destacar a enzima superéxido dismutase (SOD) que catalisa a dismutacédo do
radical superoxido a H,O,, a enzima catalase (CAT) que € responsavel pela
decomposicéao direta do H,O, formando agua (H2O) e oxigénio (O;) e a enzima
glutationa peroxidase (GSH-Px) que catalisa a decomposi¢cdo de perdxidos
através da oxidagao da glutationa reduzida (GSH) formando glutationa oxidada
(GSSG). Fisiologicamente a GSH-Px atua acoplada a enzima glutationa
redutase (GR) que, por sua vez, catalisa a redugédo da GSSG, usando NADPH
como coenzima (Halliwell, 2001; Bonnefoy et al., 2002; Salvador e Henriques
2004). A figura 3 mostra os sitios de formacao de radicais livres de oxigénio e

as correspondentes defesas antioxidantes.
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Figura 3. Geracdo de espécies reativas de oxigénio e as correspondentes defesas
antioxidantes. O,"", radical superdxido; H,O,, perdxido de hidrogénio; OH®, radical hidroxila;
GSH, glutationa reduzida; GSSG, glutationa oxidada; GSH-Px, glutationa peroxidase; GR,
glutationa redutase; SOD, superéxido dismutase; CAT, catalase (Adaptado de Wajnet et al.,

2004).
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.5 Estresse oxidativo

Normalmente, nos organismos saudaveis existe um equilibrio entre a
producdo de espécies reativas e as defesas antioxidantes. As defesas
antioxidantes controlam os niveis de espécies reativas, permitindo que estas
desempenhem seu papel dentro do metabolismo normal. No entanto, situagdes
patolégicas podem causar o rompimento deste equilibrio, seja através da
diminuicdo das defesas antioxidantes, seja pelo aumento na produgdo de
espécies reativas ou mesmo da combinagdo de ambos, resultando no que
chamamos de estresse oxidativo. O termo estresse oxidativo se refere ao
desequilibrio entre a capacidade antioxidante e as espécies reativas formadas
(pré-oxidante), em favor destas, podendo resultar em dano oxidativo a
componentes celulares (Halliwell e Gutteridge, 2007; Halliwell, 2001). O estado
pré-oxidante gerado por esse desequilibrio favorece a ocorréncia de lesbes
oxidativas em biomoléculas (lipidios, DNA e proteinas). As consequéncias do
estresse oxidativo incluem a lipoperoxidagcao na membrana celular, a oxidacao
de proteinas, lesbes ao DNA e RNA e a morte celular, dependendo do tipo
celular e da severidade do estresse oxidativo (Halliwell e Gutteridge, 2007,
Halliwell, 2001).

Todos os tecidos humanos sao suscetiveis ao dano oxidativo. No
entanto, o cérebro parece ser especialmente sensivel a este tipo de lesdao. Uma
razao importante para isso seria o alto consumo de oxigénio apresentado por
este tecido. Além disso, as membranas neuronais apresentam grande
quantidade de lipidios poliinsaturados, altamente suscetiveis a lipoperoxidacao.

Ainda, a autooxidacdo de muitos neurotransmissores, como dopamina e
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noradrenalina, gera espécies reativas, sendo que esta autooxidacéo pode ser
acelerada pela presenca de ferro, amplamente distribuido no cérebro. Por fim,
o tecido cerebral apresenta um baixo nivel de defesas antioxidantes (Halliwell e
Gutteridge, 2007).

Existem evidéncias crescentes sugerindo que as espécies reativas
desempenham um papel importante na patogénese de muitas doengas, como
diabetes, neoplasias, aterosclerose, doencas inflamatérias e doencas
neurodegenerativas, em particular a doenca de Alzheimer, a doenca de
Parkinson e a esclerose lateral amiotréfica (Reznick e Packer, 1993;
Przedborski et al., 1996; Bem—Menachem et al., 2000).

Tem também sido recentemente demonstrado que o estresse oxidativo
atua em varios erros inatos do metabolismo (Colomé et al., 2000, Wajner et al.,
2004). A produgao excessiva de radicais livres e a redugdo das defesas
antioxidantes ocorrem em algumas acidemias orgéanicas, como nas acidemias
glutarica (Kolker et al., 2001; Latini et al., 2005; Latini et al., 2007), propidnica e
metilmalbénica (Fontella et al., 2000), bem como em aminoacidopatias como na
homocistinuria (Streck et al., 2003; Stefanello et al., 2005), tirosinemia tipo |
(Bird et al., 1995) e fenilcetonuria (Sierra et al., 1998; Artuch et al., 2001; Hagen
et al., 2002; Artuch et al., 2004; Sirtori et al., 2005; Sitta et al., 2006) e também
na doenga peroxissomal adrenoleucodistrofia ligada ao X (Vargas et al., 2004;
Deon et al., 2006), sugerindo que o estresse oxidativo possa estar envolvido no
dano neuroldgico observado nessas doengas.

Estudos em animais demonstraram que os aminoacidos de cadeia
ramificada (leucina, isoleucina e valina) e seus respectivos a-cetoacidos

acumulados na DXB estimulam a lipoperoxidagdo em homogeneizado de
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cérebro de ratos. (Fontella et al., 2002). Ainda, foi demonstrado que estes
compostos, principalmente a leucina e o acido a-cetoisocaproico, reduzem a
capacidade do cérebro em modular o dano associado ao aumento na producao
de radicais livres e que a lipoperoxidacao estimulada pela leucina pode ser
atenuada por antioxidantes como vitaminas C e E, glutationa reduzida e
superoéxido dismutase (Bridi et al., 2003; Bridi et al., 2005a; Bridi et al., 2005b).
Embora o mecanismo responsavel pelo estresse oxidativo nos erros
inatos do metabolismo nédo seja totalmente compreendido, € possivel que o
acumulo de metabdlitos toxicos induza a formacao excessiva de radicais livres.
Além disso, é provavel que a restricido dietética a qual muitos dos pacientes
com erros inatos do metabolismo sao submetidos, cause redug¢ao nas defesas
antioxidantes devido a deficiéncia de nutrientes essenciais, como vitaminas e

minerais (Artuch et al., 2004).
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Il. OBJETIVOS

1.1 Objetivo geral

Considerando que os mecanismos envolvidos no dano neuroldgico
apresentado pelos pacientes com DXB ainda ndo estido totalmente
esclarecidos e que estudos em animais tém demonstrado que o estresse
oxidativo € induzido pelos metabdlitos acumulados na DXB, o objetivo deste
estudo foi investigar varios parémetros de estresse oxidativo em amostras de
plasma e eritrécitos de pacientes com DXB, antes e durante o tratamento, no
intuito de melhor entender a fisiopatologia e o efeito do tratamento nestes

individuos.

1.2 Objetivos especificos

Capitulo | - Avaliar parametros de estresse oxidativo, como a medida
das espécies reativas ao acido tiobarbiturico (TBARS), a medida da reatividade
antioxidante total (TAR) e a medida do status antioxidante total (TAS) em
plasma de pacientes n&o tratados (no diagnostico) com doenga do xarope do

bordo.

Capitulo Il - Avaliar parametros de estresse oxidativo, como a medida
das espécies reativas ao acido tiobarbiturico (TBARS), a medida da reatividade

antioxidante total (TAR) e a medida do status antioxidante total (TAS) em
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plasma de pacientes com doenca do xarope do bordo sob tratamento dietético

com niveis baixos ou niveis altos de leucina.

Capitulo Il — Avaliar os niveis de selénio no plasma de pacientes com
doenga do xarope do bordo ndo tratados (no diagnédstico) e durante o
tratamento dietético, bem como a atividade das enzimas glutationa peroxidase
(GSH-Px), catalase (CAT) e superoxido dismutase (SOD) em eritrocitos de

pacientes em tratamento.

Capitulo IV — Avaliar parametros de estresse oxidativo, como a medida
das espécies reativas ao acido tiobarbiturico (TBARS) e a medida da
reatividade antioxidante total (TAR), e outros parametros bioquimicos (glicose,
colesterol total e fragdes, triglicerideos, albumina, transaminases, creatina
quinase, lactato desidrogenase, uréia, creatinina e acido urico) em plasma de
pacientes com doencga do xarope do bordo em tratamento dietético, a fim de
verificar se ha correlacdo entre os parametros de estresse oxidativo e os

parametros bioquimicos.
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lll. RESULTADOS

Os resultados estao apresentados na forma de artigos cientificos.
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Abstract Maple syrup urine disease (MSUD) or branched-chain o-keto aciduria (BCKA) is
an inherited disorder caused by a deficiency of the branched-chain a-keto acid dehydrogenase
complex (BCKAD) activity. The blockage of this pathway leads to tissue accumulation of the
branched-chain amino acids (BCAA) leucine, isoleucine and valine and their respective keto-
acids. The clinical features presented by MSUD patients include ketoacidosis, convulsions,
coma, psychomotor delay and mental retardation. The mechanism of brain damage in this
disease is still poorly understood. However, an increase in lipid peroxidation in vitro in
cerebral cortex of young rats as well as a decrease in the antioxidant defenses has been
previously observed. In the present work we evaluated different oxidative stress parameters,
named reactive species of thiobarbituric acid (TBARS), total antioxidant reactivity (TAR)
and total antioxidant status (TAS) in plasma of MSUD patients in order to evaluate whether
oxidative stress is involved in this disorder. We verified a marked increase of plasma TBARS
measurements, which is indicative of increased lipid peroxidation, as well as a decrease on
plasma TAR reflecting a deficient capacity to efficiently modulate the damage associated
with an increased production of reactive species. In contrast, TAS was not changed indicating
that the total content of antioxidants in plasma of patients affected by MSUD was not altered.
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These results suggest that free radical generation is elicited in MSUD and is possibly involved
in the pathophysiology of the tissue damage found in this disorder.

Keywords Maple syrup urine disease - Oxidative stress - Lipid peroxidation - Antioxidant
defenses

Introduction

Maple syrup urine disease (MSUD) or branched-chain «-keto aciduria (BCKA) is an autoso-
mal recessive metabolic disorder caused by a severe deficiency of the branched-chain «-keto
acid dehydrogenase complex (BCKAD) activity. The blockage in this enzyme complex leads
to tissue accumulation of the branched-chain amino acids (BCAA) leucine, isoleucine and va-
line as well as their corresponding branched chain «-keto acids (BCKA) «-ketoisocaproate,
a-keto-B-methylvalerate and a-ketoisovalerate, respectively (Chuang and Shih, 2001; Treacy
etal., 1992).

The major clinical features presented by MSUD patients include ketoacidosis, hypo-
glycemia, poor feeding, apnea, ataxia, convulsions, coma, psychomotor delay and mental
retardation. Magnetic resonance imaging studies have demonstrated generalized edema and
hypomyelination/demyelination in central nervous system (CNS) of MSUD patients (Chuang
and Shih, 2001; Schonberger et al., 2004).

MSUD presents heterogeneous molecular and clinical phenotypes range from a severe
classic form with neonatal onset to milder variant forms with later onset, and presenting
different residual enzyme activity (Chuang and Shih, 2001; Schadewaldt and Wendel, 1997).

The aim of MSUD treatment is to keep the BCAA plasma concentrations in the normal
range, protecting the brain from injury. The treatment consists of a low protein diet and a
semi-synthetic formula restricted in BCAA and supplemented with essential amino acids.
Metabolic intoxication may cause a fatal outcome in untreated patients (Chuang and Shih,
2001; Danner and Elsas, 1989).

The mechanisms of the neurological symptoms presented by MSUD patients are still
poorly understood. However, considering that increased concentrations of leucine and/or a-
ketoisocaproate were associated with the appearance of neurological symptoms, these com-
pounds seem to be the main important neurotoxic metabolites in MSUD (Chuang and Shih,
2001; Snyderman et al., 1964). Furthermore, it has been demonstrated that the metabolities
accumulating in MSUD cause impairment of energy metabolism by inhibiting the electron
transport chain (Sgaravatti et al., 2003) and creatine kinase activity in rat brain (Pilla et al.,
2003). Other investigators demonstrated that the BCAA and/or BCKA that accumulate in
MSUD provoke neuronal apoptosis (Jouvet et al., 2000), as well as convulsions (Coitinho
et al., 2001), impairment of neurotransmitter synthesis and function (Zielke et al., 1996;
Tavares et al., 2000), myelin alteration (Treacy et al., 1992; Tribble and Shapira, 1983;
Taketomi et al., 1983) and reduced uptake of essential amino acids by the brain (Aradjo
etal., 2001).

Free radicals seem to be involved in a large number of human diseases. Increasing
evidence has shown that damage caused by free radicals is an important contributing factor
in chronic-inflammatory, vasculary, neoplastic and neurodegenerative diseases (Halliwell,
1994; Reznick and Packer, 1993; Przedborski et al., 1996; Bem-Menachem ef al., 2000).

Oxidative stress has been observed in some inborn errors of intermediary metabolism
owing to the accumulation of toxic metabolites which leads to excessive free radical produc-
tion (Colome et al., 2000). Restricted diets utilized to treat patients affected by metabolic
disorders may result in a low antioxidant status (Colome et al., 2000).
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Recently, it was demonstrated that the BCAA and their respective BCKA that accumu-
late in MSUD stimulate in vitro lipid peroxidation in brain homogenates of rats (Fontella
et al., 2002). It was later demonstrated that these compounds, particularly leucine and o-
ketoisocaproate, not only stimulate in vitro lipid peroxidation but also reduce the cerebral
capacity to modulate the damage associated with the increased free radical production (Bridi
et al., 2003, 2005a). Furthermore, it was shown that the increased lipid peroxidation induced
by leucine could be attenuated by the free radicals scavengers ascorbic acid, «-tocopherol,
gluthatione and superoxide dismutase (Bridi et al., 2005b).

The aim of the present work was to evaluate some parameters of oxidative stress, namely
thiobarbituric acid-reactive substances (TBARS), total antioxidant reactivity (TAR) and total
antioxidant status (TAS), in plasma of MSUD patients at the time of diagnosis in order to
verify whether free radicals could be involved in the pathophysiology of this disease.

Material and methods
Patients and controls

Plasma from five MSUD patients (classic form) aged between 15 days and 4 months at
diagnosis were used to evaluate the parameters of oxidative stress. The most common
clinical features presented by these patients were convulsions, hypoglycemia, poor feeding,
ketoacidosis and psychomotor delay. Samples were obtained at the time of the diagnosis,
which was made by increased plasma levels of leucine (2,346.1 & 810.7 umol/L), isoleucine
(304.8 = 185.2 umol/L) and valine (456.5 £ 275.1 umol/L) by HPLC method (Joseph and
Marsden, 1986). Control group was composed of healthy age matched individuals (leucine
158.33 £ 37.63 umol/L; isoleucine 76.54 + 18.02 umol/L; valine 260.73 £ 39.79 umol/L).

Reagents

All chemicals were of PA purity and were purchased from Sigma (St. Louis, MO, USA)
except for thiobarbituric acid, which was purchased from Merck (Darmstadt, Germany) and
a kit for TAS measurement that was purchased from Randox Laboratories (Antrim, United
Kingdom). TAR was assayed using a beta liquid scintillation spectrometer (Wallac model
1409) and TBARS was measured with a spectrofluorimeter (Hitachi F2000).

Plasma preparation

Plasma was prepared from whole blood samples obtained from fasting individuals (controls
and MSUD patients) by venous puncture with heparinized vials. Whole blood was centrifuged
at 1,000g. Plasma was removed by aspiration and frozen at —80°C until determination.

Thiobarbituric Acid-Reactive Species (TBARS)

Thiobarbituric acid-reactive substances (TBARS) were determined according to the method
described by Buege and Aust (1978). Briefly, 250 uL of 10% trichloroacetic acid were added
to 125 pL of plasma, then 375 wl 0.67% thiobarbituric acid (in 7.1% sodium sulphate) were
added and incubated at 100°C for 30 min. After the incubation, the mixture was extracted with
750 L butanol. The resulting pink stained TBARS were determined in a spectrofluorimeter
at 515 nm. Calibration curve was performed using 1,1,3,3-tetramethoxypropane subjected
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to the same treatment as that of the samples. TBARS were calculated as nmol TBARS/mg
protein.

Total Antioxidant Reactivity (TAR)

TAR, which represents the quality of the tissue antioxidants, was determined by measur-
ing the luminol chemiluminescence intensity induced by 2,2’-azo-bis-(2-amidinopropane)
(ABAP) according to the method of Lissi e al. (1992). The background chemiluminescence
was measured by adding 4 mL of 2 mM ABAP (in 0.1 M glycine buffer, pH 8.6) into a glass
scintillation vial. Ten microliters of luminol (4 mM) were added to each vial and the chemi-
luminescence was measured. This was considered to be the basal value. Ten microliters of
25-200 M Trolox (curve calibration) or plasma was then added and the chemiluminescence
was measured during 60 s. The Trolox and plasma addition reduces the chemiluminescence.
The rapid reduction in luminol intensity is considered as a measure of the TAR capacity.
TAR measurement was calculated as nmol Trolox/mg protein.

Total Antioxidant Status (TAS)

TAS, which represents the quantity of the tissue antioxidants, was determined by using a kit
from RANDOX Laboratories. The plasma sample was incubated with ABTS (2,2'-azino-di-
[3-ethylbenzthiazoline sulphonate]) plus a peroxidase (metmyoglobin) and H,O, to produce
the cation ABTS+. A relatively stable blue—green color occurred and was measured at 37°C
at 600 nm. Antioxidants in the added sample cause suppression of this color production to
a degree which was proportional to their concentration (Miller et al., 1993; Yu and Ong,
1999). The results were expressed in mmol/L plasma.

Protein determination

Protein concentrations were determined by the biuret method from Labtest® (Gornall et al.,
1949), using albumin as standard.

Statistical analysis

The Student ¢ test was used to compare results from controls and MSUD patients. A p value
less than 0.05 was considered significant. All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) software in a PC-compatible computer.

Results

Figure 1 shows that TBARS was significantly increased in plasma of MSUD patients when
compared to control group [#(8) = —4.552, p < 0.01], indicating that lipid peroxidation is
stimulated in MSUD patients.

TAR measurement, which is a measure of the tissue capacity to react with free radicals,
was markedly reduced [#(8) =3.021, p < 0.05] in plasma of MSUD patients (Fig. 2). These
results suggest a deficient capacity of plasma to modulate the damage associated with
the enhanced production of reactive species in these MSUD patients. Finally, it was also
observed that TAS measurement, which represents the quantity of the tissue antioxidants,
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was not altered in plasma of MSUD patients [#(6) = —0.713, p > 0.05] (Fig. 3), suggesting
that the total nonenzymatic antioxidant defenses were not altered.

Discussion

Neurological symptoms are frequent in MSUD patients and untreated patients normally
have a fatal outcome (Chuang and Shih, 2001; Danner and Elsas, 1989). Leucine and/or
a-ketoisocaproate are considered the main neurotoxic metabolites in these disease (Chuang
and Shih, 2001; Snyderman et al., 1964). However, the mechanisms underlying the sequelae
presented by these patients are not well understood.

It was previously demonstrated that the BCAA and BCKA accumulating in MSUD stim-
ulate in vitro lipid peroxidation and reduce the antioxidant defenses in cerebral homogenates
of young rats (Fontella et al., 2002; Bridi et al., 2003, 2005a). However, to our knowledge
there is no report in the literature assessing whether oxidative stress occurs in tissues from
MSUD patients. Therefore, in the present study we investigated some parameters of oxida-
tive stress in plasma from these patients which were not under any therapy. So our results
cannot be attributed to any medication.

TAR

nmol Trolox / mg protein
(o)}
1

Control MSUD

Fig.2 Plasma total antioxidant reactivity (TAR) from MSUD patients and controls. Data represent the mean
+ SD (n=5). *p < 0.05 (Student’ ¢ test for unpaired samples) compared to control

@ Springer



284 Metab Brain Dis (2006) 21:279-286

TAS

2 -
o 1.5
IS
3
5 17
S
€ 05

O -

Control MSUD

Fig.3 Plasma total antioxidant status (TAS) from MSUD patients and controls. Data represent the mean =+
SD (n=4). No significant differences between means were found (Student’ 7 test for unpaired samples)

We demonstrated a significant increase of TBARS in plasma from MSUD patients. Con-
sidering that TBARS reflects the content of malondialdehyde, an end product of lipid break-
down due to lipid peroxidation (Halliwell and Gutteridge, 2001; Esterbauer and Cheeseman,
1990), our data indicate that lipid peroxidation is induced in MSUD patients, probably sec-
ondary to free radical generation. Despite the fact that we did not find any decrease of total
antioxidant defenses in plasma from these patients as indicated by TAS values TAR, which
corresponds to a useful index of the capacity of a given tissue to modulate the damage
associated with an increased production of free radicals and mainly reflects the quality of
antioxidants (Lissi et al., 1995), was significantly decreased in the patients studied. These
results indicate a deficient capacity of plasma from MSUD patients to rapidly handle an
increase of reactive species. Considering that an imbalance between the total antioxidant
defenses and the reactive species formed in the tissues are indicative of oxidative stress
(Halliwell and Gutteridge, 2001), it is proposed that free radical generation is involved in
the pathophysiology of the tissue damage found in MSUD.

Oxidative stress has been considered an important contributor to brain damage in neu-
rodegenerative diseases, seizures and demyelination (Halliwell, 2001; Méndez-Alvarez et al .
2001; Karelson et al., 2001), probably because brain has relatively low levels of antioxidant
defenses (Halliwell and Gutteridge, 2001), as well as high lipid content, specially unsaturated
fatty acids, and iron that stimulates the Fenton reaction being therefore highly susceptible to
reactive species attack. Taken together our present in vivo results and those demonstrating in
studies in vitro with rats that the metabolities accumulated in MSUD cause a stimulation of
lipid peroxidation and a reduction of brain antioxidant defenses, (Fontella et al., 2002; Bridi
etal.,2003,2005a), suggest that oxidative stress is probably involved in the pathophysiology
of MSUD.

To our knowledge this is the first report demonstrating increased oxidative stress in patients
affected by MSUD. Our results should, however, be taken with caution and confirmed with
a higher number of patients and with other techniques to measure oxidative stress. In this
context, CSF specimens may be useful in order to evaluate if the brain is also a target for
reactive species. In case the present results are confirmed, we may conclude that oxidative
stress contributes at least in part to the severe neurological dysfunction found in MSUD.
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Abstract Maple Syrup Urine Disease (MSUD) is an autossomal recessive metabolic
disorder caused by a deficiency of branched-chain «-keto acid dehydrogenase
complex activity leading to accumulation of the branched-chain amino acids leucine,
isoleucine and valine and their corresponding branched-chain «-keto acids. Affected
patients usually present hypoglycemia, ketoacidosis, convulsions, poor feeding,
coma, psychomotor delay and mental retardation. Considering that the pathophys-
iology of MSUD is still poorly understood, in this study we evaluated some
parameters of oxidative stress, namely thiobarbituric acid-reactive substances
(TBARS), total antioxidant reactivity (TAR) and total antioxidant status (TAS) in
plasma from treated MSUD patients presenting high and low plasma leucine levels.
We verified a significant increase of TBARS (lipid peroxidation) and a decrease of
TAR (capacity to rapidly react with free radicals) in plasma from treated MSUD
patients with low and with high plasma levels of leucine compared to the control
group. It was also verified that TAS (quantity of tissue antioxidants) was not altered
in plasma from treated MSUD patients with low and high blood leucine levels.
Finally, we found no correlation between leucine, valine and isoleucine levels with
the various parameters of oxidative stress. These results are indicative that increased
lipid oxidative damage and decreased antioxidant defenses occur in plasma of
MSUD patients and that the accumulating branched-chain amino acids are probably
not directly associated to oxidative stress in this disorder.
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Introduction

Maple Syrup Urine Disease (MSUD) is an inherited disorder affecting the metabolism
of branched-chain amino acids (BCAA) leucine (Leu), isoleucine (Ile) and valine
(Val). The activity of the branched-chain o-keto acid dehydrogenase complex
(BCKAD) is deficient in MSUD leading to tissue accumulation of BCAA (Leu, Ile e
Val), as well as their corresponding transaminated branched-chain o-keto acids (BCKA)
o-ketoisocaproate, x-keto-f3-methylvalerate and o-ketoisovalerate (Chuang and Shih
2001; Treacy et al. 1992).

The clinical and biochemical phenotypes of MSUD patients are heterogeneous.
Patients can be divided into five phenotypes ranging from the classical form with a
neonatal onset to milder variants with later onset (Chuang and Shih 2001;
Schadewaldt and Wendel 1997). Individuals with MSUD usually present poor
feeding, convulsions, ketoacidosis, apnea, hypoglycemia, coma, ataxia, psychomotor
delay and mental retardation, as well as generalized edema and hypomyelination/
demyelination on magnetic resonance imaging studies of the central nervous system
(CNS) (Chuang and Shih 2001; Schonberger et al. 2004). Therapy for this disease is
based on a natural protein restricted diet with low BCAA supplemented with a semi-
synthetic formula of essential amino acids, vitamins and minerals. This treatment
minimizes the accumulation of the toxic metabolites and contributes to the survival
of the affected individuals, but do not prevent a variable degree of neurological
dysfunction evidenced by developmental delay and mental retardation whose
pathogenesis is poorly known (Chuang and Shih 2001). Leucine and/or o-
ketoisocaproate are thought to be the main neurotoxic metabolites in this disorder
once their increased concentrations have been associated to the appearance of
neurological symptoms (Chuang and Shih 2001; Snyderman et al. 1964).

Free radicals and oxidative stress have been associated with a large number of
diseases including various neurodegenerative disorders, epileptic seizures, demyelin-
ation and dementia (Halliwell 1994; Reznick and Packer 1993; Przedborski ez al. 1996;
Ben-Menachem et al. 2000). This may occur because the CNS is highly susceptible to
oxidative damage due to the relatively low activity of antioxidant defenses, high iron
content, high lipid content, specially unsaturated fatty acids, and high oxygen
consumption (Halliwell and Gutteridge 2001). Oxidative stress has been also observed
in some inborn errors of intermediary metabolism, and this has been attributed to the
accumulation of toxic metabolites which are able to induce excessive free radical
generation (Colome et al. 2000; Wajner et al. 2004). We cannot also exclude the
possibility that the restricted diets used to treat patients with metabolic disorders may
decrease the tissue antioxidant defenses since they potentially deplete essential
nutrients involved in the antioxidant defenses (Halliwell and Gutteridge 2001).

With regards to MSUD, experimental animal studies have demonstrated that lipid
peroxidation is stimulated in vitro by the BCAA and their respective BCKA in brain
homogenates of rats (Fontella ef al. 2002). It was also verified that these metabolites
reduce in vitro the cerebral capacity to modulate the damage associated to increased
free radical production (Bridi et al. 2003; Bridi et al. 2005a) and that the increased
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lipid peroxidation induced in vitro in cerebral cortex of rats by leucine is attenuated
by the free radicals scavengers ascorbic acid, «-tocopherol, gluthatione and
superoxide dismutase (Bridi ef al. 2005b).

On the other hand, we recently verified that the antioxidant status and lipid
peroxidation were significantly altered in plasma of MSUD patients at diagnosis,
suggesting the involvement of oxidative stress in the pathogenesis of this disease
(Barschak ef al. 2006). In the present study, we evaluated various parameters of
oxidative stress in blood from treated MSUD patients showing high and low blood
leucine levels, in order to test whether this amino acid could be involved in the
oxidative stress. The parameters analyzed were thiobarbituric acid-reactive substances
(TBARS), total antioxidant reactivity (TAR) and total antioxidant status (TAS).

Materials and methods
Reagents

All chemicals were of PA purity and were purchased from Sigma (St. Louis, MO,
USA) except thiobarbituric acid that was purchased from Merck (Darmstadt,
Germany) and a kit for TAS measurement that was purchased from Randox
Laboratories (Antrim, United Kingdom). TAR was assayed using a beta liquid
scintillation spectrometer (Wallac model 1409), TBARS was measured in a
spectrofluorimeter (Hitachi F2000) and TAS in a double-bean spectrophotometer
with temperature control (Hitachi U-2001).

Subjects

Plasma specimens from ten treated MSUD patients with the classic form and five
age matched controls were used to evaluate the parameters of oxidative stress. The
patients were aged between 15 days and 4 months at diagnosis and followed a
treatment that consisted of a natural protein restricted diet with low BCAA and
supplemented with a semi-synthetic formula of essential amino acids, vitamins and
minerals. The patients ingested the following amounts of Leu (before 12 months of
age: 40-80 mg kg ' day'; after 1 year of age: 275-535 mg/day), Ile (before
12 months of age: 2050 mg kg ' day '; after 1 year of age: 165-325 mg/day) and
Val (before 12 months of age: 20-60 mg kg ' day '; after 1 year of age: 190—
375 mg/day). Plasma samples obtained from MSUD patients under treatment were
divided into two groups depending on blood Leu levels. In group I plasma Leu
levels were lower than 100 umol/l (36.3+17.1 umol/l, treatment duration was 18.6+
12.9 months), whereas in group II plasma Leu levels were higher than 600 pmol/l
(1,314£914 pmol/l, treatment duration was 17.2+20.1 months). The control group
corresponded to healthy age matched individuals (leucine 158+37.6 pmol/l;
isoleucine 76.5+18.0 umol/l; valine 260+39.8 umol/l) (Table 1).

The present study was approved by the Ethical Committee of Hospital de Clinicas
de Porto Alegre, RS, Brazil (protocol number 04-256). The parents of the patients
included in the present study gave informed consent.
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Table 1 Plasma concentrations of leucine (Leu), isoleucine (Ile) and valine (Val) in controls and MSUD
patients during treatment

Leu (umol/l) Ile (umol/1) Val (umol/l)
Controls 158+16.8 76.5£8.0 260+17.7
MSUD patients group I 36.3+7.66 112+42.2 341169
MSUD patients group II 1,314+408* 198+62.6 384+154

Values represent mean+SE (n=5)
*p<0.01, different from controls (ANOVA followed by the Duncan multiple range test)

Plasma preparation and amino acids determination

Plasma was prepared from whole blood samples obtained from fasting individuals
(controls and MSUD patients) by venous puncture with heparinized vials. Whole
blood was centrifuged at 1,000xg and plasma was removed by aspiration and frozen
at —80°C until analysis. Blood amino acids levels were measured by HPLC (Joseph
and Marsden 1986), with slight modifications (Wajner et al. 2000).

Thiobarbituric acid-reactive substances (TBARS)

Thiobarbituric acid-reactive substances (TBARS) were determined according to the
method described by Buege and Aust 1978. Briefly, 250 ul of 10% trichloroacetic acid
were added to 125 ul of plasma. Then 375 ul 0.67% thiobarbituric acid (in 7.1%
sodium sulphate) were added and incubated at 100°C for 30 min. After the incubation,
the mixture was extracted with 750 pl butanol. The resulting pink stained TBARS
were determined in a spectrofluorimeter at 515 nm. Calibration curve was performed
using 1,1,3,3-tetramethoxypropane subjected to the same treatment as that of the
samples. TBARS were calculated as nmol TBARS/mg protein.

Total antioxidant reactivity (TAR)

TAR, which represents the quality of the tissue antioxidants, was determined by measuring
the luminol chemiluminescence intensity induced by 2,2'-azo-bis-(2-amidinopropane)
(ABAP) according to the method of Lissi ef al. (1992). The background chemilumines-
cence was measured by adding 4 ml of 2 mM ABAP (in 0.1 M glycine buffer, pH 8.6)
into a glass scintillation vial. Ten microliters of luminol (4 mM) were added to each vial
and the chemiluminescence was measured. This was considered to be the basal value.
Ten microliters of 25-200 uM Trolox (curve calibration) or plasma was then added and
the chemiluminescence was measured during 60 s. The Trolox and plasma addition
reduce the chemiluminescence. The rapid reduction in luminol intensity is considered as
a measure of the TAR capacity. TAR measurement was calculated as nmol Trolox/mg
protein.

Total antioxidant status (TAS)

TAS, which represents the quantity of the tissue antioxidants, was determined by using a
kit from RANDOX Laboratories. The plasma sample was incubated with ABTS (2,2'-
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azino-di-[3-ethylbenzthiazoline sulphonate]) plus a peroxidase (metmyoglobin) and
H,0, to produce the cation ABTS+. A relatively stable blue—green color occurred and
was measured at 37°C at 600 nm. Antioxidants in the added sample cause suppression
of this color production to a degree which is proportional to their concentration (Miller
et al. 1993; Yu and Ong 1999). The results were expressed in millimole per liter.

Protein determination

Protein concentrations were determined by the Biuret method from Labtest®
(Gornall et al. 1949), using bovine serum albumin as standard.

Statistical analysis

Results were analyzed by one-way ANOVA, followed by the Duncan multiple range test
when appropriated (Altman 1991). Only significant F values are shown in the text.
Correlations of plasma Leu, Val and Ile levels with TBARS, TAR or TAS were carried
out using the Pearson correlation coefficient. A p value less than 0.05 was considered
significant. All analyses were performed using the Statistical Package for the Social
Sciences (SPSS) software in a PC-compatible computer.

Results

Figure 1 shows that TBARS measurement was significantly increased in plasma
from MSUD patients both with low (group I) and high (group II) Leu levels, as
compared to the control group [F(2,12)=4.289, p<0.05]. These data indicate that
lipid peroxidation is stimulated in plasma from MSUD patients.

0.009 1 * *
0.008+
0.007
0.006
0.005
0.004
0.003
0.002 1
0.001 1

0-

TBA
(nmol TBA . mg protein ™)

Control Group | Group Il

Fig. 1 Comparison between thiobarbituric acid reactive substances (TBARS) in plasma from MSUD
patients during treatment and controls. Data represent the mean+SE (n=>5). Single asterisk p<0.05,
compared to controls (ANOVA, followed by the Duncan multiple range test). Group I: low plasma leucine
levels; group II: high plasma leucine levels
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Fig. 2 Comparison between total antioxidant reactivity (TAR) in plasma from MSUD patients during
treatment and controls. Data represent the mean+SE (n=>5). Single asterisk p<0.001, compared to controls
(ANOVA, followed by the Duncan multiple range test). Pound sign p<0.001, compared to group II
(ANOVA, followed by the Duncan multiple range test). Group I: low plasma leucine levels; group II: high
plasma leucine levels

Furthermore, TAR measurement was significantly reduced in plasma of MSUD
patients independently of the concentration of Leu (high and low Leu levels), as
compared to the control group [F(2,12)=30.196, p<0.001] (Fig. 2). It can be also
observed in the figure that group I is different from group II. Considering that TAR
measurement reflects the tissue capacity to react with free radicals, these results

1.8+
1.6-
14-
1.2-

1.
0.8~
06

TAS
(mmol . L plasma )

0.4+
0.2+

0,
Control Group | Group Il

Fig. 3 Comparison between total antioxidant status (TAS) in plasma from MSUD patients during
treatment and controls. Data represent the mean+SE (n=5). No significant differences between means
were found (ANOVA). Group I: low plasma leucine levels; group II: high plasma leucine levels
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suggest a deficient capacity of plasma from treated MSUD patients to modulate the
damage associated with the enhanced production of reactive species.

We also observed that TAS measurement, which represents the quantity of tissue
antioxidants, was not altered in plasma from treated MSUD patients (group I and
group II), as compared to the control group [F(2,12)=3.352, p>0.05] (Fig. 3).

Finally we found no correlation between Leu, Ile and Val blood levels and
TBARS, TAR and TAS measurements (results not shown).

Discussion

MSUD treatment is directed to minimize the accumulation of the toxic metabolites
BCAA and BCKA and decisively contributes to the survival of affected individuals.
However, some patients present a variable degree of developmental delay and
mental retardation that are attributed to a poor adherence to the restricted diet
(Chuang and Shih 2001).

Although the mechanisms underlying the pathophysiology of the brain damage in
MSUD are still poorly understood, high plasma levels of Leu and its ketoacid
derivative o-ketoisocaproate have been correlated with the appearance of neurological
symptoms (Chuang and Shih 2001). Furthermore, it has been demonstrated that the
metabolites accumulating in MSUD cause impairment of energy metabolism by
inhibiting the electron transport chain (Sgaravatti et al. 2003) and creatine kinase
activity (Pilla et al. 2003), induce neuronal apoptosis (Jouvet ez al. 2000), convulsions
(Coitinho ef al. 2001), impairment of neurotransmitter synthesis and function (Zielke
et al. 1996; Tavares et al. 2000), induce alterations of myelin synthesis or degradation
(Treacy et al. 1992; Tribble and Shapira 1983; Taketomi et al. 1983) and also reduce
the uptake of essential amino acids by the brain (Aragjo et al. 2001).

Human and animal studies have indicated that metabolites accumulating in
various inborn errors of metabolism induce excessive free radical production and
reduce the tissue antioxidant defenses (Colome et al. 2000; Wajner et al. 2004). In
this context, oxidative stress has been demonstrated in patients with phenylketonuria
(Sirtori et al. 2005) and adrenoleukodystrophy (Vargas et al. 2004) and leucine and
«-ketoisocaproate were shown to stimulate in vitro lipid peroxidation and reduce the
cerebral antioxidant reactivity in cerebral homogenates from young rats (Fontella
et al. 2002; Bridi et al. 2003; Bridi et al. 2005a).

We have recently verified that plasma from MSUD patients at diagnosis present
increased lipid peroxidation and decreased antioxidant reactivity, indicating the
involvement of oxidative stress in the pathogenesis of this disease (Barschak et al.
2006). In order to extend this investigation and better understand the involvement of
oxidative stress in the pathophysiology of MSUD, in the present study we measured
TBARS, TAR and TAS in plasma from MSUD patients with high and low levels of
leucine and compared to plasma from normal age matched individuals. We also
investigated whether alterations of those parameters were correlated with plasma
leucine concentrations, as well as, isoleucine and valine.

We demonstrated that TBARS measurement was significantly increased in plasma
from treated MSUD patients with both high and low leucine levels. Since TBARS
reflects the formation of malondialdehyde, an end product of membrane fatty acid
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peroxidation (Halliwell and Gutteridge 2001; Esterbauer and Cheeseman 1990),
these data suggest that patients under treatment present increased lipid oxidative
damage (lipid peroxidation) independently of plasma Leu levels. Furthermore, we
did not find a correlation between plasma concentrations of leucine, valine and
isoleucine with the lipid peroxidation parameter TBARS. Taken together these
observations, it may be presumed that leucine and the other BCAA are not directly
associated to free radical production in MSUD.

We also observed that TAR measurement, which represents the capacity of a tissue to
modulate the damage associated with an increased production of free radicals, reflecting
the quality of non enzymatic antioxidants (Lissi et al. 1995), was significantly
decreased in plasma from treated MSUD patients and that this decrease was not
dependent on the plasma concentrations of leucine. In addition, TAS (total antioxidant
status) measurement, which corresponds to the total quantity of tissue non enzymatic
antioxidants, was not altered plasma of MSUD patients presenting low and high
leucine levels. It may be therefore presumed that the dietetic treatment (low protein
diet) contributed to reduce the tissue antioxidants in these patients since strict protein
ingest may secondarily deplete essential substances involved in the antioxidant system,
like minerals, vitamins and selenium. We believe that lack of nutrients may be
involved in the reduction of antioxidant defenses observed in our present study since
patients with low blood leucine levels (more adherent to treatment) would theoretically
have greater nutrient deficiency than those with high plasma leucine concentrations
and consequently much lower TAR, what was observed in ours patients. These
observations, allied to the fact that no correlation was found between leucine, valine
and isoleucine with TBARS, TAR and TAS values, indicate that other factors than the
BCAA should be investigated to explain our present results.

In summary, taken together the present and previous findings (Barschak et al.
20006), it can be concluded that MSUD patients present increased lipid peroxidation
and decreased antioxidant defenses at diagnosis and after treatment, which is strongly
indicative that oxidative stress may be an underlying mechanism of tissue damage in
this disorder. We also observed that the alterations observed were not associated to the
plasma levels of leucine, suggesting that other factors, including the BCKA, which are
primarily accumulated in these patients, are potentially responsible for the oxidative
damage in this disorder. It could be therefore presumed that oxidative stress may
contribute at least in part to the chronic progressive neurological damage observed in
MSUD patients. Thus, it is desirable that more studies involving other oxidative stress
parameters and a larger number of treated patients are carried out in order to better
understand the contribution of oxidative stress in MSUD pathophysiology.
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Abstract

Maple syrup urine disease (MSUD) is an inherited disorder caused by a deficiency of the branched-chain a-keto acid dehydrogenase complex
activity. In the present study we evaluated selenium levels in plasma from MSUD patients at diagnosis and under treatment and the activities of
glutathione peroxidase, catalase and superoxide dismutase in erythrocytes from treated patients. We verified that MSUD patients present a
significant selenium deficiency at diagnosis, which becomes more pronounced during treatment, as well as a decrease of erythrocyte glutathione
peroxidase activity during treatment. In contrast, erythrocyte catalase and superoxide dismutase activities were not altered in these patients. Our
present results suggest that the reduction of an important antioxidant enzyme activity may be partially involved in the pathomechanisms of this
disorder and that plasma selenium levels must be corrected through dietary supplementation in MSUD patients.

© 2007 ISDN. Published by Elsevier Ltd. All rights reserved.

Keywords: MSUD; Selenium; Glutathione peroxidase; Oxidative stress

Maple syrup urine disease (MSUD) is an inherited disorder
caused by a deficiency of the branched-chain a-keto acid
dehydrogenase complex (BCKAD) activity. The blockage of
this pathway leads to tissue accumulation of the branched-chain
amino acids (BCAA) leucine (Leu), isoleucine (Ile) and valine
(Val) and their, respective a-keto-acids (Chuang and Shih,
2001; Treacy et al., 1992). MSUD treatment consists of a low
protein diet and a semi-synthetic formula restricted in BCAA
and supplemented with essential amino acids. This treatment
reduces the BCAA plasma concentrations and minimizes the
toxic effect of the accumulating metabolites (Chuang and Shih,
2001).
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Animal studies have shown that excessive free radical
production and reduced tissue antioxidant defenses are induced
by the metabolites accumulating in various inborn errors of
metabolism (Colome et al., 2000; Fontella et al., 2000; Latini
etal., 2002; de Oliveira Marques et al., 2003; Fontella et al., 2002;
Fighera et al., 2003; Bridi et al., 2003; Wajner et al., 2004; Bridi
etal., 2005). Furthermore, human studies have demonstrated that
oxidative stress occurs in patients with phenylketonuria (Sierra
et al., 1998; Sirtori et al., 2005) and adrenoleukodystrophy
(Vargas et al., 2004). Furthermore, we have recently demon-
strated that plasma from MSUD patients at diagnosis present
increased lipid peroxidation and decreased antioxidant defenses
(Barschak et al., 2006), indicating the involvement of oxidative
stress in the pathogenesis of this disease.

In the present study we evaluated selenium (Se) levels in
plasma from MSUD patients at diagnosis and under treatment
and the activities of glutathione peroxidase (GSH-Px), catalase
(CAT) and superoxide dismutase (SOD) in erythrocytes from
treated patients.
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Table 1

A.G. Barschak et al./Int. J. Devl Neuroscience 25 (2007) 335-338

Age at diagnosis, age at testing, length of treatment and clinical findings of MSUD treated patients

Patients Age at Age at testing Length of treatment Clinical features
diagnosis ;

At presentation Under treatment

1 1 month 1 year and 7 months 1 year and 6 months Poor feeding, hypotonia, seizures Severe psychomotor retardation

2 1 month 2 years and 4 months 2 years and 3 months Ketoacidosis, hypertonia Moderate psychomotor retardation

3 16 days 3 years and 9 months 3 years and 9 months Poor feeding, hypotonia Severe developmental delay

4 1 month 3 years and 11 months 3 years and 10 months Poor feeding, hypotonia, Moderate psychomotor retardation
coma, hypoglycemia

5 12 days 7 years and 6 months 7 years and 6 months Poor feeding, hypotonia, Severe mental retardation
hypoglycemia

Table 2

Plasma concentrations of leucine (Leu), isoleucine (Ile), valine (Val) and alloisoleucine (Allo) in controls and MSUD patients at diagnosis and during treatment

Leu (pmol/L)

Ile (pmol/L)

Val (pmol/L) Allo (pmol/L)

Control
MSUD patients at diagnosis
Treated MSUD patients

158 +£37.6 (5)
2746 £+ 939* (4)
485 +280 (5)

76.5 £ 18.0 (5)
415 £ 192* (4)
187 £ 138 (5)

260 £ 39.7 (5)
710 = 358* (4)
227 £ 159 (5)

Nd (5)
69.3 £+ 42.7 (4)
448 £31.1 (5)

Values represent mean + S.D. (number of cases). *p < 0.05, different from controls and treated patients (ANOVA followed by the Duncan multiple range test). Nd:

not detected
1. Materials and methods

We obtained blood samples from nine distinct MSUD patients with the
classic form of the disease, four at diagnosis and five under treatment. The group
of non-treated MSUD patients whose samples were obtained at diagnosis aged
between 12 days and 10 months. The most common clinical features of these
patients were convulsions, coma, hypoglycemia, poor feeding, ketoacidosis and
psychomotor delay. Table 1 displays age of diagnosis, age at testing, length of
treatment and clinical profile of MSUD patients under treatment. The treatment
consisted of a natural protein restricted diet with low BCAA (Leu: until 12-
months-old: 40-80 mg/kg/day, after 1 year of age: 275-535 mg/day; Ile: until
12-months-old: 20-50 mg/kg/day, after 1 year of age: 165-325 mg/day; Val:
until 12-months-old: 20-60 mg/kg/day, after 1 year of age: 190-375 mg/day)
and supplemented with a semi-synthetic formula of essential amino acids
(MSUD 1 or MSUD 2 Milupa®) containing small amounts of vitamins C
(0.8-1.6 mg/g), D (0.05-0.21 pg/g) and E (0.18-0.27 mg/g) as well as molib-
denium (1.0-2.0 pg/g) and manganese (24 pg/g). It is important to emphasize
that this semi-synthetic diet do not contain selenium. Table 2 shows plasma Val,
Ile, Leu and alloisoleucine (Allo) concentrations in MSUD patients at diagnosis
and under treatment and in normal healthy age matched individuals (controls).
Blood amino acids levels were measured by HPLC according Joseph and
Marsden (1986), with slight modifications (Wajner et al., 2000). Atomic
absorption spectrophotometry was used for plasma selenium determination.
Plasma selenium concentrations were determined in controls and MSUD
patients at diagnosis and under treatment. The activities of the antioxidant
enzymes glutathione peroxidase (GSH-Px), catalase (CAT) and superoxide
dismutase (SOD) were determined in erythrocytes from treated MSUD patients.
GSH-Px activity was measured by the method of Wendel (1981), CAT activity
was assayed by the method of Aebi (1983) and SOD activity was determined
using the RANSOD kit (Randox, United Kingdom). For the statistical analysis,
Student’s #-test and one-way ANOVA, followed by the Duncan multiple range
test were utilized. Correlations were carried out using the Pearson correlation
coefficient. A p-value less than 0.05 was considered significant.

The present study was approved by the Ethical Committee of Hospital de
Clinicas de Porto Alegre, RS, Brazil. All parents of the patients included in the
present study gave informed consent.

2. Results

Table 3 shows plasma selenium values in MSUD patients
and controls. It was observed that plasma Se levels in MSUD

Table 3
Plasma selenium levels from MSUD patients and controls

Selenium (pg/dL)

Control
MSUD patients at diagnosis
Treated MSUD patients

7.88 £1.31 (5)
4.05 £2.26* (4)
2.14 £ 0.20% (5)

Values represent mean + S.D. (number of cases). *p < 0.001, different from
controls (ANOVA followed by the Duncan multiple range test).

patients at diagnosis and under treatment were significantly
different from controls [F(2, 11) = 20.751, p < 0.001]. It can be
also seen in the table that plasma Se levels were reduced
(around 50%), but not significantly, in treated MSUD patients,
as compared to MSUD patients at diagnosis.

Table 4 shows that the activity of GSH-Px was significantly
decreased in treated MSUD patients [#(7) = 3.502, p < 0.05],
whereas CAT [#(8) = —0.353, p > 0.05] and SOD [#(7) = 4.782,
p > 0.05] activities were not altered, as compared to the
controls.

Finally, we found no significant correlation between plasma
selenium and Leu [ = 0.316,p > 0.05],1le [» = 0.108, p > 0.05]
or Val [r =0.071, p > 0.05] levels and between plasma Se levels
and erythrocyte GSH-Px activity [r = 0.223, p > 0.05].

Table 4
Antioxidant enzyme activities in erythrocytes from MSUD patients and controls
GSH-Px CAT SOD
Control 0.64 £ 0.04 (5) 5.10 £ 1.52 (5) 435+£095 (4)
Treated MSUD 0.47 £ 0.09* (4) 5.34£0.38 (5) 6.35 £3.35 (5)
patients

CAT: catalase (pmol/mg prot); GSH-Px: glutathione peroxidase (mU/mg prot);
SOD: superoxide dismutase (U/mg protein). Data represent the mean + S.D.
(number of cases). One U is defined as 1 wmol of NADPH consumed per min
for GSH-Px. *p < 0.05, different from controls (Student’s t-test).
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3. Discussion

Our objective in the present study was to evaluate the
selenium levels in plasma from MSUD patients at diagnosis and
under treatment, as well as to verify the activities of glutathione
peroxidase (GSH-Px), catalase (CAT) and superoxide dis-
mutase (SOD) in erythrocytes from treated patients, trying to
correlate GSH-Px activity with selenium levels. GSH-Px
functions as a part of the antioxidant system that protects
membranes and essential proteins from the potentially
damaging effects of reactive oxygen and lipid peroxides
(Lombeck et al., 1996; Schulz et al., 2000). Selenium is an
important trace element and diet (predominantly grains, cereals
and meat) represents the only source of selenium in humans
(Brenneisen et al., 2005). Dietary selenium is important to
provide the selenium-containing cofactor for the glutathione
peroxidase enzyme (Halliwell and Gutteridge, 2001).

CAT is a ferric heme protein that directly catalyses the
decomposition of hydrogen peroxide, whereas GSH-Px
presents a similar function as to CAT breaking predominantly
lipid peroxides (Halliwell and Gutteridge, 2001). SOD removes
the anion superoxide by accelerating the rate of its dismutation
to hydrogen peroxide (Halliwell and Gutteridge, 2001).

We verified that MSUD patients present a moderate
selenium deficiency at diagnosis and a marked deficiency of
this element under treatment. This may possibly be secondary
to a protein restricted diet that implies less amount of dietary
selenium. In this context, patients presenting inborn errors of
amino acid metabolism are potentially at risk for selenium
deficiency once their usual treatment consists of a protein
restricted diet (Chuang and Shih, 2001).

However, there was no correlation between the plasma
branched-chain amino acids (BCAA) leucine, isoleucine and
valine with plasma selenium levels, suggesting that the major
accumulating metabolites in MSUD are not directly associated to
selenium deficiency. These findings do not necessarily rule out a
causative association, so that the inclusion of a larger sample size
would be important to better evaluate this association.

We also observed in the present study a significant decrease
of erythrocyte glutathione peroxidase (GSH-Px) activity in
treated MSUD patients, but we did not find a correlation
between erythrocyte GSH-Px activity and plasma Se concen-
trations. Thus, it is presumed that Se deficiency was not
responsible for the deficient activity of this enzyme, implying
that other factors may be involved in this effect. We also
verified that erythrocyte CAT and SOD activities were not
altered in treated MSUD patients, indicating that GSH-Px
deficient activity was a specific finding in these MSUD patients.

In summary, our data shows that the plasma BCAA and Allo
concentrations were decreased in treated MSUD patients, but
not to near normal levels indicating that the patients were not
strictly adherent to the therapy. Furthermore, plasma Se levels
were decreased in non-treated and particularly in patients under
treatment. These findings, allied to a poor adherence to the
protein restricted diet with low BCAA, may possibly explain
why all treated patients presented a variable degree of
psychomotor delay/mental retardation. However, it must be

emphasized that the overall clinical manifestations of MSUD
patients at diagnosis were more severe, presenting mainly
hypotonia, poor feeding, hypoglycemia ketoacidosis, convul-
sions and coma.

Recently, we demonstrated an increased lipid peroxidation
and decreased antioxidant reactivity in plasma of MSUD
patients at diagnosis (Barschak et al., 2006). Our present results
therefore indicate that an important antioxidant activity (GSH-
Px) is decreased in MSUD patients under treatment, further
indicating that oxidative stress may be considered as one of the
pathomechanisms involved in this disorder. Furthermore, since
Se levels were markedly deficient in MSUD treated patients, it
is proposed that dietary Se supplementation should be
incorporated as an adjuvant therapy in MSUD.
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Abstract

Objective: The objective of this study was to evaluate and correlate the biochemical and oxidative stress profiles in MSUD patients during the

dietary treatment.

Design and methods: Plasma samples from treated MSUD patients were used to evaluate the biochemical profile and oxidative stress

parameters.

Results: It was observed that glucose, total cholesterol, albumin and creatinine are reduced and that aspartate aminotransferase and lactate
dehydrogenase activities are increased in plasma from MSUD patients under treatment. Besides, it was verified an increase of thiobarbituric acid-
reactive species (TBARS) and a decrease of total antioxidant reactivity (TAR).

Conclusions: Our results suggest that oxidative stress occurs in treated MSUD patients and that dietary treatment and clinical conditions
associated to the disease can lead to biochemical alterations in these patients.
© 2007 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Keywords: Maple syrup urine disease; Biochemical profile; Lipid peroxidation; Antioxidant reactivity

Introduction

Maple syrup urine disease (MSUD) or branched-chain keto-
aciduria is an inborn error of metabolism caused by a deficiency of
the branched-chain a-keto acid dehydrogenase complex
(BCKAD) activity. This blockage leads to accumulation of the
branched-chain amino acids (BCAA) leucine, isoleucine, and
valine, and their corresponding a-keto acids («-ketoisocaproic, a-
keto-3-methylvaleric and a-ketoisovaleric, respectively). MSUD
is an autosomal recessive metabolic disorder with a world
frequency estimated in approximately 1 in 185,000 newborns [1].

Based on the clinical presentation and biochemical responses to
thiamine administration, MSUD can be divided into five phe-

* Corresponding authors. Servico de Genética Médica, HCPA, Rua Ramiro
Barcelos, 2350 CEP 90.035-903, Porto Alegre, RS, Brazil. Fax: +555121018010.
E-mail addresses: aletheagatto@gmail.com (A.G. Barschak),
crvargas@hcpa.ufrgs.br (C.R. Vargas).

notypes: classic, intermediate, intermittent, thiamine-responsive
and dihydrolipoyl dehydrogenase (E3)-deficient [1,2]. The classic
form has a neonatal onset of encephalopathy and is the most
severe and common form. The main clinical signals presented by
MSUD patients include ketoacidosis, hypoglycemia, opisthoto-
nos, poor feeding, apnea, ataxia, convulsions, coma, psychomo-
tor delay and mental retardation. Severe brain edema is usually
seen in MSUD patients who died during acute metabolic crisis
[1,3,4].

The levels of the BCAAs leucine, isoleucine and valine are
greatly increased in tissues and biological fluids of the patients, and
with the presence of alloisoleucine, they are diagnostic of MSUD.
High levels of leucine and a-ketoisocaproic acid seem to be the
main important neurotoxic metabolites in MSUD [1,5]. The
treatment involves restriction in the protein ingestion and a specific
formula of essential amino acids except those accumulated in the
DXB, as well as the aggressive intervention during acute metabolic
decompensation. The majority of untreated classic patients die

0009-9120/$ - see front matter © 2007 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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within the early months of life from recurrent metabolic crisis and
neurologic deterioration. The age of diagnosis and the subsequent
metabolic control are the most important determinants of
prognostic.

Free radicals are molecules or atoms presenting unpaired
electrons in their outer orbitals, which make them very unstable
and reactive. Free radicals present an enormous capacity to react
with diverse integrant molecules of the cellular structure
and derived from each one of them [6]. The free radicals can
be produced by exogenous (radiation, tobacco and stress, for
example) and endogenous sources [7]. In vivo they are produced
in all cells as by-products of normal metabolism, and endo-
genous mechanisms exist to reduce their formation or increase
their inactivation [8]. The enzymatic antioxidant defenses in-
volve mainly the superoxide dismutase, catalase and glutathione
peroxidase enzymes, whereas the nonenzymatic antioxidant
systems involve small molecules as vitamins, glutathione, and
uric acid [6].

The imbalance between the formation and the removal of the
free radicals in the organism, decurrent of the reduction of the
endogenous antioxidants and/or of the increase of the generation
of oxidant species generates a prooxidant state defined as oxi-
dative stress [60]. Increasing evidences show that the oxidative
stress is involved in a large number of diseases, for example,
arterioscleroses, diabetes, neurodegenerative disorders, such as
Alzheimer’s disease and Parkinson’s disease, cancer and aging,
among others [8,9]. In this context, studies in animals have
showed that the excessive production of free radicals and the
decrease of antioxidant defenses are induced by metabolites
accumulated in several inborn errors of metabolism [10—15].
Besides, studies in humans showed that oxidative stress occurs
in patients with phenylketonuria [16,17] and X-linked adre-
noleukodystrophy [18,19]. Recently, it was demonstrated an
increase of the lipid peroxidation and a decrease of the anti-
oxidant defenses in MSUD untreated patients [20], indicating
that oxidative stress is involved in the pathophysiology of this
disease.

Thus, the aim of the present study was to evaluate and
correlate the biochemical profile and oxidative stress parameters
in plasma from MSUD patients during the dietary treatment.

Material and methods
Patients and controls

Plasma samples obtained from seven treated MSUD patients
(classic form) were used to evaluate the biochemical profile and
oxidative stress parameters. The treatment consisted of a natural
protein restricted diet with low BCAA and supplemented with
a semi-synthetic formula of essential amino acids containing
small amounts of vitamins and minerals. The average duration of
treatment at the test time was 3 years and 5 months. Table 1
displays age of diagnosis, age at testing, length of treatment and
clinical profile of MSUD patients under treatment. Plasma levels
of leucine, isoleucine, valine and alloisoleucine at the test were
365.9+287.9 umol/L, 99.0+65.3 pmol/L, 197.7+184.2 umol/L
and 25.6+14.0 umol/L, respectively. Blood amino acids were

determined by HPLC method [21]. Control group was composed
of eighth healthy individuals with similar age to the patients (1 to
8 years) (leucine 158.3+37.6 umol/L, isoleucine 76.5+ 18.0 umol/
L, valine 260.7+39.7 pumol/L and alloisoleucine were not
detected).

The present study was approved by the Ethical Committee of
Hospital de Clinicas de Porto Alegre, RS, Brazil. All parents
of the patients included in the present study gave informed
consent.

Plasma preparation

Plasma was prepared from whole blood samples obtained
from fasting individuals (controls and MSUD patients) by
venous puncture using vials with EDTA. Whole blood was
centrifuged at 1000xg and plasma was removed by aspiration
and frozen at —80 °C until determinations.

Determination of the biochemical parameters

Glucose

Glycemia measurement was carried out using the method of
the glucose oxidase that catalyzes the oxidation of the glucose and
hydrogen peroxide formation, which reacts with 4-aminoantipyr-
ine and phenol under the catalytic action of peroxidase, to form a
colored complex whose intensity of color is proportional to the
glucose concentration in the sample (Glucose PAP kit, Diagnostic
Labtest).

Total cholesterol

Total cholesterol was determined in accordance with the
method of the cholesterol esterase. The formed free choles-
terol is oxidated producing hydrogen peroxide that reacts with
4-aminoantipyrine to form a red complex, whose intensity of
color is proportional to the cholesterol concentration in the
sample (Cholesterol kit, Diagnostic Labtest).

HDL cholesterol

Cholesterol HDL was measured through cholesterol esterase
method for dosage of described total cholesterol above, after the
precipitation of lipoproteins of low and very low density with
phosphotungstic acid and magnesium chloride (Cholesterol
HDL kit, Diagnostic Labtest).

LDL cholesterol

Cholesterol LDL was determined through calculation, using
the Friedewald formula (cholesterol LDL=total cholesterol—
(cholesterol HDL +triglycerides/5)) for values of triglycerides
until 400 mg/dL.

Triglycerides

Triglycerides had been measured in accordance with
the method of lipoprotein lipase, where glycerol set free is
converted to glycerol-3-phosphate by the action of glycerolk-
inase, and it is oxidated to form hydrogen peroxide. This reacts
with the 4-aminoantipyrine producing a violet complex whose
intensity of color is proportional to the concentration of
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Age at diagnosis, age at testing, length of treatment and clinical findings of MSUD patients

319

Patients ~ Age at Age at testing Length of treatment Clinical Features
diagnosis At presentation Under treatment
1 1 month 1 year and 7 months 1 year and 6 months Poor feeding, hypotonia, seizures Severe psychomotor retardation
2 1 month 2 years and 4 months 2 years and 3 months Ketoacidosis, hypertonia Moderate psychomotor retardation
3 16 days 3 years and 9 months 3 years and 9 months Poor feeding, hypotonia Severe developmental delay
4 1 month 3 years and 11 months 3 years and 10 months  Poor feeding, hypotonia, coma, hypoglycemia = Moderate psychomotor retardation
5 12 days 7 years and 6 months 7 years and 6 months Poor feeding, hypotonia, hypoglycemia Severe mental retardation
6 4 months 1 year and 7 months 1 year and 3 months Hypotonia, seizures Severe psychomotor retardation
7 2 months 1 year and 7 months 1 year and 5 months Poor feeding, hypotonia, seizures Moderate developmental delay

triglycerides in the sample (Triglycerides GPO-ANA kit, Diag-
nostic Labtest).

Transaminases

Transaminases (alanine aminotransferase — ALT and as-
partate aminotransferase — AST) had been determined in ac-
cordance with the kinetic method, which is based on the
transference of the amine group of amino acids L-alanine (ALT)
or L-aspartate (AST) for the alpha-ketoglutarato producing its
corresponding a-keto acid, which reacts with a secondary en-
zyme (lactate dehydrogenase or malate dehydrogenase) produ-
cing one hydrazone in alkaline way, which is proportional to the
activity of the ALT or AST, respectively in the sample (AST and
ALT kit, Diagnostic Labtest).

Creatine kinase

Creatine kinase (CK) was determined in accordance with the
kinetic method. Creatine phosphate was dephosphorylated leading
to the formation of adenosine triphosphate (ATP), which reacts
with glucose producing glucose-6-phosphate that was oxidated to
6-phosphogluconate reducing NAD to NADH. This reduction is
proportional to CK activity in the sample (CK-NAC kit, Diag-
nostic Labtest).

Lactate dehydrogenase

Lactate dehydrogenase (LDH) was measured through
colorimetric method. LDH catalyzes the reversible reaction of
lactate-pyruvate in the presence of NAD, which is reduced to
NADH. NADH reduces p-iodonitrotetrazolium leading to the
formation of a colored product proportional to LDH activity in
the sample (Lactate dehydrogenase kit, Diagnostic Labtest).

Albumin

Albumin was measured in accordance with the method
of the bromo cresol green. The albumin interacts with the
buffered bromocresol green, and due to proteinic error of
pointers, green color formation occurs, which is proportional
to the albumin concentration in the sample (Albumin Kit,
Diagnostic Labtest).

Creatinine

Creatinine was measured by the method of the picrate, which
reacts with the creatinine in the sample, after addition of acid
reagent for elimination of pseudo-creatinines, producing a red
color complex, which intensity is proportional to the concentra-

tion of creatinine in the sample (Creatinine K Kit, Diagnostic
Labtest).

Urea

Urea determination was carried out by the method of urease,
in which the urea in the sample is hydrolyzed to form am-
monium, which reacts with salicylate and sodium hypochlorite,
in alkaline pH and using nitroprusside as catalytic agent, to form
blue of indofenol. The intensity of the formed color is pro-
portional to the amount of urea in the sample (Urea CE Kkit,
Diagnostic Labtest).

Uric acid

Uric acid was determined by the method of uricase, in which
it was oxidated to alantoine and hydrogen peroxide, which
reacts with 4-aminoantipyrine and dichloro hydroxy benzene
sulfonate (DHBS) in the presence of peroxidase producing a red
complex, whose intensity of color is proportional to the con-
centration of uric acid in the sample (Uric acid kit, Diagnostic
Labtest).

Determination of oxidative stress parameters

Thiobarbituric acid-reactive species (TBARS)

Thiobarbituric acid-reactive species (TBARS) were deter-
mined according to the method described by Buege and Aust
[22]. Briefly, 250 pL of 10% trichloroacetic acid was added to
125 pL of plasma, then 375 pL 0.67% thiobarbituric acid (in
7.1% sodium sulfate) was added and incubated at 100 °C for
30 min. After the incubation, the mixture was extracted with
750 uL butanol. The resulting pink stained TBARS were de-
termined in a spectrofluorimeter at 515 nm. Calibration curve
was performed using 1,1,3,3-tetramethoxypropane subjected to
the same treatment as that of the samples. TBARS were cal-
culated as nmol TBARS/mg protein.

Total antioxidant reactivity (TAR)

TAR, which represents the quality of the tissue antioxidants,
was determined by measuring the luminol chemiluminescence
intensity induced by 2,2'-azo-bis-(2-amidinopropane) (ABAP)
according to the method of Lissi et al. [23]. The background
chemiluminescence was measured by adding 4 mL of 2 mM
ABAP (in 0.1 M glycine buffer, pH 8.6) into a glass scintillation
vial. Ten microliters of luminol (4 mM) was added to each vial
and the chemiluminescence was measured. This was considered
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Fig. 1. Plasma glucose from MSUD patients and controls. Data represent the
mean+SD (n=6-7). *p<0.05 (Student’s 7 test for unpaired samples) compared
to control.

to be the basal value. Ten microliters 0of 25—-200 pM Trolox (curve
calibration) or plasma was then added and the chemiluminescence
was measured during 60 s. The Trolox and plasma addition
reduces the chemiluminescence. The rapid reduction in luminol
intensity is considered as a measure of the TAR capacity. TAR
measurement was calculated as nmol Trolox/mg protein.

Total proteins

Protein concentrations were determined by the Biuret
method (Total protein kit, Diagnostic Labtest), using albumin
as standard.
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Statistical analysis

The Student’s ¢ test for unpaired samples was used to
compare means between controls and MSUD patients. Correla-
tions were carried out using the Pearson correlation coefficient.
Only significant values are shown in the text. A p value less than
0.05 was considered significant. All analyses were performed
using the Statistical Package for the Social Sciences (SPSS)
software in a PC-compatible computer.

Results

Fig. 1 shows glycemia measurement in controls and MSUD
patients under dietary treatment. It can be observed that MSUD
patients presented a significant reduction in the plasma levels of
glucose [#(11)=2.508, p<0.05] as compared to the controls.
The glucose levels presented by these patients are below refe-
rence values (70—105 mg/dL).

Fig. 2 shows the lipidic profile in controls and treated MSUD
patients. It can be seen that the concentrations of total cho-
lesterol (A) [#(13)=2.894, p<0.05] were significantly reduced
in MSUD patients as compared to the control group. How-
ever, both groups presented values in the reference range (112—
205 mg/dL). The plasma levels of HDL cholesterol (B) [#(12)=
0.591, p>0.05], LDL cholesterol (C) [#(11)=0.140, p>0.05]
and triglycerides (D) [#(13)=0.988, p>0.05] in the MSUD patients
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Fig. 2. Lipidic profile in plasma from MSUD patients and controls [total cholesterol (A), HDL cholesterol (B), LDL cholesterol (C) and triglycerides (D)].
Data represent the mean=SD (n=7-8). ¥*p<0.05 (Student’s 7 test for unpaired samples) compared to control.
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Fig. 3. Plasma transaminases [aspartate aminotransferase (AST) (A) and alanine aminotransferase (ALT) (B)], creatine kinase (CK) (C) and lactate dehydrogenase (D)
from MSUD patients and controls. Data represent the mean+SD (n=5-7). *p<0.05 (Student’s ¢ test for unpaired samples) compared to control.

were not significantly different when compared to the control
group.

Fig. 3 shows enzymatic activities of AST, ALT, CK and LDH
in plasma of MSUD patients. These patients presented an in-
crease of AST activity (A) [#(12)=—2.281, p<0.05] when com-
pared to the control group, lightly increased in relation to the
reference range (10—40 UI/L). The levels of ALT (B) had not
been significantly different from the controls [#(12)=—0.107,
p>0.05]. We can also observe that LDH activity (D) was
increased in plasma of MSUD patients [/(10)=—2.364, p<0.05]
when compared to the control group, both groups presented

Albumin (g/dL)

MSUD

Control

Fig. 4. Plasma albumin from MSUD patients and controls. Data represent the
mean+SD (n=5-7). **p<0.01 (Student’s 7 test for unpaired samples) compared
to control.

values in the reference range (110-295 UI/L). However, CK
activity (C) was not altered in these patients [#(9)=2.470,
p>0.05].

It can be observed in Fig. 4 that MSUD patients presented a
reduction in the plasma levels of albumin [#10)=5.685, p<0.01]
when compared to the control group, these levels being below
reference range (3.8-5.4 g/dL).

The concentrations of creatinine, urea and uric acid in the
plasma of controls and MSUD patients were determined. As it can
be observed, in Fig. 5, MSUD patients presented a significant
reduction in plasma levels of creatinine (A) [#12)=4.076, p<0.01]
relatively to the control group. The plasma levels of creatinine in
these patients were below the reference values (0.3—0.7 mg/dL).
We did not observe alterations in the urea (B) [#(12)=—1.813,
p>0.05] and uric acid levels (C) [#10)=—0.391, p>0.05] when
compared to the control group.

Fig. 6 shows the measure of thiobarbituric acid-reactive
species (TBARS) and total antioxidant reactivity (TAR) in
plasma from controls and MSUD patients. It was observed a
significant increase of TBARS (A) [#(11)=—-3.112, p<0.05],
while TAR was markedly reduced (B) [#9)=2.273, p<0.05],
when compared to the controls.

A significant positive correlation was observed between the
plasma levels of triglycerides and TBARS measurement
[r=0.838, p<0.05]. Correlation between the other biochemical
parameters and the oxidative stress parameters was not
observed.
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Discussion

The deficiency in the activity of the branched-chain a-keto
acid dehydrogenase complex is clinically characterized by
ketoacidosis, convulsions, coma, psychomotor delay and mental
retardation. The mechanisms of the neurological symptoms
presented by MSUD patients are still poorly understood.
However, considering that high concentrations of leucine and/or
a-ketoisocaproate were associated with the appearance of the
neurological symptoms, these compounds seem to be the main
neurotoxic metabolites in the illness [1,5]. Animal studies have
shown that excessive free radical production and reduced tissue
antioxidant defenses are induced by the metabolites accumulating
in MSUD [13,14]. Recently we have demonstrated that oxidative
stress is induced in MSUD patients at diagnosis [20].

In the present study we evaluated and correlated the bio-
chemical and oxidative profiles in the plasma of MSUD patients
under dietary treatment. To our knowledge this is the first report
demonstrating the biochemical and oxidative profiles of treated
MSUD patients.
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Fig. 5. Plasma creatinine (A), urea (B) and uric acid (C) from MSUD patients
and controls. Data represent the mean+SD (n=5-7). **p<0.01 (Student’s ¢ test
for unpaired samples) compared to control.
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Fig. 6. Plasma thiobarbituric acid-reactive species (TBARS) (A) and total
antioxidant reactivity (TAR) (B) from MSUD patients and controls. Data
represent the mean+SD (n=5-7). *p<0.05 (Student’s ¢ test for unpaired
samples) compared to control.

Our results showed that glucose levels are reduced in MSUD
patients. The hypoglycemia is a common finding in these patients,
and this alteration is possibly associated with an increased secre-
tion of insulin stimulated by high concentrations of leucine pre-
sented by these patients [1].

The evaluation of the lipidic profile showed a significant
reduction in the total cholesterol levels in MSUD patients in
comparison to the control group. Once the patients are submitted
to a low protein diet of animal origin and consequently poor in
saturated fat, it is possible that this reduction could be secondary
to dietary treatment. However, HDL cholesterol, LDL choles-
terol and triglycerides were not different from controls.

It was also observed an increase in the AST activity in MSUD
patients, whereas ALT activity was not modified. Hepatic
illnesses in general provoke concomitant increase of ALT and
AST levels, being ALT the most specific enzyme of the liver.
Increases in the serum ALT activity are rarely observed in
conditions other than hepatic illness [24]. This suggests that the
isolated increase of AST observed in the studied patients could
be related to other causes. In addition, we verified that LDH
activity was increased in MSUD which could be associated to
muscular damage [24]. MSUD patients present clinical symp-
toms as lethargy, hypotonia, hypertonia and convulsions [1].
Studies have demonstrated association of muscular damages
(dystrophies and polymyosite) with increased levels of the
enzymatic activities of AST, CK and LDH [24—-26]. Our results
indicate that the increased activities of AST and LDH could be
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associated to the characteristic muscular alterations presented by
MSUD patients. However, total CK activity was not altered in
MSUD suggesting that additional studies evaluating the activity
of CK-MM (muscular isoenzyme) could contribute in better
understanding these findings.

It was also evaluated the plasma concentrations of creatinine,
urea and uric acid. The MSUD patients presented a significant
reduction in plasma creatinine levels, but urea and uric acid
concentrations were not altered. The low concentration of creat-
inine could be associated to muscular alterations presented by
patients in the course of the illness. It is important to emphasize
that creatinine is formed through free creatine in the muscle, so
the produced amount of endogenous creatinine is proportional to
muscular mass [24].

MSUD treatment consists of a restricted ingestion of proteins,
supplemented with a semi-synthetic formula of essential amino
acids except leucine, isoleucine and valine. The aim of the
treatment is to normalize the plasma levels of the BCAA, mini-
mizing the neurological damage associated mainly to increase in
leucine levels [1]. It was observed that MSUD patients presented
a reduction in plasma albumin levels, which probably reflects
deficiencies associated to low protein diet that these patients are
submitted to.

It was observed a significant increase of TBARS in plasma
from MSUD patients. Considering that TBARS reflects the
amount of malondialdehyde, an end product of lipid peroxidation
[6,27], our data indicate that lipid peroxidation is stimulated in
MSUD patients, probably secondary to free radical generation.
Already, TAR measurement, which reflects the quality of anti-
oxidant substances [28], was markedly reduced in MSUD patients,
suggesting a deficient capacity of plasma to modulate the damage
associated with the increased production of reactive species. The
increase of lipid peroxidation and the reduction of the antioxidant
defenses suggest that oxidative stress occurs in treated MSUD and
can explain at least in part the pathophysiology of this illness. It
was previously verified an increase in TBARS and a decrease in
TAR in MSUD patients at diagnosis [20].

A positive correlation was observed between plasma tri-
glycerides levels and TBARS measurement. Triglycerides are
composed by the union of three fat acids and glycerol. Fat acids
are easily oxidated by free radicals, leading to lipid peroxidation.
Considering that malondialdehyde (MDA) is an end product of
lipid breakdown due to lipid peroxidation, and TBARS reflects
the content of MDA (27), it is possible that lipid peroxidation
could be related to triglycerides amount.

In conclusion, our results show that glucose, total cholesterol,
albumin and creatinine are reduced and that AST and LDH
activities are increased in plasma from MSUD patients under
dietary treatment. It is probable that these findings are secondary
to low protein diet and/or to the characteristic clinical mani-
festations of the illness. These results suggest that serum bio-
chemical profile should be evaluated in all MSUD patients during
treatment. However, our results must be taken with caution since
our experiments were conducted with samples collected at a
single time point during treatment. Therefore, these samples
might not represent patients’ metabolic control as a whole. The
increased TBARS and the reduction of the TAR are in accordance

with our previous studies, suggesting that oxidative stress occurs
also in MSUD patients under treatment. In this context, it is
possible that dietary antioxidant supplementation could be
important as an adjuvant therapy in MSUD.
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V. DISCUSSAO

Os mecanismos responsaveis pelos sintomas  neurologicos
apresentados pelos pacientes com DXB ainda sdo pouco conhecidos. Nesse
sentido, muitos estudos vém sendo desenvolvidos no intuito de melhor
entender a fisiopatologia da DXB. Existem muitas evidéncias associando a
deficiéncia no metabolismo da leucina e os sintomas neurolégicos nesses
pacientes. Estudos mostraram que a administracdo crénica de leucina a ratos
jovens induz a déficit no aprendizado/memdria na idade adulta, indicando que
os altos niveis de leucina podem contribuir para a deterioracdo neuroldgica
observada na doenca (Mello et al., 1999). Foi também demonstrado que o
acido a-cetoisovalérico apresenta propriedades convulsivantes, sugerindo que
este metabdlito esteja envolvido na génese das convulsdes caracteristicas da
DXB (Coitinho et al., 2001). Ainda, altas concentracdes dos AACR e dos CACR
causam déficit no metabolismo energético através da inibicdo da cadeia
transportadora de elétrons (Sgaravatti et al., 2003) e da enzima creatina
quinase (Pilla et al., 2003), sugerindo que o déficit energético possa estar
envolvido nos sintomas neurolégicos apresentados na doenca. Outros autores
demonstraram que os AACR e/ou CACR acumulados na DXB provocam
apoptose neuronal (Jouvet et al., 2000), reducdo na sintese e funcédo de
neurotransmissores (Zielke et al., 1997; Tavares et al., 2000), alteracbes na
mielina (Schonberger, 2004; Treacy et al., 1992; Tribble e Shapira, 1983;
Taketomi et al., 1983) e reducdo na captacdo de aminoacidos essenciais pelo

cérebro (Araujo et al., 2001).
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Nos ultimos anos tem crescido o numero de evidéncias associando
estresse oxidativo e erros inatos do metabolismo com manifestacéo
neurologica, sugerindo que o dano oxidativo possa contribuir para a disfuncao
neurologica nessas doencas (Colomé et al., 2000; Wajner et al., 2004). Estudos
in vivo e in vitro mostraram que os acidos metilmalénico e propidnico, principais
metabolitos acumulados nas acidemias metilmalbénica e propidnica,
respectivamente, estimulam a lipoperoxidacdo e reduzem as defesas
antioxidantes em cérebro de ratos (Figuera et al., 2003; Fontella et al., 2000).
Além disso, estudos tém demonstrado que o acido 3-hidroxiglutarico estimula o
estresse oxidativo em cérebro de ratos (Latini et al., 2002; Latini et al., 2005).
Estudos em humanos mostraram que as defesas antioxidantes estao
diminuidas no plasma de pacientes com acidemias propidnica e metilmalénica
(Moyano et al.,, 1997). Ainda, estudos recentes tém demonstrado que o
estresse oxidativo esta induzido em pacientes com fenilcetondria (Artuch et al.,
2004). Foi verificado que a lipoperoxidacdo estd induzida e as defesas
antioxidantes nao—enzimaticas estdo diminuidas no plasma, bem como a
atividade da enzima glutationa peroxidase estd diminuida em eritrocitos de
pacientes fenilcetoniricos ao diagndstico e durante o tratamento dietético
(Sirtori et al., 2005; Sitta et al., 2006). Ainda, estes autores verificaram que 0s
niveis plasmaticos de fenilalanina ndo se correlacionam com o estresse
oxidativo.

Varios estudos em animais tém demonstrado o envolvimento do
estresse oxidativo na DXB. Fontella e colaboradores (2002) mostraram que 0s
aminoécidos, a-cetoacidos e a-hidroxiacidos acumulados na DXB estimulam a

lipoperoxidacdo em cérebro de ratos jovens. Corroborando com esses dados,
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Bridi e colaboradores (2003; 2005a; 2005b) verificaram que os AACR e os
CACR estimulam a lipoperoxidacdo e reduzem as defesas antioxidantes, e,
ainda, que o acido a-cetoisocaproico inibe a atividade da enzima glutationa
peroxidase no cortex cerebral de ratos. No entanto, ndo encontramos na
literatura relatos de estudos sobre estresse oxidativo em pacientes com DXB.

Dessa forma, o presente trabalho teve por objetivo investigar varios
parametros de estresse oxidativo em pacientes com DXB antes e durante o
tratamento dietético a fim de melhor entender a fisiopatologia da DXB, bem
como o efeito do tratamento atualmente preconizado para estes pacientes.
Esse projeto de pesquisa foi aprovado pelo Comité de Etica em Pesquisa do
Hospital de Clinicas de Porto Alegre, cujo parecer encontra-se em anexo
(anexo 3).

Inicialmente, foram analisadas amostras de plasma de pacientes com
DXB obtidas antes da instituicAo do tratamento (no diagndstico). Foi
demonstrado um aumento significativo do TBARS nos pacientes com DXB
quando comparado ao grupo controle. Uma vez que o TBARS reflete a
quantidade de malondialdeido formado, um produto final da peroxidacdo de
lipidios de membrana (Halliwell e Gutteridge, 2007), este resultado sugere que
a lipoperoxidacdo esta induzida em plasma de pacientes com DXB,
provavelmente devido ao aumento da formacédo de radicais livres. Apesar de
nao ter sido observado reducdo no conteudo total de antioxidantes no plasma
dos pacientes, como indicado pelos valores de TAS, foi observado uma
diminuicao significativa nos niveis de TAR. O TAR corresponde a um indice da
capacidade de um determinado tecido em modular o dano associado a

producdo aumentada de radicais livres e reflete ndo s6 a quantidade dos
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antioxidantes, mas principalmente a qualidade desses antioxidantes
(demonstrada por sua reatividade) (Lissi et al., 1995).

Estudos em animais mostraram que os aminoacidos leucina, isoleucina
e valina acumulados na DXB reduzem as defesas antioxidantes e estimulam a
lipoperoxidacdo em cortex cerebral de ratos (Bridi et al., 2003). Ainda, foi
demonstrado que os a-cetoacidos e os a-hidroxiacidos acumulados na DXB
estimulam a lipoperoxidagdo em cérebro de ratos (Fontella et al., 2002; Bridi et
al., 2005a).

Assim, os resultados observados nos pacientes com DXB antes do
tratamento (aumento da lipoperoxidacéo e a diminuicdo da capacidade de lidar
com os radicais livres) sugerem que existe um aumento na producao de
radicais livres e uma diminuicdo da reatividade antioxidante, gerando o
processo conhecido com o estresse oxidativo.

O tratamento preconizado para a DXB consiste em uma dieta pobre em
proteinas, com baixo conteuddo de AACR e suplementada com uma formula
semi-sintética contendo aminoacidos essenciais (exceto os AACR), vitaminas e
minerais. Esse tratamento diminui o acumulo de metabdlitos toxicos,
principalmente do aminoé&cido leucina e seu respectivo a-cetoacido (acido a-
cetoisocaproéico), minimizando seus efeitos deletérios ao SNC. O objetivo do
tratamento € manter os niveis plasmaticos de leucina o mais proximo possivel
dos valores de referéncia, que se encontram entre 77 e 153 umol/L (Lepage et
al., 1997) ou, preferencialmente, entre 100 e 300 umol/L que sao limites
aceitaveis no sentido de evitar danos (Morton et al., 2002). No entanto, a
disfuncéo neuroldgica pode ser observada em muitos pacientes, uma vez que o

desenvolvimento mental esta relacionado a idade de inicio da terapia (que deve
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ser o mais precoce possivel), a duracdo dos periodos de descompensacéo
metabolica e, ainda, ao estrito cumprimento da dieta a longo prazo (Chuang e
Shih, 2001; Morton et al., 2002).

Considerando o0s resultados obtidos inicialmente, indicando o
envolvimento do estresse oxidativo na DXB, buscamos estender essas
investigacdes para melhor entender a participacdo do estresse oxidativo na
DXB. Determinamos 0s mesmos parametros de estresse oxidativo (TBARS,
TAR e TAS) em pacientes com DXB em tratamento dietético. Os pacientes
tratados foram divididos em dois grupos, um grupo com niveis de leucina muito
elevados e outro com niveis de leucina baixos para verificar o efeito da terapia
sobre 0 estresse oxidativo e também se existe correlacdo entre o estresse
oxidativo nesta doenca e os niveis de leucina, isoleucina e valina, os
aminoécidos que se encontram acumulados nestes pacientes.

A medida do TBARS mostrou-se igualmente aumentada nos dois grupos
de pacientes com DXB tratados, indicando que a terapia dietética ndo altera a
lipoperoxidag&o induzida na doencga. Além disso, ndo foi observada correlacéo
entre 0os niveis plasmaticos de leucina, isoleucina ou valina e a medida de
TBARS. Foi observada ainda uma diminuicdo significativa na medida do TAR
em ambos os grupos de pacientes tratados comparativamente aos controles.
No entanto, os pacientes com baixos niveis de leucina apresentaram niveis de
TAR mais baixos que do grupo de pacientes com niveis elevados de leucina.
Além disso, nao foi verificada associacao entre essa medida antioxidante e os
niveis séricos de leucina, isoleucina ou valina. Por outro lado, ndo observamos

alteracdo da medida de TAS nos dois grupos de pacientes tratados, o que
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sugere que o conteudo de antioxidantes ndo esteja alterado nos pacientes sob
tratamento, mas apenas a reatividade antioxidante.

O organismo faz uso de uma série de compostos para neutralizar os
radicais livres formados durante o metabolismo aerébico normal. Esses
compostos em conjunto formam o sistema antioxidante que inclui enzimas,
vitaminas e oligoelementos. Para que o sistema antioxidante seja eficiente e
evite 0 dano oxidativo, € necessario que esses elementos atuem de forma
sinérgica neutralizando os radicais livres formados. A deficiéncia em qualquer
parte do sistema antioxidante pode levar ao desequilibrio gerando estresse
oxidativo (Davies, 1995).

Considerando que muitas substancias antioxidantes s&o provenientes da
dieta, é possivel que a restricdo dietética a qual os pacientes com DXB séo
submetidos possa causar a deficiéncia de vitaminas e micronutrientes
envolvidos nas defesas antioxidantes, como observado na fenilcetonuria
(Acosta, 1996; Artuch et al., 2004; Sitta et al., 2006). Dessa forma, € possivel
que o grupo de pacientes com baixos niveis de leucina, o qual parece ser mais
aderente ao tratamento, apresente uma maior deficiéncia nutricional que
aquele grupo com altos niveis de leucina e, como conseqiéncia, tenha
atividade antioxidante (TAR) menor. Nos pacientes estudados verificou-se
diminuicdo mais acentuada da reatividade antioxidante no grupo com baixos
niveis de leucina.

O selénio é um importante micronutriente, essencial para a atividade da
enzima glutationa peroxidase e a dieta (principalmente gréaos, cereais e carnes)
representa a Unica fonte de selénio para o ser humano (Brenneisen et al.,

2005). Sendo assim, em continuidade a nossa investigacdo medimos as
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concentracdes de selénio no plasma de pacientes com DXB antes e durante o
tratamento dietético e também avaliamos as atividades das enzimas
antioxidantes glutationa peroxidase (GSH-Px), catalase (CAT) e superéxido
dismutase (SOD) em eritrécitos de pacientes com DXB em tratamento.

Verificamos que os pacientes com DXB apresentam uma deficiéncia
moderada de selénio no momento do diagnostico da doenca, ou seja, antes do
tratamento, e que essa deficiéncia se agrava com o tratamento dietético.
Estudos com pacientes fenilcetondricos em tratamento dietético tém
demonstrado que a deficiéncia de selénio ocorre na fenilcetonuria (Lombeck et
al., 1996). Como a dieta representa a uUnica fonte de selénio nos seres
humanos, é provavel que a deficiéncia desse micronutriente possa ser
secundaria a restricdo protéica e que essa deficiéncia possa contribuir para a
ocorréncia de estresse oxidativo nesse pacientes. Verificamos também que néo
foi observada correlacdo entre os niveis plasmaticos dos AACR leucina,
isoleucina e valina e a concentracdo plasmatica de selénio, sugerindo que 0s
principais metabdlitos acumulados na DXB néo estédo diretamente associados a
deficiéncia de selénio.

Paralelamente, mostramos que a enzima GSH-Px apresentou atividade
significativamente diminuida nos eritrocitos de pacientes com DXB em
tratamento, porém nao foi observada correlacdo entre a atividade GSH-Px em
eritrocitos e os niveis de selénio no plasma. As atividades das enzimas CAT e
SOD em eritrécitos ndo estavam alteradas em pacientes com DXB em
tratamento. De forma semelhante foi observado em pacientes fenilcetonuricos
ao diagndstico e durante o tratamento uma diminui¢ao significativa na atividade

da GSH-Px em eritrocitos (Sirtori et al., 2005; Sitta et al., 2006).
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A enzima GSH-Px funciona como parte de um sistema antioxidante que
protege membranas e proteinas essenciais dos efeitos potencialmente danosos
das espécies reativas e de lipoperéxidos (Schulz et al., 2000). Nos eritrécitos, a
acdo desse sistema € particularmente importante, jA que essas células séo
altamente suscetiveis ao estresse oxidativo por suas membranas serem ricas
em acidos graxos poliinsaturados e pelo seu conteudo ser rico em ferro e
oxigénio. O selénio esta presente no sitio ativo da GSH-Px e desempenha um
papel importante na atividade dessa enzima. Estudos mostraram que somente
existe uma boa correlacdo entre os niveis de selénio e a atividade da GSH-Px
em sangue total quando as concentragcbes de selénio sdo muito baixas
(Halliwell e Gutteridge, 2007). Dessa forma, apesar de néo ter sido observada
correlacao entre os niveis de selénio e a atividade da GSH-Px, é provavel que
além do selénio outros fatores estejam associados a deficiéncia na atividade
dessa enzima.

N&o foi observado nos pacientes com DXB em tratamento, por ndés
estudados, correlacdo entre os parametros de estresse oxidativo (TBARS e
TAR) e as concentracdes plasmaticas dos AACR leucina, isoleucina e valina, o
que sugere que esses aminoacidos ndo estejam diretamente envolvidos no
dano oxidativo observado nos pacientes DXB.

Os pacientes com DXB apresentam sintomas graves incluindo
cetoacidose, hipoglicemia, opistétono, dificuldade de alimentacdo, apnéia,
ataxia, hipotonia/hipertonia, convulsdes, encefalopatia e coma (Chuang e Shih,
2001; Schonberger et al.,, 2004). A instituicdo do tratamento permite uma

melhora significativa, atenuando as manifestagfes clinicas. No entanto, o bom
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controle metabdlico a longo prazo é essencial para o desenvolvimento
neuropsicomotor dos pacientes (Hoffmann et al., 2006; Simon et al., 2006b).

N&o existem relatos na literatura mostrando o perfil bioquimico em
pacientes com DXB e sua correlacdo com parametros de estresse oxidativo.
Assim, estudamos o perfil bioquimico em pacientes com DXB sob tratamento
dietético. Avaliamos os niveis plasmaticos de glicose, colesterol total, colesterol
HDL, colesterol LDL, triglicerideos, alanina aminotransferase, aspartato
aminotransferase, creatina quinase, lactato desidrogenase, albumina,
creatinina, uréia e acido urico, objetivando verificar a existéncia de uma
possivel correlacdo entre essas medidas e os parametros de estresse oxidativo
(TBARS e TAR).

Nossos resultados mostraram que os niveis glicémicos estdo diminuidos
nos pacientes com DXB. A hipoglicemia € um achado comum nestes pacientes,
e essa alteracdo estd possivelmente associada a um aumento na secrecao de
insulina estimulada pela alta concentracdo de leucina apresentada pelos
pacientes (Chuang e Shih, 2001). Ainda, é possivel que a diminuicdo da
glicemia destes pacientes possa ser explicada por uma baixa aderéncia ao
tratamento, uma vez que eles apresentam niveis plasmaticos de leucina
aumentados.

Na avaliacdo do perfil lipidico foi possivel observar uma reducéo
significativa na concentracdo de colesterol total, porém ndo verificamos
alteracdo nos niveis plasméticos de triglicerideos e de colesterol HDL e LDL.
Os pacientes estudados foram submetidos a uma dieta pobre em proteinas de

origem animal e, consequentemente, pobre em gorduras. Dessa forma é



74

possivel que a reducdo de colesterol observada seja secundaria ao tratamento
dietético.

Foi verificado, ainda, um aumento na atividade enzimatica da aspartato
aminotransferase (AST) nos pacientes com DXB em tratamento, sem alteracéo
na atividade da alanina aminotransferase (ALT). As doencas hepaticas de uma
forma geral promovem o0 aumento concomitante dos niveis de AST e ALT. A
ALT é considerada a enzima mais especifica do tecido hepatico e raramente
sdo observadas elevacdes na sua atividade que ndo tenham como causa
doencas hepaticas. Isso nos permite sugerir que o0 aumento isolado da AST
apresentado pelos pacientes estudados possa estar relacionado a outras
causas (Burtis e Ashwood, 1998). Também, verificamos que a atividade da
lactato desidrogenase (LDH) estd aumentada nos pacientes DXB sob
tratamento. Os pacientes com DXB apresentam sinais clinicos como letargia,
hipotonia/hipertonia e convulsbes (Chuang e Shih, 2001). Estudos tém
demonstrado a associacdo de dano muscular (doencas distréficas e
polimiosite) com aumento na atividade da AST, da creatina quinase (CK) e da
lactato desidrogenase (LDH) (Lott e Landesman, 1984; Burtis e Ashwood,
1998; Nathwani et al., 2005). Assim, pode-se supor que 0 aumento na atividade
da AST e da LDH nos pacientes por nos estudados poderia estar relacionado
as alteracdes musculares caracteristicas da DXB. Entretanto, ndo foi verificada
alteracdo na atividade da creatina quinase total (CK) no plasma desses
pacientes, sugerindo que estudos adicionais avaliando a atividade da
isoenzima muscular da CK (CK-MM) poderiam contribuir para o esclarecimento

desses achados.
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Foram também avaliadas as concentracfes plasmaticas de creatinina,
uréia e acido urico. Os pacientes DXB apresentaram uma reducdo nos niveis
de creatinina sérica, porém o0s niveis de uréia e acido Urico ndo estavam
alterados, sugerindo que a funcdo renal estd normal nesses pacientes. A
diminuicdo da concentracdo sérica de creatinina, por sua vez, pode também
estar associada as alteragcbes musculares manifestadas pelos pacientes no
curso da doencga, assim como as atividades alteradas das enzimas AST e LDH.
A creatinina enddgena €é formada atraves da creatina livre no musculo, ou seja,
a creatinina produzida é proporcional a massa muscular (Burtis e Ashwood,
1998).

Foi demonstrado ainda que os niveis plasméaticos de albumina estédo
diminuidos nos pacientes com DXB. Essa reducdo poderia estar relacionada a
dieta hipoproteica a que eles estdo submetidos. Na auséncia de doenca
hepética, a diminuicdo de concentracdo de albumina plasmatica indica uma
disponibilidade insuficiente de aminoacidos para a sintese protéica enddégena
(Marks et al., 1996).

Uma correlacdo positiva entre a medida de TBARS e o0s niveis
plasméticos de triglicerideos, foi observada nos pacientes DXB sob tratamento
dietético. Entretanto, ndo foi observada correlagédo entre os demais parametros
bioquimicos e os parametros de estresse oxidativo. Os triglicerideos séo
compostos formados pela unido de trés acidos graxos com glicerol. Os acidos
graxos, principalmente os poliinsaturados, sao facilmente oxidados por radicais
livres, levando a peroxidacdo lipidica. Entre os produtos finais da
lipoperoxidagcédo estd o malondialdeido (MDA), que é determinado atraveés da

medida do TBARS. Sendo assim, o TBARS reflete a quantidade de acidos
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graxos oxidados por radicais livres, podendo ser influenciado pela
concentracao de triglicerideos.

Enfim, nossos resultados mostrando aumento da lipoperoxidacdo e
reducdo da reatividade antioxidante e da atividade da GSH-Px, indicam que
existe um desequilibrio entre a producdo de radicais livres e as defesas
antioxidantes na DXB, gerando estresse oxidativo antes e durante o
tratamento. Esses resultados permitem supor que o dano oxidativo pode estar
contribuindo, pelo menos em parte, para a fisiopatologia desta doenca.

Os resultados obtidos em pacientes com DXB antes e durante o
tratamento dietético indicam que os amino&cidos acumulados na DXB (leucina,
isoleucina e valina) ndo estdo diretamente envolvidos no estresse oxidativo,
uma vez que nao foi observada correlacdo entre esses compostos e 0s
parametros de estresse oxidativo estudados. No entanto, essas observagdes
devem ser analisadas com cuidado uma vez que 0s experimentos foram
realizados com amostras coletadas em um Unico momento durante o
tratamento e as concentracbes dos metabdlitos acumulados podem nédo ser

representativas do real controle metabdlico dos pacientes.

Por outro lado, é possivel supor que a deficiéncia de micronutrientes
importantes ao sistema antioxidante possa contribuir para o estresse oxidativo
observado nos pacientes. Como foi verificado, a deficiéncia de selénio se torna
mais pronunciada nos pacientes durante o tratamento dietético, que envolve
uma dieta restrita em proteinas naturais. Além desse, é possivel que outros
micronutrientes e vitaminas estejam deficientes nos pacientes tratados,
permitindo sugerir que a suplementagdo com antioxidantes e oligoelementos

deva ser considerada como uma terapia adjuvante para os pacientes com DXB.
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Ainda, € possivel que a investigacdo de parametros de estresse
oxidativo em liquor de pacientes com DXB poderia ser mais apropriado para
melhor entender a relacéo entre os metabdlitos envolvidos na DXB, o estresse
oxidativo e a disfuncdo neuroldgica apresentada pelos pacientes. E possivel
que o inicio tardio do tratamento, a baixa aderéncia ao tratamento e as
deficiéncias causadas pela dieta, em conjunto com o0 estresse oxidativo
possam ajudar a explicar o variavel grau de retardo mental e/ou atraso
psicomotor apresentados pelos pacientes estudados. Por fim, cabe salientar a
importancia da monitorizacdo do perfil bioquimico durante a terapéutica de
pacientes com DXB, no intuito de bem adequar o tratamento destes pacientes

incluindo, se necessario, suplementacao dietética.
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V. CONCLUSOES

As conclusfes abaixo descritas estdo agrupadas conforme os objetivos

especificos propostos neste trabalho, seguido a seqUéncia dos capitulos

apresentados.

Capitulo |

A medida de lipoperoxidacdo TBARS estad significativamente
aumentada no plasma de pacientes com DXB antes do inicio do
tratamento.

A medida da reatividade antioxidante total (TAR) esta
significativamente diminuida no plasma de pacientes com DXB antes
do inicio do tratamento.

A medida do status antioxidante total (TAS) nos pacientes DXB antes

do inicio do tratamento nao diferiu do grupo controle.

Capitulo I

A medida de TBARS esta significativamente aumentada no plasma
de pacientes com DXB durante o tratamento dietético preconizado
para a doenca.

N&o foi observada correlacdo entre os niveis plasmaticos de leucina,
isoleucina ou valina e a medida de TBARS nos pacientes durante o
tratamento.

A medida do TAR estéa significativamente diminuida no plasma de

pacientes com DXB durante o tratamento dietético preconizado para
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a doenca, sendo mais pronunciada nos pacientes com niveis de
leucina mais baixos.

N&o foi observada correlacdo entre os niveis plasmaticos de leucina,
isoleucina ou valina e a medida de TAR nos pacientes durante o
tratamento.

A medida do status antioxidante total (TAS) nos pacientes DXB
durante o tratamento dietético preconizado para a doenc¢a nao diferiu

do grupo controle.

Capitulo llI

Os niveis de selénio estdo significativamente diminuidos no plasma
dos pacientes com DXB antes e durante o tratamento dietético,
sendo esta reduc¢do mais pronunciada durante o tratamento.

N&o foi observada correlacdo entre os niveis plasmaticos de leucina,
isoleucina e valina e a concentragdo plasmética de selénio nos
pacientes DXB.

A atividade da enzima antioxidante GSH-Px em eritrocitos esta
diminuida em pacientes com DXB durante o tratamento dietético, e
nao mostrou correlacdo com os niveis de selénio.

As atividades das enzimas SOD e CAT em eritrécitos de pacientes

com DXB em tratamento ndo diferiram do grupo controle.
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Capitulo IV

A medida da glicemia esta significativamente diminuida nos
pacientes com DXB durante o tratamento.

A concentracdo de colesterol total esta significativamente diminuida
nos pacientes com DXB durante o tratamento, enquanto os niveis de
colesterol HDL, colesterol LDL e triglicerideos ndo diferem do grupo
controle.

As atividades da AST e da LDH estéo significativamente aumentadas
no plasma de pacientes com DXB durante o tratamento, enquanto
que as atividades da ALT e da CK néao diferem do grupo controle.

A concentracdo plasmatica de creatinina esta diminuida nos
pacientes com DXB durante o tratamento, enquanto as
concentragbes plasméaticas de uréia e &cido urico ndo diferem do
grupo controle.

A concentracdo de albumina plasmatica esta significativamente
diminuida nos pacientes DXB durante o tratamento.

A medida de TBARS esta significativamente aumentada e a medida
do TAR esta significativamente diminuida no plasma de pacientes
com DXB durante o tratamento.

Foi observada uma correlacdo positiva entre a medida de TBARS e
0s niveis plasmaticos de triglicerideos, enquanto que nao foi
observada correlacdo entre os demais parametros bioquimicos e as

medidas de TBARS ou TAR.
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Conclusao Geral

Enfim, podemos concluir que ocorre estresse oxidativo na doenca do
xarope do bordo antes e durante o tratamento dietético, porém este processo
nao esta diretamente associado com o0s niveis plasmaticos dos principais
metabolitos acumulados na doenca (Leu, lleu e Val). Ainda, os pacientes com
doenca do xarope do bordo apresentam deficiéncia de selénio antes e durante
o tratamento e diminuicdo da atividade da glutationa peroxidase durante o
tratamento, sugerindo que a suplementacdo com antioxidantes e
oligoelementos poderia ser benéfica como um adjuvante na terapéutica da

doenca.
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VI. PERSPECTIVAS

Pretendemos dar continuidade a este trabalho, através dos seguintes

estudos:

1. Avaliar, nos pacientes com DXB, outros parametros de estresse
oxidativo como medida de sulfidrilas e carbonilas em plasma, bem como
a medida de glutationa em eritrécitos.

2. Avaliar os niveis séricos de outros micronutrientes e oligoelementos,
como ubiquinona-10, vitamina E, vitamina C e ferro, em pacientes com
DXB.

3. Avaliar em pacientes com DXB o0s niveis séricos de carnitina e
homocisteina.

4. Avaliar os niveis dos a-cetoacidos e a-hidroxiacidos de cadeia
ramificada em plasma de pacientes com DXB.

5. Avaliar o estresse oxidativo em outros liquidos biolégicos de pacientes
com DXB como urina e liquor.

6. Avaliar, se possivel, a terapéutica com antioxidantes (selénio, vitaminas,

carnitina) em pacientes com DXB.
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