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RESUMO GERAL

A producdo de amdbnia durante o exercicio submaximo ocorre principalmente
pela quebra da adenosina monofosfato (AMP) via AMP deaminase produzindo
inosina monofosfato (IMP) e aménia. Na tentativa de auxiliar a manutenc&o das
concentragbes de ATP constantes e sinérgico a desaminagdo do AMP, os
aminoacidos (AAs) sao utlizados como doares de carbono para o ciclo dos acidos
tricarboxilicos (TCA) com consequénte liberacdo de amoénia. Nestas situacdes a
amonemia pode aumentar em até 400% acima dos valores considerados normais

para o individuo sadio em repouso.

A hiperamoniemia esta associada a alteragdo na regulacdo de
neurotransmissores podendo ser suficiente para causar excitotoxidade neural e/ou
morte. Por isso, propde-se que a producdo de amdnia relacionada ao exercicio
fisico pode ser um dos fatores responsavel pela diminuicdo da capacidade
cognitivo-fisica em atletas saudaveis, afetando o processo de continuidade da
atividade e produzir queda da performance. Estes disturbios momentaneos no
funcionamento do sistema nervoso central (SNC) sdo semelhantes aqueles
encontrados em fases iniciais de diversas doencas relacionadas a hiperamoniemia

e/ou doengas neuro-degenerativas.

Pode-se assim, postular que o exercicio intenso e prolongado seja capaz de
induzir um estado toxico de amonemia agudo e subclinico. Podendo ser
suficientemente severo a regides criticas do SNC afetando a realizagdo de

atividades coordenadas.

Nesta tese avaliaremos exercicios de diferentes intensidades combinado a
modificagdes metabdlicas induzidas por dieta e/ou suplementagao para estudo do
metabolismo de amébénia em humanos, buscando estabelecer um modelo

experimental.

Palavras-chave: Hiperamoniemia transitoria, dieta cetogénica,
suplementacdo de cafeina, suplemetagdo de aminoacidos, atividade

imunomodulatoria.



Abstract

Intracelular increase of AMP during sub maximal exercise leads to an activation
of AMP deaminase following production of inosine monophosphate and ammonia. In the
same direction amino acids (AAs) are used as a carbon donors for the tricarboxylic acid
cycle to maintain the ATP concentration in the cell. Both metabolic pathways lead to an
increase in intracellular and blood ammonia concentration. In these events, the blood

ammonia concentration can raise up to 400% the resting levels.

Hyperammonemia is linked with lack in neurotransmitter regulation and can be
associated with neuronal excitotoxicity and/or death. Raise in ammonia synthesis during
exercise is related to decrease in neuro-physical capacity in health athletes and can
affect the performance. The temporary disturbances in the central nerve system caused
by exercise are similar to the observed in hepatic disease and neurodegenerative

disorders.

Here we evaluate different exercises intensities associated with metabolic
modifications induced by diet and/or supplementation to understand ammonia
metabolism. We showed the blood appearance kinetics of muscle injury markers and
some metabolites. We suggested that the increase in these enzymes came primarily
from muscle damage instead of liver and that white blood cells are selectively mobilized
independently of hemoconcentration. We also had shown the early appearance of
muscle injury markers in different kinds of exercise. Our results suggest that we are
able to use exercise as a general model to study ammonia metabolism in humans

without requiring external ammonia exposure.

Keywords: transitory hyperammonemia, ketogenic diet, caffeine supplementation,

amino acids supplementation, Immunomodulatory properties of exercise



OBJETIVOS
GERAL
Utilizar exercicio em diferentes intensidades combinado a dieta e/ou

suplementagcdo como agente modificador do metabolismo de aménia em humanos.

ESPECIFICOS

1. Analisar em exercicio de alta intensidade a cinética de aparecimento de
enzimas marcadoras de injuria muscular e compostos nitrogenados

2. Estabelecer um modelo de exercicio indutor de hiperamoniemia para
humanos.

3. Utilizar intermediarios metabdlicos como sondas para o entendimento da

hiperamoniemia em exercicios de moderada-alta intensidade.



Analisar em exercicio de alta intensidade a cinética de aparecimento de enzimas marcadoras de injlria muscular e compostos nitrogenados

Para responder ao Objetivo 1:

O modelo mais 6bvio para o estudo de hiperaménemia em humanos seria a
utilizacdo de sais de ambnia em infusdo parenteral o que tornaria a investigagao
inviavel. Por isso, precisamos ter uma forte correlagado entre o bindmio intensidade
do exercicio e producdo de amdnia. Nao ha descrigao sistematizada da cinética de
marcadores de lesdo muscular em fungdo da intensidade e tempo da atividade.
Apesar da grande variedade de protocolos e individuos avaiados ndo se observa
homogeneidade entre eles. A nova faixa de referéncia para creatinacinase (CK)
(repouso) em jogadores de futebol nos norteou na andlise dos resultados’

Para responder ao objetivo 1, medimos a cinética de aparecimento de
marcadores de microlesdo muscular e correlacionamos com a intensidade do
exercicio em recente estudo publicado®. Mostramos pela primeira vez a cinética de
CK e lactato desidrogenase (LDH) em fungdo da intensidade (r?=0.99), onde CK
teve aumento de 40% e LDH de 300% ja nas primeiras 6-8h.

Por supormos que o HIU induzisse a injuria muscular e consequentemente
obtvéssemos resultados falso positivo, monitoramos AST, ALT e GGT. Os
resultados de GGT nos mostraram que a saida destas enzimas nao € hepatica e
possivelmente muscular. Propomos que a diferenca de 260% entre CK e LDH seja
pelo seu peso molecular (CK~86kDa e LDH~140kDa).

Acompanhamos o clerance de amoénia através da uréia e urato. O urato
aumentou cerca de 130-140% nos primeiros 50Km, seguido pela uréia a partir dos
150Km. Mostrando indiretamente a elevada atividade da AMP deaminase com
liberagdo de amédnia. Este estado de hiperamoniemia agudo estimula o ciclo da
uréia que aumenta sua excregao amonia.

Através da unido dos dados do artigo 6° desta Tese com Bassini-Cameron
(2007)* observa-se que a suplementagdo de cafeina aumenta as microlesdes e

parece inibir o ciclo da uréia.

1Lazarin et al., 2007 The upper values of plasma creatine kinase of professional soccer players during the Brazilian
championship. Journal of Science and Medicine in Sport.

2Bessa et al., 2008 High intensity ultraendurance promotes early release of muscle injury markers. British Journal of Sports
Medicine.

® Bassini-Cameron et al. 2008 Caffeine supplementation effects on plasma aminoacids and metabolism in elite soccer players
* Bassini-Cameron et al. 2007 Effect of caffeine supplementation on haematological and biochemical variables in elite soccer
players under physical stress conditions. British Journal of Sports Medicine.



Estabelecer um modelo de exercicio indutor de hiperamoniemia para humanos

Para responder ao Objetivo 2:

As mudangas metabdlicas causadoras da hiperaménemia geram uma mistura de
eventos fisiologicos em humanos descritas por diversos protocolos de exercicio.

Porém, ndo ha um bom modelo em curto tempo de facil utilizagao.

Verificamos que o exercico intermitente € capaz de gerar aumentos na amonenia

de até 200-250% se comparado ao continuo (800%)°.

Ndo observamos diferenga nas concentracbes de amobnia pds-exercicio sob

suplementacéo de cafeina/lactose em jogadores de futebol de elite®.

Para isso, propomos um modelo em que a luta intensa, precedida de dieta
cetogénica, é capaz de provocar o aumento da ambnemia levando as

concentracdes de amdnia a patamares altissimos como 600 pM®.

5 Bassini-Cameron et al., 2008 Glutamine protects against blood ammonia increase in soccer players in an exercise intensity
dependent way. British Journal of Sports Medicine.

6Bessa et al.,, 2008 Arginine supplementation attenuates both lymphocytes and ammonia appearance in blood after high
intensity exercise. Scandinavian Journal of Medicine and Science in Sports - Submitted



Utilizar intermediarios metabélicos como sondas para o entendimento da hiperamoniemia em exercicios de moderada-alta intensidade

Para responder ao Objetivo 3:

A neoglicogénese, a ureagénese e o0 processo anaplerético sdo vias
ativadas para manutencao do equilibrio metabdlico principalmente em cituacdes de
injuria” Dados obtidos no Laboratério de Bioquimica de Proteinas (UNIRIO)
demonstraram que a suplementacdo de CHO e GIn isolados ou combinados tém
um efeito semelhante na inibicdo da elevagdo da aménemia em corredores® e que
a suplementacédo de Ala tem efeito similar ao da GIn em jogadores de futebol®. Em
exercicio de alta intensidade a suplementacdo de Arg parece auxiliar na regulagao

do ciclo da uréia e proteger contra a hiperamoniemia®

Na tentativa de estimular a génese de amdnia usamos a suplementagéo de
cafeina no exercicio intermitente seguido pelo de exaustdo e avaliamos as
concentracdes de aminoacidos plasmaticos®. Parece que a cafeina influéncia na

regulagado da arginase e da amidinotransferase.

Pudemos observar num estudo de caso que o uso terapéutico de NAC
assossiado a metionina (Met) e cisteina (Cys) diminuiu a concentragdo de GGT

séricas dentre outros marcadores de les&o e inflamagao®.

! Bachini et al. 2006 Nutrition, Metabolism and Exercise in Chronic Obstructive Pulmonary Disease. Brazilian Journal
Investigating Pathological Morphological Morphometry
Carvalho-Peixoto et al., 2007 Glutamine and carbohydrate supplements reduce ammonemia increase during endurance field
exercise. Applied Physiology, Nutrition, and Metabolism.
Bessa et al. 2008 Low Back Pain Followed by Acetaminophen (APAP) Hepatotoxicity: A Case Report. The American
Journal of Sports Medicine - Submitted
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CAPITULO |
Hiperamoniemia transitéria associada ao exercicio de diferentes intensidades

modificada pela dieta e/ou suplementacéao

Resumo

A célula pode usar AAs para anabolismo (especialmente sintese de proteinas),
transporte de nitrogénio, producédo de outras moléculas e transdugao de energia.
Esta utilizacdo depende da necessidade energética, da disponibilidade deles
proprios e/ou outros substratos, e/ou enzimas, do tamanho e complexidade de
suas cadeias laterais.

Para manutengcdo da relagdo ATP/ADP, acontece interacéo/integracao
metabdlica, onde principalmente a fosforilagdo oxidativa e a glicdlise sdo utilizadas
na manutengdo da capacidade contratil da musculatura. Esta demanda energética
parece ser sinalizadora da troca de AAs entre os 6rgdos e os tecidos
especialmente em modelos de injuria celular. Estas caracteristicas citadas levam a
alteracdo no trafico de aménia inter-6rgdos, resultando em situagbes de
hiperamoniemia. Propomos que a hiperamoniemia transitéria durante o exercicio
possa ser um agente modificador do metabolismo agindo como sinalizador celular
e mobilizador do mecanismo de defesa. Para o maior entendimento destes
processos essa tese discutira alguns dos trabalhos desenvolvidos pelo Laboratorio
de Bioquimica de Proteinas da Universidade Federal do Estado do Rio de Janeiro.

Palavra-chave: regulacdo do ciclo da uréia, sondas metabdlicas, estresse

oxidativo, microlesées, inflamacao.



|.I Hiperamoniemia transitéria

a) Sintese de amobnia

Desde a década de 20, estudos pioneiros demonstraram que durante o trabalho
muscular ha aumento da concentracdo da amoénia no plasma (Parnas, 1929;
Benedict, 1929; Smith, 1929). Embora ainda hoje ndo esteja completamente
estabelecido o numero exato de vias, parece haver consenso na literatura sobre a
micrébia ser a principal fonte de produgdo no periodo pdés-prandial (Huizenga,
1994; Manning, 2004).

Lowenstein & Goodman (1978) demonstraram que amoénia é um metabdlito
resultante do catabolismo de AAs e do ciclo das purina nucleotideos (PNC) em
diversos tecidos. Em situacdo de anabolismo parte da amdnia produzida é utilizada
para os processos de biossintese dos compostos nitrogenados, e a outra parte é
convertida em uréia no figado e eliminada pelos rins (Damink, 2002).

A génese da amébnia ocorre durante a sintese de ATP a partir de ADP via
miokinase (AMPK) e, simultaneamente ha estimulagdo da creatinacinase (CK)
degradando creatinafosfato (CP), ambas para manuteng¢do do balango energético
(Figura 1). As concentragdes celulares aumentadas de mono e dinucleotideos
estimulam a AMPK que pode ser inibida pelo aumento de nucleotideos trifosfatos
ou pela CP. Graham & MacLean em 1990 sugeriram que o incremento no trabalho
mecanico de contragdo muscular aumenta a taxa de hidrélise de ATP excedendo
sua velocidade de ressintese, acarretando aumento na concentracio intracelular

de AMP e ambnia.



Creatina Creatinafosfato

KN

ATP Contragdo > ADP + Pi + H*
AMP ADP

Figura 1: relacdo ATP/ADP. O aumento das concentragdes celulares de ADP
estimula a miokinase e a creatinacinase.

O AMP sofre desaminagdo via mioadenilato desaminase gerando inosina
monofosfato (IMP) e amdnia, principalmente em situagdes de estresse celular que
€ convertido em inosina e hipoxantina. Em condi¢des de baixa demanda energética
celular, o IMP é reaminado através da entrada de aspartato (Asp) e a utilizagao de
uma molécula de guanosina trifosfato (GTP) catalisado pela adenilsuccinato
sintase formando adenilsuccinato que pode sofrer degradagdo alimentando
consequéntemente o ciclo dos acidos tricarboxilicos (TCA) (Figura 2A) (Schindler,
2005).

Na Figura 2B pode ser observada outra via de escoamento de AMP. Neste caso,
o AMP ¢é desfosforilado a adenosina, que € desaminada a inosina, sendo estas
reacoes catalisadas pelas 5’-nucleotidase (5'N) e adenosina deaminase (ADA)
respectivamente. O musculo n&do possui 0 arsenal enzimatico necessario para
reverter a sintese de inosina, transformando-a em hipoxantina ou xantina, que
deixam o musculo para serem hepaticamente metabolizadas a urato que é

excretado pelos rins (Abbracchio & Burnstock, 1998; Tullson et al., 1999)
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Figura 2: Ciclo das purinas nucleotideos. (A) Integracdo do Ciclo Purina-
Nucleotideo com o ciclo de Krebs; (B) Intermediarios metabdélicos na génese
de amodnia e urato. Em alguns casos o processo anaplerético pode gerar
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diretamente ambnia que se difunde pela membrana chegando a corrente
sanguinea

Além disso, o aumento na concentragao intracelular de ADP gera aumento no
fluxo de entrada de AAs no TCA, através da desaminagao oxidativa, produzindo
améOnia e cetoacidos que serdo utilizados para a produgcdao de ATP e/ou
necessarios na gliconeogénese (Graham, 1997; Rossi, 1999).

Nesta tese chamaremos de amdnia o somatorio entre NHz + NH,*. Dependendo
do pH, a amdnia esta na forma idnica (NH4") ou gasosa (NH3); e a 37°C seu pK é
9,15, ou seja, cerca de 98% encontra-se ionizada nos fluidos fisiolégicos (Rose,
2002). Em qualquer dessas formas a aménia (17 kDa) tem transito livre através de
membranas celulares independende de proteinas transportadoras e pode ser
produto ou substrato de diversas rea¢des enzimaticas como ilustrado na Figura 3A
(Felipo & Butterworth, 2002a; Butterworth, 2002b).

Recentemente foi descoberto em camundongos a proteina Rhcg no tubulo
proximal. A Rhcg funciona como transportador de NH;" do litmem do tdbulo renal
para a urina (Figura 3B). Verificou que em ratos Rhcg-knockout ha diminuicdo no
transporte de amdnia de duas a trés vezes comparado a camundongos normais
com consequente diminuicdo do pH (Biver et al. 2008; Knepper, 2008). Dessa
forma, o metabolismo e o transporte de aménia pelo rim esta intrinsicamente
relacionado a regulagdo do pH sanguineo (Knepper, 1989; DuBose, et al. 1991).
Ha diversas proteinas no tubulo renal que transportam amdnia, por exemplo: NHE-
3, canais de K, cotransportador de Na’-K*-2CI, Na'-K'-ATPase, trocador de
K'/NH,*(H"), H'-K’-ATPase, aquaporinas, Rh glicoproteinas (RhAG/Rhag,
RhBG/Rhbg, RhCG/Rhcg) (Weiner & Hamm, 2007).
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Figura 3: Metabolismo renal de amdnia. A) Amoniogénese. A GIn é o principal
precursor de aménia, liberando dois ions NH4" e HCO3™ quando desaminada a aKG
via glutaminase e glutamato desidrogenase respectivamente. Os circulos azuis
indicam as proteinas tranasportadoras de aménia. A linha cinza pontilhada ilustra o
menor transporte de ambnia e a continua o maior transporte. B) Excrecédo de
amonia. A amodnia pode ser excretada para a urina através de difuséo facilitada e
pela proteina transportadora Rhcg. A homeostase acido-basica depende do
metabolismo renal de aménia. Cerca de 60 a 70% da producgéao renal de HCO3 é
proveniente do metabolismo de glutamina como sistema tampao de amdnia.

A) Extraido e adaptado de Weiner & Hamm, 2007.

B) Extraido e adaptado de Knepper, 2008.

Para melhor entendimento das vias metabdlicas que serao discutidos nesta tese,
faz-se necessario ressaltar os processos de desaminagdo e transaminagcado de
alguns AAs.

Para que qualquer AA seja quebrado a intermediario do TCA é necessario que o
seu grupamento amina seja removido por uma desaminase. Observa-se na reagao

abaixo a desaminagao do Asp a fumarato:

I. Asp + IMP + GTP —» GDP + Pi + S-AMP
Il. S-AMP — fumarato + AMP
1. AMP — IMP + NH;

Extraido de Graham et al.,1997.
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A Figura 4 ilustra os pontos de entrada de diferentes AAs no ciclo de Krebs
através da desaminagao exceto para o Glu. Cerca de 10 a 15% do consumo total
de ATP é derivado da degradagédo de AAs. Note que cinco destes AAs tem ambas
as funcbdes. Os AAs que sao degradados a piruvato s&o potencialmente
cetogénicos; sendo a leucina e a lisina exclusivamente cetogénicos. Alguns dos
AAs aparecem mais de uma vez podendo ser oxidados a diferentes esqueletos
carbonados (Nelson & Cox, 2005).

Fenilalanina
Leucina
Lisina

Tirosina COFPO§ Glutamato I
Cetonicos

Trintofano
Isocitrato | a-cetoalutarato |

Acetoacetil-CoA Ciclo do
Gitrato acido Succinil-CoA
citrico

Acetil-CoA Succinato
Oxalacetato J Fumarato

Malato
Piruvato I

Glicose

Isoleucina
Leucina
Triptofano

Figura 4: Catabolismo dos AAs. AAs com fungao gliconeogénica (rosa) e; AAs
com fungao cetogénica (azul). Os AAs estdo agrupados no sentido degradagéo —»>
sintese. os AAs grifados serdo discutidos nesta tese. Extraido e adaptado de
Nelson & Cox, 2005

Os passos das reacbes a seguir refletem as principais fontes de aménia
envolvendo o Glu e desaminagao dos AAs de cadeia ramificada (BCAA):

I. BCAA + KG - Glu + BCKA

Il. BCKA + NAD" + CoA — Acil CoA derivados, + NADH + CO,

lll. Acil CoA derivados — Acetil CoA, succinil CoA, acetoacetato
IV. Glu - KG + NH;

V. Glu + NH3+ATP — GIn + ADP +Pi

VI. Glu + Pir - KG +Ala

VII. Glu + OA - KG + Asp

NET (1 + 2+ 3+ 4): BCAA + NAD" + CoA — NADH + CO, +



NH; + Acetil CoA, succinil CoA, acetoacetato
Extraido de Graham et al. 1997.

No processo de transaminagdo dos AAs o grupamento amina € reposicionado
pela aminotrasferase no seu a-cetoacido utilizando o piridoxal fosfato como co-

fator. A reagao pode ser verificada no exemplo abaixo (Figura 5):

Glutamato
a-aminoacido Piridoxal-fosfato O
CHO ”f'"“’
CH
"‘Hz HO | CHy-0~p (I:Hz
R=CH=COOH H,C 1 2
N COOH
Glutamato transaminase
?OOH
CHx-NH
O g 2 ?=o
] HO—7 \-CH,-0-p
R=C+COOH b " e
) \N ?Hz

a-cetoglutarato
Figura 5: Processo de transaminacdo envolvido na sintese de Glu. O a-

cetoglutarato recebe o grupamento amina oriundo do seu L-aminoacido. O Glu
pode ser sintetizado a partir de arginina (Arg), GIn, histidina ou prolina. PLP=

piridoxal fosfato.

Outras transaminases merecem foco neste trabalho por possuirem valor clinico
no diagnostico de lesdes cardiaca e muscular ou hepatica, sendo elas aspartato
aminotransferase (AST), alanina aminotransferase (ALT) e gama-glutamil

transferase (GGT). Estas enzimas sao discutidas nos artigos 2, 4, 5 e 7 desta tese.

b) Metabolismo da aménia

O processo de detoxificagdo da amdnia pelo musculo, foi inicialmente estudado
por Bliss (1928). No estudo, o autor postulava que parte da ambnia produzida
neutralizava os acidos formados pelo metabolismo e o grupamento amina dos AAs
era carreado ligado a proteinas no plasma. No entanto, Krebs descobriu que o

figado responde rapidamente as mudangas sistémicas nos niveis de amodnia



através do ciclo da uréia e do consumo de Glu com liberagdo de GIn (Buttrose,
1987; Damink, 2002).

A Figura 6 e o anexo (1 A e B) auxiliardo no entendimento do artigo 6 desta tese.
Na sessdo de Anexo encontra-se a ilustracdo da suposta entrada de AAs no ciclo
da uréia dos grupos suplementados ou ndo com cafeina.

E demonstrado na Figura 6 as diferentes formas do hepatdcito de remover a
amoénia livre. Observem em cinza claro os processos de desaminacdo e
transaminacgao. O ciclo da uréia didaticamente tem inicio na sintese de carbamoil
fosfato (CTP) pela carbamoil fosfato sintase | (CPS) a partir de NH3, CO,, H,O e
ATP dentro da matriz mitocondrial (Makoff & Radford, 1978).

A CPS tem um sitio para hidrélise de GIn e dois de fosforilagdo, sendo o primeiro
para o bicarbonato e o seguinte ao &acido carbamico. O CTP é precursor
intermediario entre as pirimidinas e a biossintese de Arg, estando presente
evolutivamente na arginina desidrolase (Davidson et al. 1993; Huang & Graves,
2003). As concentragdes mitocondriais de Asp regulam positivamente a atividade
da aspartato transcarbamilase (ATCase) estimulando seu escoamento

O ciclo da uréia pode ser assim dividido:

Passo 1: A ortinina recebe a amina do CPT gerando citrulina via ornitina
transcarbamilase (OCT) no mitocondrium;

Passo 2a e 2b: A hidrolise do ATP em AMP + PPi gera energia para a jungao

entre a citrulina e aspartato (Asp) via arginosuccinato sintase (AsS);

Passo 3: O arginosuccinato é degrado a Arg e fumarato via Arg succinatoliase
(AsL). O aumento das concentragdes de fumarato pode estimular a velocidade do
TCA auxiliando na producao de ATP e eliminando indiretamente a aménia. Lém
disso, a AsL parece ser o passo limitante no direcionamento do arginosuccinato
para sua continuidade no ciclo da uréia ou redirecionamento para o ciclo da
citrulina-6xido nitrico.

Passo 4: A Arg € hidrolisada em uréia e ornitina via arginase.
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Figura 6-Ciclo da uréia. Extraido de Nelson & Cox, 2005

No figado encontra-se principalmente a isoforma | da arginse. No entanto a
arginase |l parece ser principalmente encontrada no rim, cérebro, tecido gastro-
intestinal e prostata. Ademais, a arginase |l esta envolvida no ciclo da citrulina —
oxido nitrico nestes tecidos. Nota-se que a arginase | esta mais envolvida na
remogao de amonia pelo ciclo da uréia; e a isoforma |l parece estar relacionada
aos outros caminhos de biossintese da Arg, por exemplo a sintese de pirimidinas e
poliaminas. A arginase Il parece ter mais afinidade pelo substrato, pois os seus pl
sado de 9,3 e 6,8, respectivamente (Cederbaum et al., 2004).

Fatores que corroboram para a sinalizacdo celular durante processos de nao
homeostasia, tais como: lipopolissacarideos de membrana (LPS), IL-4, IL-10, IL-13,
fator de necrose tumoral (TNF), glicocorticdides, catecolaminas, analogos do
cAMP, hipdxia e trauma estimulam a sintese de arginase | e/ou Il, que parece inibir
as oxido nitrico sintetase (NOSI, NOSII e NOSIII), reduzindo a producéo de éxido
nitrico (NO) e potencialmente estimulando as defesas celulares. A Vnax das
arginases em pH fisiolégico € mais de 1000 vezes o das NOS (arginases = Km’s 2-

20 mM e NOS = 2-20 'M) diminuendo a entrada de Arg no ciclo da citrulina-6xido
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nitrico. Dessa forma, sugere-se que as arginases estejam envolvidas na sintese de
colageno, proliferagéo celular dentre outros (Morris, 2002).

As enzimas do ciclo da uréia sdo organizadas no hepatdcito, possibilitando
eficiente transferéncia da amoénia e seus carreadores. Tem sido evidenciado a
interagdo entre CPS e OTC em mitocondrium isolado. O grupo chefiado por
Raijman durante toda a década de 80 destacou a co-localizagdo da entrada de
ornitina (Orn) no mitocondrium associado a OTC. Eles sugerem que a organizagao
destas enzimas é sob a forma de funil, onde a passagem €& maior para o0s
intermediarios da AsS a AsL afunilando na chegada a arginase (Cohen et al.,1982;
Cheung et al. 1989).

A Figura 7 auxilia na elucidagéo da integragdo do TCA com o ciclo da uréia. As

enzimas aqui esquematizadas estdo expresas em todas células ou tecidos.

oo <L (2N + HCOy)
ORNTl

Ciclo da [ Ciclo da
Citulina-NO Uréia Prolina

Arginase OAT /

NO + ( citulina "— Argmma 1 Omitina = P5C

. \

Glutamato

Glicina

Ure\a

Ornitina AGMase

| Creatinina Agmatina g ™ | Putrescina o S Poliamina

Uréia

Figura 7 — Localizacdo de arginase e oxido nitrico sintetase. NOS= 6xido
nitrico sintase; OTC= ornitina transcarbamilase; OAT= ornitina aminotransferase;
ODC= ornitina descarboxilase; AT= L-arginina glicina amidinotransferase;
ADC-=arginina descarboxilase; AGMase= agmatinase; CPS= carbamoil fosfato
sintetase. A linha pontilhada demonstra que a eficiéncia do ciclo citrulina-NO é

variavel e nao quantitativa. Extraido e adaptado de Morris, 2002.

Ao final da década de 70 foi demonstrado em homogenato de figado e
mitocondrium isolado de rato o papel inibitério da aménia sobre o TCA resultando
na inibicdo da utilizacdo de substrato diretamente sobre a enzima e indiretamente
na respiracao celular. A aménia inibe a oxidagcdo de piruvato, citrato/isocitrato via

citrato sintase e desidrogenase mais que o 2-oxo-glutarato e succinato via Glu
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desidrogenase. Vale ressaltar que nestes estudos n&o foi observado a influéncia da
amodnia sobre o transporte de elétrons. Estudos da época (Katunuma et al. 1966;
Klahr, et al. 1970) sugerem que o primeiro ponto de influéncia é na redugédo dos
nucleotideos pirimidinicos intramitocondrial e estimulacdo da oxidacdo de
nicotinamida adenina dinucleotideo (NADH+H) e nicotinamida adenina
dinucleotideo fosfato (NADPH+H).

A AST e a ALT contribuem tentando compensar a influéncia da aménia,
aumentando a neoglicogénese e a atividade do ciclo da uréia formando Glu a partir
de ornitina. Porém este papel compensatorio pode ser inibido pelos BCAAs em

particular a ornitina cetoacido transaminase (OKT) (Manning & Gibson,. 2004).

c) Sintese de GIn na remogao da aménia

A GIn é um aminoacido ndo essencial e ndo toxico consistindo de 5 cadeias de
carbono e 2 residuos de nitrogénio, sendo o mais abundante aminoacido
extracelular com concentracdo plasmatica de aproximadamente 0,7 uM,
correspondente a aproximadamente 50% do pool de AAs livres. Sendo importante
precursora da sintese de AAs glicogénicos, peptideos purinas e pirimidinas, acidos

nucléicos e nucleotideos (Cooper 2001; Newsholme, et al., 2003) (Figuras 8).
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Figura 8- Génese da amdnia. Orgdos e tecidos responsaveis pela formaco,

utilizacao e circulagdo de amédnia e de compostos nitrogenados. Extraido e adptado

de Banister & Cameron, 1990.

A GIn é metabolizada quase que exclusivamente por somente duas rotas, sendo

a hidrdlise a Glu pela reagao da glutaminase a principal. A glutaminase no figado é

ativada por amonia, portanto o metabolismo alterado de GIn pode contribuir para a

elevacdo da amébnia. A adicdo de uma amédnia ao Glu funciona como sistema

tampéo e agente neoglicogénico (seta dupla amarelo na figura 10) (Greenhaff,
1995; Blomstrand & Saltin, 1999; Furst, P. 2002; Brustovetsky et al. 2001; Machado

& Cameron 2002) (Figura 9).
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Figura 9- Importancia de GIn e Glu nas reacdes de transaminacdo e

desaminacédo de AAs. A Glu/Glu sado importantes substancias metabdlicas como
oxido nitrico, glutationa, uréia e GABA, além também da importancia como
precursores de glicose através da neoglicogénese. Extraido de Newssholme et al.,
2003 a.

O produto metabdlico imediato da GIn é o Glu, um dos mais abundantes AAs no
figado, rim, musculo e cérebro. Suas altas concentracdes intracelulares em torno
de 2 a 5 mmol/L comparados as concentragdes extracelulares que ¢é de
aproximadamente 0,05 mmol/L, indicam seu importante papel em todos os tecidos
(Brosnan, 2000).

O Glu é o centro da carga protéica diaria e exerce um papel chave na
transaminagao e desaminagcado de AAs, o que inclui a formacado de Asp, alanina
(Ala) e GIn. O musculo esquelético libera GIn e Ala em grandes quantidades

representando 50 a 100 % do efluxo de AAs em jejum e em estado alimentado,
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respectivamente. O Glu € o aminoacido predominantemente captado pelo musculo
(Grahan et. al., 2000; Newssholme et al., 2003 b).

O Glu também esta envolvido com o sistema de langadeira glutamato/aspartato
cuja importancia se da na produgédo de equivalentes de redugdo no citoplasma e
como substrato anaplerdtico para o TCA (Brosnan, 2000; Newsholme, et al.,
2003a).

E o principal neurotransmissor excitatério de mamiferos. A ativagdo excessiva
destes receptores pode provocar neurotoxicidade com degeneragdo neuronal e
morte celular (Hermenegildo, et al. 1998; Mifiana, et al. 1997). Pode ser observada
redugcao das concentracdes de Glu do neurdnio pré-sinaptico na hiperamoniemia o
que provoca desequilibrio no sistema neurotransmissor do Glu e alteragdes nos
sinais de transdugao cerebral (Cooper, 2001). Nos astrécitos o0 aumento da sintese
de GIn que excede sua capacidade de liberagao, induz o estresse osmoético em
regides criticas do encéfalo (Takahashi et al. 1990; Takahashi et al. 1991).

Em estado pds-absortivo a GIn é precursora da glicose ao doar seu esqueleto de
carbono, aumentando o pool de glicose no sangue, via neoglicogénese renal e
hepatica, o que corresponde a 50 % da producdo em situagdes de jejum
prolongado (Stumvoll, et al., 1999; Nissim, 1993; Nissim, 2000).

O musculo, pulmdo e tecido adiposo sdao os maiores contribuidores para o
aumento da GIn no plasma enquanto o intestino e o rim os que mais captam.
Dependendo das circunstancias metabdlicas o figado e o musculo estriado
esquelético podem alterar sua taxa de captagdo e liberagdo, exercendo papel
fundamental na regulagdo da homeostase desse aminoacido (Stumvoll, et al.,
1999; Newsholme, et al., 2003b).

d) Metabolismo de carboidratos e aménia

Como ja descrito por Cori & Cori (1928) o figado utiliza acido latico para manter
a glicemia e as reservas hepaticas de glicogénio durante o estresse fisico. A
utilizacdo de Ala forma glicose liberando aménia permitindo indiretamente que a
degradacido protéica do musculo continue. No hepatocito, a amodnia ativa a

hidrélise de Glu, via Glu desidrogenase formando a-cetoglutarato e aménia. Esta
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desaminagao oxidativa do Glu é de vital importancia para a interagcdo das vias
metabdlicas, pois aumenta a atividade do TCA auxiliando na producdo de ATP
(Jones, 2002; Monfort, 2002).

O déficit de glicogénio na musculatura, acarreta aumento na concentragao
plasmatica de aménia e lactato durante o incremento de carga, devido a diminuigédo
no fluxo da via glicolitica (Roeykens, 1998), que gera incremento na concentragao
de IMP (Spencer, 1991a) e de intermediarios do TCA (Gibala, 2002). Chicharro
(1996) e Ament (1997) observaram que o atleta, especialmente nos eventos de
endurance, com dieta deficiente em carboidratos (CHO) ndo tem respostas
mecanicas adequadas as exigéncias da performance alcangando mais
rapidamente o ponto de fadiga. Estes achados sugerem que a amdnia e o lactato
possam ser marcadores bioquimicos do treinamento.

No musculo esquelético em contragao intensa, a velocidade da glicolise excede
a do TCA, gerando aumentos na concentragao de piruvato que € escoado a lactato
e a intermediarios do TCA, com sintese concomitante de Ala e GIn para manter o
fluxo da via glicolitica. Por ser a atividade mitocondrial insuficiente na refosforilagéo
do ADP (Graham & MaclLean, 1990; Gibala, 1977).

Aproximadamente 30% do total de aménia produzida pelos rins sao liberados
para urina e o restante é lancado na veia renal. Em estado subclinico de acidose a
situacao é reversa, porque o amoniogénese total € elevada e 70% da produgao de
amonia é eliminada na urina.

Embora questionada por alguns estudos a suplementacdo de BCAA na atividade
fisica € grandemente difundida e utilizada para aumento da performance (Aparicio,
et al. 1989; Harris, et al., 1992; Ip, et al., 2003). A utilizagdo metabdlica de AAs
como precursores neoglicogénicos provoca o aumento da amdnia livre no sangue
(Walser, et al., 1979; Schloerb, et al., 1996; Furst, 2002).

A utilizacdo de a-cetoacidos como suplemento poderia ajudar no controle da
amonemia, capturando aménia livre para a formagdo de um novo aminoacido e
funcionando como mecanismo para otimizagdo metabdlica (Walser, et al., 1987;
Schloer, 1996; Snow, 1998; Kato, et al. 2003). Pacientes com disturbios renais
cronicos e acidose metabdlica obtiveram diminuigcbes significativas nas

concentragdes séricas de uréia, creatinina e fésforo quando fizeram uso de dieta
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associada a suplemento de cetoacidos e AAs essenciais (comparada a dieta

convencional com baixa ingestao de proteina).

e) Toxicidade da ambnia

A toxicidade da amdnia foi descrita no laboratério de Ivan Pavlov (1893) e muitos
trabalhos tem sido realizados desde entdo para se esclarecer os mecanismos
moleculares da toxicidade aguda da amdnia (Monfort et al., 2002; Shawcross et al.,
2005).

Na natureza os danos ao sistema nervoso central (SNC) estdo extremamente
relacionados ao tempo de exposi¢ao e as concentragdes de amdnia podendo gerar
edema cerebral com conseqliente aumento da pressao intracraniana devido ao
inchamento do astrécito que acarretara herniagdo ou Alzheimer tipo Il (Kelly &
Stanley, 2001). A amdnia atravessa a barreira hemato-encefalica por difusdo, ou
seja, independente de suas concentragbes arteriais sob condigbes fisiologicas
normais. O mecanismo de fixagdo da aménia nos AAs mantém as concentracdes
em torno de 0,05mM. Estima-se que 25% das concentragdes cerebrais de amdnia
sao captadas em situagdes de pH normal.

Sao conhecidas pelo menos 16 rotas de produgdo de aménia no cérebro. Uma
das mais importantes é via Glu desidrogenase. A captagdo do Glu da-se
principalmente pelos astrocitos através de transportadores de N-metil-D-aspartato
(NMDA) sendo desaminado a a-cetoglutarato e redirecionado de acordo com a
demanda energética. Da mesma forma que no musculo as enzimas do PNC
também sao responsaveis pela elevagao significativa de aménia no sistema. Além
disso, a ambnia causa alteragcbes na funcdo mitocondrial e mudangas no
metabolismo energético cerebral.

O foco desta tese é discutir algumas das modificagdes geradas ao SNC que
estejam vinculadas ao metabolismo de AAs. Dois distintos mecanismos tém sido
propostos para a redugdo das concentragdes de ATP induzidas pela aménia: 1 —
inibicdo do TCA via principalmente a-cetoglutarato desidrogenase (aKGDH),
gerando aumento de a-cetoglutarato e piruvato que é escoado a Glu ou GABA e

lactato respectivamente; e 2 — mecanismos envolvendo o receptor de NMDA
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gerando uma maior deplegéo nas concentragbes de ATP via ativagdo de Na*, K",
ATPase e entrada de Ca™" (Felipo & Butterworth 2002a) (Figura 10).
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Figura 10- Transito astrocito/neurdnio e vice-versa. O Glu é convertido a GIn

pela GS. A GIn é exportada para o neurbnio e é desaminada a Glu. Extraido e
adaptado de Hertz et al., 2000.

A elevagao da amobnia aguda ativa o NMDA, gerando influxo de Ca++ que liga
na calmodulina ativando as trés isoformas de NOS que degrada Arg a NO, e
estimulando a guanidina ciclase (GC) elevando as concentracbes de cGMP
resultando em sintomas de desordem neuroldgica; como pode ser visto na Figura
11B. O Ca™" ativa o calcineurin que ativa a bomba de Na*-K*-ATPase que elimina
Na® intracelular com consumo de ATP. Este excesso de Ca' é captado em sua

maior parte pelas mitocondria que se proliferam nesta situagao.
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A amobnia por penetrar no astrécito também aumenta a sintese de radicais
superéxidos e diminui a atividade catalitica da glutationa peroxidase, superoxido
dismutase, e catalase, e junto com a GIn provocarem o inchamento celular (Figura
11A). Tem sido proposto um mecanismo de neuroprote¢cdo pela taurina (Tau)
(Figura 11C), que neutraliza as espécies reativas de oxigénio no neurénio pos-
sinaptico e age como agonista dos receptores do GABA e glicina no neurénio preé-
sinaptico que diminui a sua liberagdo de Glu e reduz a ativagdo do NO/cGMP
(Rose & Felipo, 2005).

Outro mecanismo neuroprotetor da toxicidade da aménia pode ser pela sintese e
degradagdo da glutationa. Quando a cultura de astrocito € exposta a
concentragdes milimolar de amdnia ha perda da expressao de proteina glial fibrilar
acida (glial fibrillarly acidic protein - GFPA), principal constituinte dos filamentos
intermediarios do citoesqueleto corroborando para perda da morfologia do astrdcito
(Felipo & Butterworth, 2002b). O aumento excessivo nas concentragdes de Ca™ no

citoplasma ativa proteases, caspases, TNF e citoquinas que induzirdo necrose ou

apoptose.
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Figura 11- Papéis do receptor de NMDA no inchamento celular causado pela

amoénia. A) receptor de NMDA/NO/cGMP durante a neurotoxidade; B) agédo do
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receptor de NMDA sob a hiperamoniemia aguda; C) mecanismo putativo de
neuroprotecdo por acao da taurina (Tau). As linhas pontilhadas representam o
inchamento do astrocito ou do mitocondrium. Oxido nitrico sintase= NOS; guanilato
ciclase= GC; cGMP; glutamina sintetase= GS. Extraido e adaptado de Felipo &
Butterworth, 2002a e Albrecht & Wegrzynowicz, 2005.

O astrocito € o maior responsavel pela recaptacdo de Glu da fenda sinaptica
através dos transportadores de alta afinidade para Glu (EAAT-1 ou GLAST, e
EAAT-2 ou GLT-1). Pequena parte do Glu da fenda é recaptado pelo neurénio pré-
sinaptico via EAAT-3. O Glu deixa de ter acao excitatoria, passando a neurotoxico
dependendo do tempo de permanéncia na fenda (Figura 12). Da mesma forma que
o Glu, os ions ammonium afetam a transmissao sinaptica excitatoria e inibitoria. No
pré-sinaptico acontece inibicdo da liberacdo de Glu por inibir a sintese de GIn no

nervo terminal; e no pés-sinaptico tem efeito direto no NMDA (Jones 2004).

4 Astrocito

PRE

POST

Figura 12- Ciclo do glutamato-glutamina. Recaptacéo do Glu pelo astrocito.
Extraido de Felipe & Butterworth, 2002b

A hiperamoniemia esta associada a alteragdo na regulacdo de
neurotransmissores podendo ocasionar o desequilibrio nos sistemas
glutamatérgico, GABAérgico e serotoninérgico que pode ser suficiente para causar
excitotoxidade neural e/ou morte (Saez, et al. 1999; Monfort, et al.,, 2000;
Brustovetsky, et al., 2001; Butterworth, 2001; Butterworth, 2002; Machado, &

Cameron, 2002; Monfort, et al. 2002 b). Tem sido descrito que a alta concentracao
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de amodnia induzida pelo exercicio fisico pode gerar disturbios momentaneos no
funcionamento do SNC semelhantes aqueles encontrados em fases iniciais de
diversas doencas relacionadas a hiperamoniemia e/ou doengas neuro-
degenerativas. (Greenhaff, 1995; Persky & Brazeau, 2001). Durante a atividade
fisica a amonemia pode aumentar em até 400% acima dos valores considerados
normais para o individuo sadio em repouso (Masud, et al., 1994; Blomstrand &
Saltin. 1999).

A maior implicagdo neurolégica das desordens do ciclo da uréia é a
hiperamoniemia. Entretanto ndo € claro se a amdnia sozinha é responsavel pelas
manifestagdes neurolégicas e quando a GIn/Glu é sinergista no processo. A
hiperamoniemia leva a mudangas de comportamento cognitivo, de
neurotransmissores e faléncia energética.

A elevagdo aguda e rapida das concentragcbes de ambnia induz a
neurodegeneracao via estimulagdo receptores NMDA, AMPA e Kainato. Sabe-se
que a exposigao crbénica a elevados niveis de aménia afeta o ciclo do 6xido nitrico
e contribui para deficiéncia cognitiva. Manifestagées neurolégicas classicas do ciclo
da uréia sdo vomitos, anorexia, letargia, ataxia, edema cerebral, hipotermia e coma

dentre outros (Gropman et al 2004; Gropman et al 2007).

Tabela 1- Concentracdo de amdOnia no sangue arterial, venoso e em doencas

hepaticas.
Amadnia
Humanos Referéncias
(uM)
22-113
Sangue e plasma ) Clemmesen et al., 2000.
(arterial)
20-25 )
Sangue e plasma Olde Damink, et al. 2002.
(venoso)
45
Individuos saudaveis Clemmesen et al., 2000.
(arterial)
Fluido cérebro espinhal (CSF) 20-100 Clemmesen et al., 1999.
Cirrose hepatica 60-80 Clemmesen et al., 2000.
Doenca aguda hepatica 90-120 Olde Damink, et al. 2002.
Faléncia hepéatica 150-180 Clemmesen et al., 2000.
Faléncia hepética e grave presséo intracraniana 340 Clemmesen et al., 1999.
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Concentracdo de am0nia cerebro/sangue [amdnialcerenro/

Efeito da faléncia hepatica [amdnia]sangue

Normal 2

Faléncia hepatica cronica 3-4 Butterworth, 2002.
Faléncia hepatica aguda 8

Consumo de amdnia pelo cerebro Consumo de amoénia pelo cerebro

Efeitos da faléncia hepatica (nmol/g/min)

Normal -0.1

Faléncia hepatica cronica +8.1 Butterworth, 2002.
Faléncia hepatica aguda +26.7

Grande parte dos nossos conhecimentos sobre 0 assunto € derivado de estudos
em encefalopatia hepatica e passagem (shunt) porto — cava. Utilizamos nesta tese
a suplementacéo de Arg, Ala, GIn e cafeina no intuito de verificar prote¢gdo no
aumento da amonemia durante diferentes situacdes de estresse celular

E possivel que a suplementacdo adequada possa auxiliar o aumento da
performance por causar a diminuicdo da concentracdo de ambnia durante o
exercicio. O uso de Asp ou Glu combinado com carboidrato n&o foi eficaz para a
redugdo da amonemia, em atividades de longa duragdo e alta intensidade
(Tommaso, et al., 1999; Bruce, et al., 2001; Krzywkowski, et al., 2001).

Baseado nestas hipoteses, € possivel postular que um exercicio intenso e
prolongado seja capaz de induzir um estado toxico de ambnemia agudo e
subclinico. A aménia pode ser severa a regides criticas do SNC afetando a
continuidade da atividade coordenada.

Dados obtidos em nosso laboratorio demonstraram que a suplementagdo de
carboidrato e Gln isolados ou combinados tem um efeito semelhante na inibicao da
elevacdao da amdnemia em corredores apos 60 min. de exercicio (Carvalho-Peixoto
et al, 2007).

I.Il O exercicio como modelo de estudo
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f) No metabolismo de AAs e amonia

O equilibrio entre as reag¢des anabdlicas que conduzem a sintese protéica e as
reagdes catabodlicas que controlam a degradacéo de proteinas € perturbado pelo
exercicio; a alteragdo na carga energética celular durante um estresse metabdlico
gera aumento na lactacidemia e na amonemia (Maclean, 1996). Lowenstein &
Goodman (1978) demonstraram que a amdOnia muscular aumenta em até 400%
durante exercicio, representando 74% da producdo liquida deste metabdlito
podendo ser produzida a partir da degradagao de nucleotideos com aparecimento
concomitante de IMP e urato (Figura 13). Tsintzas (2001) propds que a génese de
amoénia esta correlacionada com o tipo de exercicio, o tempo de treinamento, aos
aspectos nutricionais, ao sexo, a heranga genética e ao tipo de fibra recrutada pela

atividade.

PLASMA
alanina

SARCOPLASMA

alanina

AMINOACIDOS DE
CADEIA RAMIFICADA

leucina 2-oxoglutarg
isoleucina }
vallna glutamato

oxalacetato

piruvato

NH,

Succinil-CoA *
& ou adenilo-

co, succinato ‘_A_‘ IMP
Acetil-CoA NNCS/V NH
3

fumarato AM P

aspartato
NH,

glutamina glutamina

Figura 13- Interacdo de reacdes metabdlicas envolvendo catabolismo de
aminoacidos, ciclo PNC, metabolismo da aménia no musculo e seu efluxo
para o plasma. Enzimas : 1-aspartato aminotransferase/ 2-glutamato
desidrogenase/ 3-AMP desaminase / 4-adenilosuccinato sintetase/ 5-glutamina
sintetase/ 6- piruvato carboxilase e alanina aminotransferase. Extraido e adaptado
de Terjung R.L. Em: Hragreaves M.; Thompson, M. Exercise Biochemistry X, c.39,
p.492, 1999.

Em exercicios de curta duracdo e alta intensidade a maior quantidade da
amoénia produzida permanece dentro do musculo, somente uma pequena parte é

liberada para o sangue e sua produgao total corresponde a degradacédo de
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nucleotideos a IMP, pelo aumento da atividade do ciclo PNC (Sahlin, 1999). Em
concentragdes isométricas, ha maior producido de amoénia pela reducdo do fluxo
sanguineo no musculo, aumento da taxa de utilizacdo de ATP, fosfofocreatina e
desaminagao do AMP (Terjung, 1999).

A concentragdo da ambnia aumenta substancialmente em atividades
prolongadas entre 70-80% do VOzmsx, Mmas 0s processos que favorecem este
aumento ainda ndo sao claros; nestas atividades longas e exaustivas, as possiveis
fontes de ambnia podem ser a desaminagcao do AMP e a desaminacao oxidativa de
AAs como GIn/Glu, Asp e BCAAs (Graham et al., 1990; Graham et al., 1997,
Wagenmakers, 1999). O envolvimento desses eventos bioquimicos estabelece
uma associacdo entre metabolismo de AAs, ambnia, TCA e PNC em virtude do
aumento da demanda energética no musculo esquelético, conforme verificado na

Figura 13.

Outro fator que parece estar relacionado a elevacdo da amédnia induzida por
atividades exaustivas € a redugao do fluxo sanguineo renal e hepatico, que pode
diminuir sua captagao e excrecdo aumentando seus niveis na circulagao sistémica
(Sahlin, 1999).

O exercicio intermitente (por exemplo o futebol) envolve todas as modalidades
descritas acima. Sendo assim, de acordo com o fator motivador que estimula o
individuo a realizar a atividade havera envolvimento predominantemente mas
transitério da contribuicdo para elevacdo da amonemia proveniente da

desaminagao de AAs ou PNC (Bassini-Cameron, 2007).

Os humanos tém sido fascinados pelos diferentes efeitos induzidos pelo
exercicio prolongado desde a Antiguidade e suas relagdes com o limite extremo de
atividade e seu ponto de exaustao (fadiga). Geralmente o foco destes trabalhos
relaciona termorregulacao, nutricao, circulagdo e metabolismo com a intensidade e

duragao do exercicio

As Tabelas 2, 3 e 4 mostram uma linha temporal de diferentes protocolos de
teste aplicados ao exercicio continuo, intermitente e/ou de alta intensidade sobre a

concentragao de amonia sérica.
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Investigadores N Tipo de Teste Concentragao de aménia Comentarios

Kim et al., 2008 9 Teste em esteira N Os animais suplementados
com intensidade e com o extrato da planta
velocidade reducdo de 65% na P.mume e submetidos ao
constante produggo de amonia exercicio apresentaram menor

comparada com 0s concentragao de  amoénia
animais controles comparado com nio
suplementados.

Marjerczak, et al. 2007 19 Exercicio com S O aumento ¢é devido a
bicicleta deaminagdéo do AMP no
ergometrica aumento de ~ 400% exercicos intenso através da
durante 60 e 120 comparado com os valores ativagdo da enzima AMP
minutos de repouso Deaminase

Meneguello et al., 2003 20 Teste de natacao N Os animais suplementados
com 6% até com Arg, Orn e Cit submetidos
exaustao comparados com 0% | a0 exercicio apresentaram

animais  controles  os menor concentracio de
animais suplementados aménia comparado com né&o
com Arg, apresentaram suplementados.

50% menor na

concentragao da amonia

apos exercicio

Anne ey al., 2001 18 Teste de natacao S Os animais que realizaram os
em intensa e exercicios intensos
baixa intensidade aumento de apresentaram aumento na

aproximadamente  65% | .,ncentracio  de  aménia
comparado com 0s comparado com o0s que
animais  que  realizaram | roqjizaram exercicios de baixa
exercicios de baixa intensidade

intensidade

Yamamoto et al., 1997 5 Teste de bicicleta S Houve um aumento em todos
com 65% do VO2 0s parametros logo apds do
por 25 minutos aumento de ~ 60% dos | o orcicio

valores pre exercicio

Tabela 2- Efeito do exercicio continuo sobre as concentracdes séricas de
amonia. Note a variedade de protocolos. (M) masculino; (F) feminino; (S) sim e
(N) ndo.

De acordo com o aumento no consumo de oxigénio (aumento do trabalho) ha
incremento das concentragées sanguineas de amdnia (Grafico 1A). Individuos
expostos a deplegao de glicogénio, por exemplo pelo teste de Wingate ou dieta

pobre em CHO, utilizam maior quantidade de AAs para manter as concentracdes



de ATP gerando consequentemente maior amodnia livre; pela menor quantidade
de glicogénio muscular ha menor produgdo de lactato. No entanto, individuos
treinados em endurance sao capazes de consumir maior quantidade de FFA mais
rapidamente e possuem maior arsenal enzimatico para tolerar situagcbes de

estresse celular. Dessa forma, as concentracées de amdnia e lactato parecem ter

semelhante aparecimento e subida no sangue (llustragdo 1B).

Investigadores N Tipo de Teste Concentragao de aménia Comentarios

Liu et al., 2008 10H Exercicios em S A elevagdo estda diretamente
Bicicleta relacionada com a intensidade do
ergométrica aumento de 300% | exercicio
com aumento | comparados com [¢)
de cargas até | grupo suplementado
exaustado

Burgomaster et al., 2006 16 H teste de N Em exercicios maximos boa parte da
Wingate energia utilizada é defida a utilizagdo

N&o houve aumento do AMP que gera IMP e amonia.

Tabela 3- efeito do exercicio intermitente sobre as concentracdes séricas de

amonia. Note a variedade de protocolos. (M) masculino; (F) feminino; (S) sim e

(N) n3o.
Investigadores N Tipo de Teste Concentragado de ambnia Comentarios
Seiferti et al., 2007 Revisdo | Exercicio S O SNC é afetado pela depletagao
Intenso do glicogénio nos astrécitos e pela
reducédo da PaCO2
Nyboa et al., 2004 Revisdo | Exercicio S Fatores como a hipoglicemia e a
Intenso hipertermia séo possiveis
indicadores da Fadiga central.
HARRIS et al., 1997 5 Esteira com S A produgao de amoénia esta
Inclinacao relacionada com diminuicdo dos
2.600 % comparado com o | estoques de ATP utilizados durante
valor de repouso o0 exercicio intenso

Tabela 4- efeito do exercicio de alta intensidade sobre as concentracdes
séricas de amonia. Note a variedade de protocolos. (M) masculino; (S) sim e (N)

nao.

Fazendo um comparativo ente o grafico 1A e a ilustragdo 1B observa-se
que para individuos normais o ponto de maior sintese/liberagcdo de amoénia parece
coincidir com o limiar de lactato onde ha maior estimulo para descida da via

glicolitica aumento as



concentragbes de lactato e incremento na velocidade do PNC (Schulz & Heck,
2003).
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Gréafico la- Mudancas na concentracdo plasmética de aménia em funcédo da
intensidade de exercicios de curta duracao expresso com % de VO, maximo.
A area entre as 2 linhas inclui a resposta de individuos normais. Adaptado de
Terjung, R.L. Ammonia Metabolism in muscle. In: Hargreaves, M.; Thompson, M.
Exercise Biochemistry X, ¢.39, p.489, 1999.

llustracdo 1b- llustracdo esquematica de diferentes efeitos do treinamento de
endurance e deplecéo de glicogénio sobre as concentracdes plasmaticas de
lactato e amdnia durante um exercicio progressivo. Extraido de Schulz & Heck
(2003)

O exercicio tem sido proposto como “vacina” por provocar alteragdes no sistema
humoral pelo aumento de fatores e horménios proé-inflamatoérios. Esta resposta
inflamatoria desregulada pode estar correlacionada as perturbagdes induzidas pela
atividade fisica no SNC (Rogers et al., 2008). Acredita-se que a hiperamoniemia
influencia na perda de performance por estimular/inibir estes dois sistemas
podendo ser responsavel/contribuinte para a fadiga central (Nybo & Secher, 2004;
Nybo et al. 2005; Cooper et al., 2007)
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O aumento das concentracbes de amodnia leva ao desequilibrio no pool de
neurotransmissores em resposta a uma elevacédo da GIn devido a diminuigdo da
capacidade regenerativa do ATP e repolarizagdo da membrana (Guezennec, 1998
Suarez, 2002; Felipo & Butterworth, 2002 a). As altera¢des na performance devido
a diminuicdo do rendimento muscular podem estar associadas ao surgimento da
CF. Dois mecanismos de resposta relacionados ao aumento das concentracdes de
amodnia tem sido postulados como responsaveis pelo surgimento da CF: 1) a
elevacdo da sintese de GIn como sistema de desintoxicagdo, provocando o
desequilibrio do pool de neurotransmissores (Greenhaff, 1995; Snow, et al., 1998)
e 2) a alteragdo do metabolismo energético do conjunto neurbnios pré-
sinaptico/pds-sinaptico-astrocito, provocando a diminuicdo da capacidade
regenerativa do ATP (Dechent, et al. 1999; Cooper, 2001; Llansola, et al., 2002).

Esta tese ndo objetiva discutir fadiga central e hiperamoniemia, para melhor
entendimento sobre o assunto leia os trabalhos dos seguintes grupos: Febbrario,
MA; Nybo, L; Felipo,V.

g) Para desenvolvimento de processos inflamatorios

Desde o inicio deste milénio, o musculo tem sido proposto como um 6rgao
imunoldgico e ndo somente como deposito de substrato. Propde-se que a célula
sadia responda ao exercicio estimulando fortemente o sistema neuro-humoral,
caracterizado pela mobilizagdo de leucécitos e incremento do seu numero na
corrente sanguinea. Os leucdcitos além dos tecidos adiposo, muscular e cerebral
sintetizam a interleucina-6 (IL-6), que é um dos mais potentes mediadores
inflamatodrios; parece que este fendmeno € transitério e dependente da intensidade

e duracao da atividade.

Linfécitos, mondcitos e natural-killers (NK) aumentam rapidamente em resposta
a atividade e diminuem imediatamente ao término da sessdo. Os neutrdfilos
circulantes aumentam mais lentamente e podem permanecer elevado por horas,
mesmo que o exercicio termine. Sabe-se que mesmo exercicios de 6 min. podem
estimular a resposta inata do sistema imune (Cooper et al, 2007; Stewart, et al.
2007; Timmerman et al.; 2008).
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As citoquinas agem como mediadores do catabolismo de proteina via
inibicdo dos horménios anabdlicos e modulacdo nas enzimas responsaveis pela
sintese e degradacédo de protéica. Shawcross & Jahan (2005) sugerem que a
hiperamoniemia exacerba o0 processo inflamatério e promove alteragdes
neurofisioldgicas. Sabe-se que a hiperamoniemia induz o astrocito a aumentar a
expressdo de GLUT1, NOS e diminui GLT-1, GFAP e GLY-1; no neurdnio ha
aumento de GLUT-3. Propde-se que droga anti-inflamatoria derivada de néo
esteroide (non-steroidal anti-inflammatory drugs - NSAIDs) sejam eficientes na
diminuicdo da hiperamoniemia. NSAIDs tem sido usado na terapéutica de edema

cerebral e anastomosis porto - cava.

Na Figura 14 é esquematizado os processos que envolvem inflamagao e

hiperamoniemia.
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Figura 14- llustracdo da relacdo entre a inflamacdo e o fluxo sangilineo
cerebral na encefalopatia hepatica. O astrécito detoxifica ambnia sintetizando

glutamina. Extraido de Shawcross & Jahan (2005).

O musculo expressa e libera miokinas que tém fungao autdcrina e paracrina.
Dentre ela a IL-6 age via IL-6Ra/gp130RB como homodimero ativando a

phosphatidylinositol 3-Kinase e/ou AMPkinase incrementando a glicdlise e a

38



oxidagdo de acidos graxos. Durante o exercicio ha aumento da gliconeogénese e
lipolise (Pedersen & Febbraio, 2008).

O exercicio intenso induz ao aumento de citoquinas pré-inflamatorias (TNFa
and IL-1a) e a uma sintese de IL-6. Esta liberacéo parece ser o balango entre a
liberagdo de citiquinas inibitorias (IL-1ra, sTNF-r1 and TNF-r2) e a anti-inflamatoria
IL-10. No Grafico 2 observa-se a pequena elevacao do TNFa e aumento de IL-6
que parece induzir a sintese de proteina C reativa (PCR). E importante notar que
citoquinas anti-inflamatdrias, receptores soluveis restringem a magnitude e duragao
da resposta inflamatéria ao exercicio (Pedersen, et al. 1999a; Pedersen, et al.
1999b; Ostrowski et al., 1999). Acredita-se que o0 exercicio seja tao eficiente na
resposta inflamatéria por estimular a expressdo génica de peripheral blood
mononuclear cells (PBMCs) (Timmerman et al.; 2008). Outros efeitos biolégicos
podem estar associados a estes eventos, tais como: vasodilatagdo, agregagao
plaquetaria e disfungdes renal, hepatica, pulmonar e cerebral (Starkie et al., 2000;
Starkie et al., 2001a; Starkie et al., 2001b; Pedersen et al., 2007).

Veremos abaixo alguns modelos de injuria hepatica para que possamos

comparar com os efeitos do exercicio e da hiperamoniemia.

Comparando o efeito da septicemia com o exercicio observamos que a
subida de IL-6 é precedida pela de TNF-a durante processos inflamatérios
sistémicos. Este fato é seguido pelo aparecimento do receptor antagonista de IL-1
(IL-1ra), IL-8, IL-10, macrophage inflammatory protein a e 8 (MIP-1a e MIP-1p3)
(Pedersen & Febbrario, 2008)

A IL-6 parece ser dependente da intensidade do exercicio e seu nivel pode
aumentar até 100 vezes durante a atividade e retorna ao estado basal assim que o
exercicio termina. Vale ressaltar que em exercicios extremos, por exemplo numa
maratona de 246 Km os niveis de IL-6 aumentaram 8000 vezes (Margeli et al.,
2005). Este fato pode explicar parte dos achados de Bessa et al (2008) — artigo
numero 4 desta Tese — onde foi medido elevagao de AST, ALT e PCR em 300, 150
e 900% respectivamente, seguido por 300% de aumento da LDH e 30-40% de CK
nos primeiros 100-150Km do alta intensidade ultraendurance (High-Intensity
Ultraendurance - HIU). Em contraponto, Pedersen & Hoffman-Goetz (2000)

utilizando citbmetro de fluxo ndo conseguiu observar relacao entre a elevacao de IlI-
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6 e o aumento de células do setor branco durante o exercicio mesmo com a

suplementacao de CHO.

Para melhor entendimento dos efeitos da injuria sobre o hepatdcito reporte-

se ao artigo 3 desta tese.

h) na indugéo de hepatotoxicidade

A injuria hepatica parece estar correlacionada a apnéia do sono pelo
aumento das espécies reativas de oxigénio e estresse oxidativo celular (Norman et
al., 2008). Savransky et al., 2007 sugerem que uma unica alta dose de
acetaminofem (APAP) é eficiente para aumentar a lesédo, além de ser comum

encontrarmos overdose durante seu uso clinico.

O APAP é metabolizado no citocromo P450 no figado, onde sera utilizada
pelo sistema glutationa com consequente sintese de NO, aumentando sua
hepatotoxicidade, e aproximadamente 90% é conjugado com o acido glicurdénico ou
sulfato na bile ou no sangue. Supde-se que a injuria hepatica é sinérgica ao APAP

causando severo estresse oxidativo mitocondrial, resultando em inflamacao.

Se compararmos dois modelos de injuria, os efeitos crénicos da hipdxia
intermitente e do uso de APAP em normoxia, notamos aumento 2 vezes maior para
ALT no modelo de hipdxia e o uso de APAP gerou aumento na bilirrubinemia, IL-6

e TNF-a e apoptose (Savransky et al., 2009).

O artigo 2 desta tese refere-se a um estudo de caso onde a N-acetil-cisteina
(NAC) é usada como diminuidor da hepatotoxicidade induzida por APAP. Kelly et

al. (2008) nao viram diferenca no tempo de fadiga com suplementacéo de NAC.

Com base nos dados expostos nas sessbes acima se observa a
necessidade da avaliagao prévia de humanos durante os estudos na tentativa de
evitar resultados falso-positivos (Bassini-Cameron et al., 2007a; Bassini-Cameron
et al., 2008; Carvalho-Peixoto et al., 2007; Lazarin et al., 2007; artigo nimero 2 e 7

desta tese).
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[.IIl Suplementacéo

Underhill (1913 a; c) descreveu que a manipulagdo dietética, rica em
carboidratos, gorduras e pobre em AAs tem uma notavel retengédo de nitrogénio no
organismo de céaes, devido a sintese protéica, que teve como conclusdo “a
presenga de carboidratos ndo € um fator obrigatorio na retengdo de nitrogénio

originario da amoénia”.

Diversos estudos (Meneguello, 2003; Rooney, 2003; Spencer, 1991b) tém
demonstrado a diminuicdo da amoniogénese com a utilizagdo de diferentes
protocolos de suplementacdo durante exercicios de duracdo e intensidades
variadas. A suplementagédo de Arg (Schaefer, 2002), CHO (Snow, 2000), carnitina
(Broad, et al. 2008), creatina (Bellinger, 2000), GIn (Bruce, 2001), tiveram como
resultado a melhora da performance em atletas. No entanto, a administracao de
BCAA incrementa producdo de amdnia, Ala e Glu durante o exercicio sub-maximo
(MacLean, 1996).

i) suplementagao de carboidrato e AAs

Muitos estudos (Tsintzas, 2001; Green, 2003; Nieman, 2003) tem
investigado a suplementacdo de CHO para abastecer energicamente o musculo na
tentativa de diminuir a génese de aménia durante o exercicio prolongado de
moderada a alta intensidades. Experimentos (Kimber, 2003; Roeykens, 1998;
Steensberg, 2002) tem demonstrado o efeito do conteudo de glicogénio muscular
no metabolismo de amdnia como indicador da sua produgao durante o exercicio,

ou seja, nao € possivel mensurar a suplementacédo de carboidrato sob a producao
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e o efluxo de amdnia, sem considerar a concentragao de glicogénio muscular (que

pode ser modificado durante a atividade) (Schulz e Hermann, 2003).

Spencer (1991b) verificou que no grupo suplementado com CHO, ha grande
utilizacdo de hexose monofosfato a partir da glicose extracelular e diminuigdo da
concentragéo de IMP ao final do exercicio. A ingestdo de carboidratos atenua o
acumulo de ambnia muscular e plasmatica durante os ultimos estagios do exercicio

prolongado submaximo a partir da degradagao de AAs (Snow, 2000).

Resultados in vivo sugerem que a insulina inibe a degradacéo protéica e
estimula a sua sintese (Jefferson, 1977). Durante a hiperinsulinemia ha supressao
do catabolismo protéico, reduzindo o suporte de AAs para gerar ATP. Os niveis
elevados de glicose e insulina, durante o exercicio diminuem a gliconeogénese. Em
situagdes de jejum e/ou hipoglicemia o figado recebe sinalizagado do glucagon, que
acelera o catabolismo de AAs e a gliconeogénese, havendo aumento da aménia

dentro do hepatdcito, acelerando o ciclo da uréia (Angus, 2002).

A suplementacdo de glicose resulta na elevagdo na concentragdao de
insulina plasmatica, durante o exercicio prolongado e nas primeiras horas do
periodo de recuperagdo, utilizando principalmente &acidos graxos livres para
manutencao da atividade (Bowtell, 2000).

Snow et al. (2000) verificaram que a ingestdo de CHO a 8% reduziu a
producao de ambnia muscular proveniente da degradagcdo de AAs e observaram
pequena contribuicdo do catabolismo de AMP na produgdo da aménia. Segundo
alguns estudos, a associagdo de CHO com AAs maximiza o efeito de manutencao
do pool de glicose, ressintese de glicogénio e sintese protéica durante e apds
exercicios (Casey, et al., 2000; Casey & Greenhaff; 2000; Burke, et al., 2004; Ivy,
et al., 2002). Van Loon, et al. (2000) mostraram que 0,8 g de CHO . kg™ associados
com uma mistura de AAs resultou em aumento da ressintese de glicogénio. Dietas
pobres em CHO antes e depois de exercicios intensos podem diminuir os estoques

de glicogénio de forma aguda e/ou crbnica

Burke, et al. (2004) mostraram que bebidas a base de carboidratos com

acréscimo de proteinas em torno de 20-25 % acelera a recuperagao do glicogénio

42



muscular, principalmente nos primeiros quarenta minutos de esfor¢o, conforme

também demonstrou Ivy et al. (2003) e Lemmon et al.(2003).

Coyle, et al. (2001) verificaram que dietas pobres em CHO e gorduras
podem modificar a utilizacdo de substratos intramusculares, reduzindo a lipdlise e a
oxidagdo de FFA com possivel prejuizo para programas de treinamento de
endurance. Coyle (2004) verificou que dietas entre 200 a 400 gramas de CHO
oferecem menos dificuldade para manutencao de atividades intensas e que acima

de 400 gramas podem melhorar o desempenho e reduzir o risco de overtraining.

A toxicidade muscular pode estar relacionada com a queda do rendimento e
da performance e manifestar-se com sinais de fraqueza muscular, ataxia,
respiracdo forcada, taquicardia, apatia e incordenacdo motora. A toxicidade
cerebral pode induzir reducao da atengao e controle motor, manifestando sinais de
letargia, alteragbes de comportamento e do pensamento coerente, irritabilidade,
perda de lucidez e meméria (Banister & Cameron, 1990; Monfort, et al., 2002).

O Grafico 4 sumariza parte dos resultados descritos acima, onde a deplecao
de glicogénio e a suplementagcdo com BCAAs incrementam a produ¢ao de aménia

em comparacao a individuos normais sob a mesma intensidade de exercicio.
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Grafico 2- Deplecdo de CHO e a variagdo da amonemia em relacdo a
suplementacdo com BCAAs.Mudangas na concentracdo plasmatica de aménia
em relagdo ao tempo de performance em cicloergométro a 70 -75 % do VOzmax. A
area escura é caracteristica de resposta normal. O grafico mostra o aumento da
amoénia plasmatica causada pela deplecao de CHO e a variagdo da amonemia em

relacao a suplementacido com BCAAs. Adaptado de MacLean & Graham, 1993.

Estudos do Laboratdrio de Bioquimica de Proteinas tem demonstrado que a
suplementagcdo de CHO e Glu protegem da hiperamoniemia a partir de 60 min.
(Carvalho-Peixoto, et al., 2007 e Bassini-Cameron, et al., 2008). Nesta tese
praticantes de Jiu-Jitsu foram submetidos a dieta cetogénica e suplementagéo de

Arg, que parece proteger da elevagdo da amonemia (artigo 7)

j) Suplementagao de cafeina

Muitos estudos tem analisado o efeito ergogénico da cafeina sobre a
performance, forca e endurance em diversos protocolos empregados a atletas.
Diferengcas substanciais na dose e técnicas de investigacdo tem sido utilizada
nestes estudos (Graham & Spriet, 1995, Graham, 1998; Kovacs et al., 1998;
Pasman, 1995).

Os efeitos ergogénicos da cafeina em doses de 3 a 5 mg . kg™, foram
principalmente observados nos exercicios de endurance (Bell et al., 1998; Bell &
McLellan, 2003; Conway et al., 2003; Cox et al., 2002). Estas acdes se embasam
na liberacdo de catecolaminas, na lipolise e na glicogendlise levando ao menor
consumo de glicogénio muscular (James et al., 2004; James & Gregg, 2004a;
James & Gregg, 2004b; Kalmar et al., 2004). Ja que é um inibidor PHD, a cafeina
pontecializa a sinalizagdo do AMPc, com consequente ativagao das fosforilases e
da lipase horménio sensivel (Thong et al., 2002). Além disso, aquela xantina
aumenta a mobilizacdo do calcio do reticulo sarcoplasmatico estimulando a

contragao muscular (Herrmann-Frank et al., 1999; Warren et al., 2001).
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Devido ao antagonismo dos ARs, a cafeina aumenta a concentragdo e o
estado de alerta diminuindo a percepcédo a fadiga (Denadai & Denadai, 1998;
Dager et al., 1999). O aumento do cortisol e das f—endorfinas atenua a percepgao
do sofrimento e promove euforia, capacitando o atleta a realizar longos periodos de
atividade, evitando a exaustdo e o desconforto (Laurent et al., 2000; Motl et al.,
2003, Motl & Dishman, 2004).

O SNC ¢ a via de ligagao do sistema neuroenddcrino com o sistema imune
(Karlund et al., 2000). Durante o exercicio agudo, a cafeina promove aumento das
concentragdes plasmaticas de adrenalina, noradrenalina, insulina, GH, cortisol e —
endorfinas, melhorando a sinalizacdo aos ARs que estdo expressos tanto na
membrana celular dos neutrdfilos, linfécitos e plaquetas quanto no endotélio
vascular, onde ambos estdo implicados em processos inflamatérios. A ativacao
destes receptores regula a produgcdo de mediadores inflamatoérios ativados pelos
receptores A; e inibidos pelos receptores Aza € As de adenosina (Holffman et al.
2002; Ikarugi et al., 2003).

A Figura 15 demonstra o efeito do exercicio extenuante e sugere a agao da
adrenalina, GH e cortisol sobre as concentragdes relativas de linfocitos e
neutrofilos além do efeito “janela aberta”. Em condicbes de aumento de adenosina
nos pulmdes ha uma super expressao dos receptores Azg e A; de adenosina nos

mastocitos pelo aumento histamina (Burns et al., 1997; Pedersen & Toft, 2000;).

45



neutrofilos

linfécitos

Exercicio f

100%

//f'l neutrofilos

Adrenalina

100% | =

Iinfécitos )

T

neutrofilos

linfécitos
100% -

Horménio de crecimento

neutrofilos

linfocitos

100% = Cortisol —— -

Figura 15- Modelo proposto do mecanismo neuroenddcrino sobre o sistema
imune. Extraido de Pedersen & Toft (2000).

No exercicio prolongado a elevacdo dos horménios supracitados afeta
positivamente as respostas metabdlicas durante o endurance, tais como: aumento
no FFAs, AMPc, glicerol, glicose e lactato, diminuindo a espoliacdo de glicogénio
(Graham et al., 1991 b, 1995; Greer et al., 2000; Thong et al., 2002; Shearer et al.,
2003; Battran et al., 2004).

Poucos estudos tém investigado os efeitos ergogénicos da cafeina sobre o
desempenho fisico em exercicios de alta intensidade e curta duragao (forca,

velocidade e poténcia) nos primeiros 10 min. (Pasman, 1995). Além disso, os
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resultados encontrados até o momento tém sido bastante controversos,
impossibilitando conclusbes mais definitivas a esse respeito. As maiores
dificuldades para interpretacdo dos resultados produzidos por esses estudos
concentram-se nos diferentes delineamentos utilizados, nas diferentes doses de
cafeina administradas, nas diferencas entre os protocolos experimentais e na falta
de uma maior rigidez metodologica. Parte destes estudos tém investigado a
influéncia das catecolaminas sobre as respostas metabdlicas durante este tipo de
atividade (Graham et al., 1991b; Jackman et al., 1996; Greer et al., 1998; Van
Soeren et al., 1998; Ikarugi et al., 2003).

Costill et al. (1978) foi um dos o primeiros a demonstrar que a ingestéo de
cafeina (330 mg) uma hora antes do exercicio exaustivo aumenta
significativamente a performance em ciclistas. Outros estudos comprovaram este
achado e demonstraram que a cafeina aumenta a contratilidade muscular, o tempo
de aparecimento da exaustdo e a performance durante o exercicio prolongado de
moderada a alta intensidade. Poucas investigacbes n&o observaram efeito
ergogénico da cafeina (Lehmann et al.,, 1992; Ferrauti et al., 1997; Bell et al.,
1998).

A suplementacao da cafeina em humanos foi estudada em doses entre 3a 9
mg . kg™ com resultados que mostraram o incremento de 20 - 50% do tempo de
exercicio e o retardo da fadiga (Spriet et al., 1995; Grandjean et al., 2000; McLean
et al.,, 2002; Davis et al., 2003). Graham & Spriet (1995) mostraram que doses
entre 3 e 6 mg . kg™’ de cafeina exercem os mesmos efeitos ergogénicos, indicando
que nao existe relagao entre as dosagens de cafeina e o aumento na performance
outro estudo postulou que o efeito ergogénico maximo da cafeina ocorre em doses
proximas a 3 mg . kg™ (Conway et al., 2003). Em diversas investigacdes foram
detectados beneficios ergogénicos na dose de 5 mg . kg™, comparando sujeitos
habituados ou néo a cafeina e diferentes protocolos de utilizacédo (Bell et al., 2002;
Cox et al., 2002; Graham et al., 1998).

Thong et al. (2002) observaram um aumento significativo na mobilizagao de
FFAs e glicerol como substrato energético apds suplementagao com cafeina (5 mg
. Kg™"), onde a sinergia da cafeina e o exercicio reduziram a atividade da glicogénio

sintetase (GS) antes e durante a infusdo de insulina, concluindo que a cafeina
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melhora a resposta insulinica (Shearer et al., 2003; Battran et al., 2004; Petrie et
al., 2004). A administracédo de cafeina isoladamente ou associada a efedrina, levou
a um aumento significante nos acidos graxos livres, glicerol e lactato. A melhora no
tempo de desempenho até a exaustdo somente foi observada na forma associada
(Bell et al.,, 1998) De acordo com os achados parece que a cafeina altera as
funcdes metabdlicas, porém estas alteragbes ndo sao suficientes para prolongar o

tempo de aparecimento da exaustao durante o exercicio.
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Anexo 1.

Enzima Comparte- Ativida M, pH opt Km, mM Constante de equilibrio Distribuigao tecidual
mento de

N-acetil Matrix 0.30- 200,000 8.5 Glu,3.0 Irreversivel Figado, intestine, rim,
glutamato mitocondrial 1.49 Ac.CoA 0.7 bago
sintetase Arg,0.01
EC 2.3.11
Carbamil fosfato Matrix 279" 310,000 6.8-7.6 NH,4, 0.8 Irreversivel Figado, intestine, rim
sintetase mitocondrial dimero HCO;, 6.7

MgATP,1.1

NAG, 0.1
Ornitina Matrix 6600 108,00 7.7 CP, 0.16 (cit)(p) = 10° Figado, intestine, rim
transcarbamilase mitocondrial tretramero Orn,0.40 (Orn)(CP)
EC6.3.4.16
Arginino Citosol 90 185,000 8.7 Asp, .03 (ASA)AMP)(MgPP)(2H)= 0.89™ Figado, rim, fibroblastos,
succinato tetramero Cit, .03 (Cit)(Asp)(MgATP) cérebro
sintetase
EC6.345
Arginino Citosol 220 173,200 7.5 Asp,0.017 (Arg)!fumarato)=‘1‘1.4x‘10'3 Figado, rim, cérebro,
succinase liase tetramero Cit, 0.016 (ASA) fibroblastos
EC4.3.2.1 ATP, 0.041
Arginase Citosol 86,600 107,000 9.5 Arg 10.5 Irreversivel Figado, eritrécitos, rim,
EC3.5.31 tetramero cerebro

Anexo 1.A- As enzimas do ciclo da uréia. *a atividade da enzima esta expressa
em micromol por grama de peso molhado. Extraido de inherited disease - Urea

cycle enzymes chapter 85, pag 1912.

Enzime Comparte- Pesso Molecular Estrutura Cofactor Parametros cinéticos Distribuig&o tecidual
mento Massa kDA

Ornitina Matrix 49 =P 45+ Homohexamero ou Piridoxal fosfato Kmorn=1.8mM General
aminotransferase mitocondrial homotetramero Kmke = 2.7mM
EC2.6.1.13 Kmpp = 0.7 uM
Ornitina Matrix 40— 36+ Homotrimero - Kmom = 0.47mM Principalmente no figado; e
transcarbamilase mitocondrial Kmcap = 0.7mM baixa concentragéo no
EC2.1.33 intestino
Ornitina Citoplasma 51 Monomero Piridoxal fosfato Kmorn = 0.1mM Generamente em tecidos
decarboxilase com grande capacidade de
(EC4.1.1.17) diviséo
Arginase Citoplasma 30 Homotetramero Mn?" Kmarg= 10mM Figado e eritrocito
(EC3.5.3.1) principalmente, rim
Glicina 45 Homodimero - Kmarg= 2.5mM Pancreas, rim, figado
transamidinase $ Kin gy = 2.5mM
EC2.1.4.1
Oxido nitrico Ligada a 144 Homodimero (?) BH,; , NADPH, Kmarg= 3UM Célula endotelial
sintetase membrana FAD, FMN
EC1.14.23

Anexo 1.B- Enzimas do metabolismo da ornitina.

70



CAPITULO lI
Lazarin, FL; Antunes-Neto, JMF; SILVA, FOC, Nunes, LAS; Bassini-Cameron;
Cameron, LC; Alves, AA; Brenzikofer, R; DV Macedo. The upper values of plasma
creatine kinase of professional soccer players during the Brazilian
championship.Journal of Science and Medicine in Sport. v.18069060, 2007.

71



Journal of Science and Medicine in Sport (2009) 12, 85—90

Journal of
Science and
Medicine in
Sport

EEVI www.elsevier.com/locate/jsams
ORIGINAL PAPER

The upper values of plasma creatine kinase of
professional soccer players during the Brazilian
National Championship

Fernanda L. Lazarim?, Joaquim M.F. Antunes-Neto®,

Fernando O.C. da Silva?, Lazaro A.S. Nunes?,

Adriana Bassini-Cameron®9, Luiz-Claudio Cameron¢-9-¢,
Armindo A. Alvesf, René Brenzikofer®, Denise Vaz de Macedo®*

a Instituto de Biologia, Unicamp, 13083-970 Campinas, Sao Paulo, Brazil

b Faculdades Integradas Metropolitanas de Campinas (Metrocamp), Campinas, Brazil

¢ Universidade Federal do Estado do Rio de Janeiro (UniRio), Rio de Janeiro, Brazil

d Universidade Federal de Uberlandia, Uberlandia, Brazil

€ Universidade Castelo Branco, Rio de Janeiro, Brazil

f Centro Universitario Herminio Ometto, Uniararas — Rua Maximiliano Baruto, 500 Araras, Brazil
§ Laboratdrio de Instrumentagdo para Biomecanica (LIB), Faculdade de Educagéo Fisica, Unicamp,
Campinas, Brazil

Received 18 April 2007; received in revised form 19 September 2007; accepted 18 October 2007

KEYWORDS Summary The current schedule of the Brazilian Soccer Championship may not
Soccer; give players enough recovery time between games. This could increase the chances
Muscular damage; of muscle damage and impaired performance. We hypothesized that plasma cre-

atine kinase (CK) activity could be a reliable indirect marker of muscle overload
in soccer players, so we sought to identify the reference values for upper limits
of CK activity during a real-life elite competition. This study analyzed changes in
plasma CK activity in 128 professional soccer players at different times during the
Brazilian Championship. The upper limits of the 97.5th and 90th percentiles deter-
mined for CK activity were 1.338U/L and 975U/L, respectively, markedly higher
than values previously reported in the literature. We also evaluated a team monthly
throughout the Championship. The upper limit of the 90th percentile, 975U/L, was
taken as the decision limit. Six players showing plasma CK values higher than this
were asked to decrease their training for 1 week. These players presented lower CK
values afterwards. Only one player with a CK value higher than the decision limit
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(1800U/L 1 day before a game) played on the field and was unfortunately injured
during the game. The CK activity in all the other players showed a significant decrease
over the course of the Championship, and the values became more homogeneous at
the end. The results presented here suggest that plasma CK upper limit values can be
used as a practical alternative for early detection of muscle overload in competing

soccer players.

© 2007 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

Introduction

The games of the National Brazilian Soccer Cham-
pionship generally occur every Saturday/Sunday
and Wednesday/Thursday, which means that train-
ing and matches overlap. As a consequence, the
players, especially the infield ones, may not have
enough time to recover between games. This may
result in muscular overload, leading to varying
degrees of microtrauma in muscle, connective
tissue and/or bones and joints. This stress can
progress from the initial benign microtrauma stage
to a sub-clinical injury that will impair the athlete’s
performance. -2

In the event of muscle damage, cell mem-
branes rupture and some proteins leak out reaching
the bloodstream.? Some of the enzymes and pro-
teins commonly analyzed after exercise-induced
muscle damage include creatine kinase (CK), lac-
tate dehydrogenase, aspartate transaminase and
myoglobin.3* Of all of these analytes, plasma CK
activity seems to be the best indicator of exer-
cise severity and its effect on tissues.* However,
the idea of using plasma CK analysis as an indirect
marker of sub-clinical muscular injury in competing
athletes has not been explored in the literature.

Doubts about the application of CK analysis are
derived from studies suggesting that this mea-
surement is an unreliable marker for histological
muscle lesions.? In addition, CK values measured in
individuals exercising to a similar degree showed
high variability and a non-Gaussian distribution.®
However, the majority of these studies involved
subjects performing specific exercises for defined
short periods.” While these studies make important
contributions to the field of exercise physiology,
they do not provide enough information on CK lev-
els in actively competing athletes. Such a study
could help advance sports science, so we carried
out the present investigation with soccer athletes
competing under normal conditions.

We hypothesized that plasma CK activity could
be a reliable indirect marker of muscle overload
for soccer players, so we began by identifying the
reference interval for this parameter during a real-
life elite competition. We hypothesized further that
plasma CK values below the upper limit of the

reference interval could indicate an adaptive mus-
cular response. Some studies have suggested that
plasma CK activity can arise in the absence of his-
tological lesions, as a consequence of changes in
muscle membrane permeability.8~19 The same mus-
cle membrane alterations that may increase plasma
CK activity also affect the release of growth fac-
tors by muscle cells,'" which could be one way
in which changes in plasma CK activity reflect
muscular adaptation. According this point of view
the individual plasma CK activity above the upper
reference limit may indicate the transition from
adaptive microtrauma to a sub-clinical muscular
injury, increasing the potential for damage.

Reference intervals refer to the range of val-
ues for a laboratory test observed in a specific
population, typically described by upper and lower
reference limits and containing the central 95% of
results.’? In many cases, such as the commonly
measured enzymes, low values are unimportant and
only the upper limit of the reference interval is
used in medical decision-making. In these cases,
the one-sided reference interval can be calculated.
The 95% reference region would then consist of a
single value, i.e., the 97.5th percentile, represent-
ing the upper limit cutoff.’3

The purpose of the present study was to ana-
lyze the distribution of plasma CK activity to
determine the upper limits for professional soccer
players who were participating in the 2001 Brazilian
National Championship. We also tracked CK activity
in one team during this Championship to investigate
whether it could be used as a marker for muscle
overload.

Materials and methods

The analyzed population included active profes-
sional soccer players from five clubs belonging to
the Brazilian Soccer First Division. To avoid inter-
ference with the experiment, athletes who were
taking medications or who were injured and not
training were excluded from the study. The ath-
letes (n=134) were 24 +4 years old and weighed
74.7 +8.0kg (means=+S.D.). This study was per-
formed with the approval of the Ethical Committee
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on Human Research (Proc. 019/2004). All subjects
provided written consent after the purpose, con-
tent and possible risks of the study had been
explained to them.

Experimental protocol

Plasma CK activity was measured in the soccer play-
ers at different times in the Brazilian Championship
in order to cover a large range of competitive stress
conditions. One team included in the group (n=29)
was evaluated monthly throughout the 5 months of
the Championship. The acute hemodiluting effects
of exercise were not considered in the present
study as blood sampling was always performed after
2 days of reduced sporting activity and before the
next game.'*1> After six athletes were excluded,
a total of 128 analyses were used to establish the
upper percentiles.'®

Blood sampling and analyses

Blood sampling took place under standardized con-
ditions in a supine position in the morning after
fasting. For the analyses, 4mL of blood was col-
lected in heparin using the Vacutainer® BD system
and centrifuged at 2000 x g for 15 min under refrig-
eration (4°C) to separate the plasma. Plasma CK
activity was analyzed with Wiener lab kits run in an
automatic analyzer (Autolab Boehringer). The enzy-
matic plasma CK activity was measured at 37 °C.
The internal quality control for the analyte was per-
formed in parallel with the tests by measuring the
levels of the commercial serum control, Wiener lab
Standatrol SE 2.

Statistical analysis

To determine the reference interval for plasma CK
activity, we followed the criteria established by
the International Federation of Clinical Chemistry
(IFCC). Under these criteria, the establishment of
a reference interval depends on the size of the
data set (at least 120 samples) and the method of
evaluation. '3 The first recommendation is to detect
outliers before any estimate of the reference
interval.'? Outliers were detected and removed by
Horn’s test.!” Table 1 shows the number of analyses,
the number of outliers and their values, the total
number of analyses used after outlier removal, and
their mean and median values.

The RefvVal program,'® including practical
approaches and formulas recommended by IFCC,
was used to calculate the upper reference limits for
the non-parametric 97.5th and 90th percentiles,
together with their 90% confidence intervals (Cl),

Table 1  Number of athletes analyzed for plasma CK
activity, the number and values of outliers, and the
median and mean of the retained measurements

Total number of analyses 134
Number of detected outliers 6
Values of outliers 63, 82, 90, 2178,
2833, 3047
Number of used analyses 128
CK (U/L) mean +S.D. 493 + 315
CK (U/L) median 371
40 1
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Figure 1 Frequency of plasma creatine kinase activ-
ity in 128 professional soccer players in the range of
100—1700 U/L.

by Bootstrap methodology.'17:1° Boxplots were
made to show the behavior of plasma CK activity
in players throughout the 5 months of the cham-
pionship. The analyses of the results and statistics
were carried out with the aid of Matlab® 7.0
software. One-way analysis of variance (ANOVA)
was used with Tukey’s post-test. Values of p<0.05
were considered significant.

Results

Determination of the upper reference limit

Fig. 1 shows the histogram of plasma CK activ-
ity. We found a non-Gaussian, left-skewed data
distribution even after the exclusion of the out-
liers. The majority of the data were concentrated
between 150—1000U/L, with a high variability
(200—1600 U/L).

The upper limit values determined for plasma
CK activity are shown in Table 2. Different per-
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Table 2  Upper limit values with their 90% confidence
intervals for CK activity measurements

Table 3 Plasma CK activity from athletes whose rest-
ing time was increased

CK values (U/L)

Percentile 97.5 1338
cR 1191—1639
Percentile 90 975
cP 810—1090

a Cl is the 90% confidence interval for the upper limit of
the indicated percentiles.

centiles 97.5th and 90th were calculated due to
higher values inherent in the soccer player pop-
ulation compared to the general population. The
plasma CK upper limits of the 97.5th and 90th per-
centiles were 1.338U/L (CI=1191—-1639U/L) and
975U/L (C1=810—1090U/L), respectively.

Plasma CK activity throughout the
Championship

Fig. 2 shows a box plot of the behavior of plasma
CK activity of one team throughout 5 months of
the Brazilian Championship. We adopted the upper
limit of the 90th percentile as the decision limit
to detect muscle overload, and this value was
exceeded by two players in July (pre-competition)
and four players in August (beginning of the champi-
onship). These players were asked to decrease their
sport activity level, and their CK activity was re-
analyzed 1 week later. Between them, five players

ary &

=}
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? - |

_g 1000 + o
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£ :
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3 4L

a or 1

July August  September October  November
Figure 2 Box plot of plasma creatine kinase activity of
soccer players during 5 months of the competitive sea-
son. () represents athletes with CK activity above the
defined ‘‘upper limit.”’ According to the ANOVA test,
July is significantly different from October (p<0.01) and
August is significantly different from September, October,
and November (p <0.001).

Athletes CK values
e 20

A 1316 729

B 1090 482

C 983 513

D 1245 507

E 1340 687

F 1800 Not done

2 The first analysis 48 h after a game or training session.
b The analysis after 1 week of reduced sporting activity.

presented lower CK activity values after this rest
period. The data are shown in Table 3.

It is important to point out that one player was
found to have CK activity of 1800U/L on the eve of
a match. He subsequently participated in the game
and unfortunately was injured. He was excluded
from the analysis. The other players did not partic-
ipate in the next game after their plasma CK levels
were found to be higher than the 90th percentile
upper limit. In the subsequent months, plasma
CK values of all players significantly decreased
and showed a more homogeneous distribution
(Fig. 2).

Discussion

In this study we used the IFCC-recommended
methodology to analyze the distribution of plasma
CK activity in professional soccer players from
five clubs belonging to the Brazilian Soccer First
Division. The values varied greatly between individ-
uals, and one reason may be physical differences
between the athletes. We used these values to
determine an upper limit that might be applied
when managing athletes’ performance. Our pro-
cedure allowed us to derive an upper limit from
soccer players during a championship, and this
value may be more appropriate for this popula-
tion than other values reported previously in the
literature.

The upper limits of the 97.5th and 90th per-
centiles for plasma CK activity were 1.338U/L and
975U/L, respectively, which are markedly higher
than the level of 398U/L recently reported for
non-athletes by Stromme et al. [19] These marked
discrepancies are most likely related to the bouts
of intense exercise experienced by the soccer play-
ers daily, which causes a significant amount of
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skeletal muscle stress and may lead to the ele-
vated plasma CK values. In agreement with this
interpretation, Lev et al. [20] reported that the
mean plasma CK measurements of 428 male soldiers
from the Israeli Army at different moments were
around 544 U/L. In addition, Thompson et al. [21]
showed that individuals doing uninterrupted exer-
cise (90 min hard effort interspersed with walking)
had peaks of plasma CK activity with a mean value
of 774 U/L.

As the upper limit of the 97.5th percentile is
higher than the majority of the values found in
soccer players (200—1000U/L), we used the upper
limit of the 90th percentile (975 U/L) as the thresh-
old value for muscular overload. However, the Ci
of the 90th percentile’s upper limit (810—1090 U/L)
should be taken into account, because it may indi-
cate an individual muscular adaptive response as
proposed by McNeil and Khakee [11]. The data
shown in Fig. 2 reinforce this proposition, as the
median values of plasma CK were lower than the
90th percentile’s upper limit. Further evidence
for muscular adaptation may be the observation
that players had their most intense moment at
the beginning of the Championship in August, and
then in the months afterwards, the group’s median
CK activity decreased and the distribution of the
data became more homogeneous. This response
was more pronounced at the end of the cham-
pionship, suggesting a positive muscular adaptive
response in all players during the main competitive
period. These data may reflect the positive results
of the team: a 6th place finish at the 2001 Brazilian
Championship.

Our results suggest the possibility of using plasma
CK activity analysis as a marker for the early
detection of fatigue or muscle overload in soc-
cer players. Determining an upper limit for CK
activity and measuring players against that value
may contribute not only to protecting them physi-
cally but also to optimizing their training schedule.
Players with CK values beneath the upper limit
probably exhibit adaptive muscular responses spe-
cific to this sport, which may allow them to play
with less chance of overload or injury. In our study,
only the athletes with plasma CK values higher
than the 90th percentile upper limit were asked
to reduce their sporting activity. After 1 week, the
players showed a decrease in CK activity and they
returned to their previous routine (Table 3). The
one player in our study who was injured due to mus-
cular overstress during a game showed a CK value
(1800U/L) above the upper limit 1 day before,
which is consistent with our hypothesis that plasma
CK activity can reflect muscle overload and damage
potential.

Practical implications

e The availability of portable apparatus for this
measurement would allow assessment of mus-
cle stress in real-time during a championship.

e This may allow for the development of opti-
mal physical conditioning plans that take into
account the stress limits for individual players
and thereby ensure muscle protection.

e It is important to point out that the specific
reference intervals for the portable kits must
be determined before application.

o In addition, the reference values for athletes
in other sports are likely to be different from
those for soccer players, so they should be
determined in each case.
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Enzyme Number of Number of Values of outliers |Total number |Mean + SD Median
Analyses outliers of analyses
detected
CK 134 6 63, 82, 90, 2178, |128 493,5 + 315,6 371,5
2833, 3047
AST 113 2 19, 141 111 37 £10,4 35

Table I: Number of analyses, outliers detected and their values, and the median
and mean of the values analyzed. CK — creatine kinase; AST — aspartate

transaminase.

Enzyme 95% reference interval [90% reference interval  [85% reference interval 80% reference interval
CK Percentiles 90% CI* [Percentiles 90% CI* |Percentiles 90% CI* |Percentiles 90% CI*
2.5 97.5 5 95 7.5 92.5 10 90
Simple non- (132 1338 |1208-1656{156 (1215 [983-1347 [174 1069 |875-1226 [191 975 803-1208

param.
BootStrap 135 |[1338 [1191-1639|156 [1215 |983-1328 |177 1062 |884-1222 [191 975 810-1090
Table lla: CK reference limits for different reference intervals and methods.
CK - creatine kinase. *Cl — 90% confidence interval of the upper percentiles.
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CAPITULO 1l
Bessa, A, Nissembaun, M., Nunes, LAS; Bassini-Cameron, A; Macedo, DV; LC Cameron. Low Back
Pain Followed by Acetaminophen (APAP) Hepatotoxicity: A Case Report. The American Journal of
Sports Medicine: A Case Report
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Low Back Pain Followed by Acetaminophen (APAP) Hepatotoxicity: A Case

Report

Running head: Exercise and acetaminophen induced hepatotoxicity

Key Terms: acetylcysteine; liver injury; exercise biochemistry; muscle soreness
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Introduction

Back pain is a common problem seen in sports medicine. Not only can this be difficult
to manage but it is also a frustrating experience for the athlete, unable to compete or
train effectively®. Although modern management of acute low back pain emphasizes self
care®, and acetaminophen’s effectiveness in relieving pain is widely accepted’, self-
medication still represents a risk to athletes due to the possibility of acetaminophen

hepatotoxicity exacerbated by vigorous exercise'’.

Here we present a case of silent liver injury caused by self-medication with large doses
of acetaminophen (APAP) taken to relieve pain after lower back injury caused by a

cycling accident.

Case Report

A team of triathletes (n=4) came to us requesting metabolic evaluation and assessment.
We evaluated the VO, of the athletes, as well as their hematologic, biochemical, and
enzymatic profiles. They had been following the same training and nutritional program,

and their performance was very similar based on ergospirometry (Fig. 1).

During the initial analysis, one athlete showed unexpected levels of muscle and liver
injury markers. The athlete’s value for creatine kinase (CK) level was almost 275%
higher, the lactate dehydrogenase (LDH) level was approximately 25% greater, and C-
reactive protein (CRP) was 140% greater than the average value of three teammates.

We also noticed a higher level (36%) of aspartate aminotransferase (AST), a 184%
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increase in y-glutamyltransferase (yGT), and a 350% increase in total bilirubin level,
when compared with his teammates. In contrast, the subject of interest had levels of
liver injury markers alkaline phosphatase (ALP) and alanine aminotransferase (ALT)

similar to the group (Table 1).

After a careful history, we found that the subject had been experiencing back pain for 96
h before testing. He attributed this pain to a previous training session in which a bike
drift occurred, triggering severe muscle pain. As the athlete was training for a major
competition, he decided to keep that information from his medical staff, fearing to be
withdrawn from the team, and started taking over-the-counter painkillers without the
knowledge of his trainers. The athlete indicated that he used up to 9 g of
acetaminophen (APAP) per day over four days to relieve muscle soreness. After
biochemically ruling out diseases such as hepatitis and cirrhosis, we hypothesized that
the athlete had suffered a muscle injury, after which his use of APAP resulted in liver

injury.

Based on his recent history and biochemical profile, we suggested that the athlete
decrease both his training intensity and duration to 30-40% of his previous effort and
increase rest and sleeping time. We did not ask the athlete to completely refrain from
training, since he was scheduled to compete in two weeks. We also suspended the use
of APAP and advised dietary changes. Our dietary plan called for high carbohydrates (=
6 g of carbohydrates/kg/day) and high protein (22 g of proteins/kg/day). We also
recommended a high intake of dietary methionine (Met) and cysteine (Cys), and a daily

dose of 3600-4200 mg of N-acetylcysteine (NAC).
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After two weeks following our training and dietary recommendations, the athlete
reported that the pain had been relieved. This was corroborated by biochemical
analysis, which showed that the amounts of CK and yGT in the blood were less than
20% and 70% of pre-treatment levels, respectively. We did not, however, detect a
change in the level of total bilirubin in the blood; the athlete’s level following treatment
was still higher than the average value of his teammates. Nevertheless, we did detect
an improvement in the bilirubin conjugation measured by the way of both direct and

indirect bilirubin (Table 1).

Discussion

Endurance exercise is very stressful for the body. In fact, it has been proposed that
endurance training can cause chronic liver injury '®. Given the high CK values of this
athlete, we initially thought that he might be suffering from overtraining syndrome'.
However, the athlete’s VOmax test analysis showed him to have similar performance to
his teammates. Since the VO2nax test is widely accepted as the gold standard for OTS
diagnosis, we discarded this possibility.

The athlete reported having back pain after a bike drift. Due to the role of this muscle
group in torso stabilization, we suspected that muscle injury was the principal cause of
the high CK values. Consistent with this hypothesis, the athlete had higher levels of the
classical injury markers CK and LDH than in his teammates. In fact, the CK level was
greater by almost 275% and the LDH by 25%, and these increases are consistent with

our recent report of the kinetics of CK and LDH appearance in the blood °. Our
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explanation of muscle injury is further supported by the elevated CRP value, which

indicates acute phase inflammatory response.

In the present case study, the athlete had a yGT level nearly twice as high as
teammates following the same training schedule, and his AST level showed a slightly
smaller increase. We previously showed that it is possible to separate muscle and liver
injuries using alkaline phosphatase and yGT as hepatocyte integrity markers " 2. These

findings support the hypothesis of liver injury.

APAP is a widely used over-the-counter painkiller in Brazil. Following the bike drift, the
athlete had begun taking a large daily dose of APAP to reduce back pain. Excessive
doses of APAP have been linked to hepatocyte injury ' *. It has also been proposed
that APAP may abolish normal increase in post-exercise protein synthesis by blocking
the production of PGFy, via the cyclooxygenase enzyme, leading to impairment in
muscle regeneration™ °.

Although we cannot ignore the reported correlation of endurance training to chronic liver
injury '®, we believe that the hepatotoxic effect of APAP is to blame in this case. The
high dose alone could lead to liver damage'" and in addition it is known that
acetaminophen consumers perceive lower exertional levels than do their counterparts
not taking it,° and that APAP toxicity is enhanced by exercise'. It is also known that
APAP does not influence protein catabolism '°, therefore we concluded that the athlete
was suffering from acute back pain caused by muscle injury due to mechanical stress,

and that subsequent APAP overdose led to liver injury. We recommended that he use

N-acetylcysteine, an APAP antidote widely used in clinical treatment®. We further
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recommended that he increase his dietary intake of naturally occurring Met and Cys,

which have also been proposed to protect against APAP hepatotoxicitys.

A second evaluation was conducted 15 days after the first, the CK and CRP levels in
the athlete had fallen within the range observed in his teammates, during this
evaluation, we were also able to discard inherited and chronic metabolic diseases. The
level of yGT had decreased by 38% of the level measured at the first evaluation, but it
was still higher than in his teammates. We observed an increase in hepatic function
based on measurement of the liver's ability to conjugate bilirubin. Later evaluations

showed no persistent liver damage or dysfunctions in the athlete.

Taking into consideration that the intake of APAP to relieve pain among athletes is
almost 1000% higher than the non athlete population” | monitoring the consumption of
APAP and monitoring hepatic indices is highly relevant to the sports medicine
community. Our results suggest that our diagnosis was correct, and that the
interventions, specially the merge of oral N-acetylcysteine with dietetic sulfured amino

acids and rest is effective for treating mild APAP intoxication in athletes.
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Table 1

Injured Health Injured Health
Parameter athlete athletes athlete athletes

(1% analysis) | (1% analysis) | (2™ analysis) | (2" analysis)
CK (UI/L) 868 182.7 £19.8 | 147 190.3 £ 20.8
LDH (UI/L) 383 308 + 50.6 408 296.3 £ 53.0
AST (UI/L) 57.3 42.0+ 3.1 55.6 46.9 +11.4
ALT (UI/L) 27.7 25.3+3.1 19.8 35.2+14.4
yGT (UI/L) 47 1 16.6 2.7 33.9 15.3+2.3
ALP (UI/L) 54 75.3+11.3 44 81.3+16.8
CRP (nmol/L) 62.53 25.9+10.8 3.4 12.7 £ 5.1
Total bilirubin (umol/L) 44.3 9.7+1.6 40.0 18.1+2.3
Direct bilirubin (umol/L ) | 9.6 44+0.7 18.8 13.7+4.8
Indirect bilirubin (umol/L) | 34.7 53+1.6 21.0 43+2.5

Table title: Muscle and liver injury markers measured before and after treatment.

Column heads:

Parameter

Injured athlete (1st analysis)

Health athletes (1st analysis)

Injured athlete (2nd analysis)

Health athletes (2nd analysis)

Explanatory legends: Liver and muscle injury parameters measured before and after

team counseling and athlete treatment. Data for health athletes are average + SE.
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FIGURE CAPTION

Figure 1. No difference was found in injured athlete’s VOznax when compared with his

team average. Dashed line, injured athlete; straight line, health athletes’ average.
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CAPITULO IV
Bachini F, Bassini-Cameron A, Cameron LC. Nutrition, Metabolism and Exercise in
Chronic Obstructive Pulmonary Disease. Brazilian Journal Investigating
Pathological Morphological Morphometry. 2006. 1(3): 7-14.
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Resumo.

Durante a evolugdo da Doenga Pulmonar Obstrutiva Cronica (DPOC) ha
desequilibrio no metabolismo com maior consumo de aminoacidos e &cidos
graxos como substrato energético. O processo catabdlico nos pacientes com
DPOC é regulado iminentemente pela liberacdo de mediadores inflamatérios e
hérmonios liberados em resposta ao stress. Como consequéncia do baixo nivel
energético celular ocorre sinalizagdo para a neoglicogénese e anaplerose levando
a maior degradacdo de aminoacidos musculares. Ademais o uso cronico de
corticosteréides amplia o desvio metabolico, podendo levar a reducao da forca
respiratéria e periférica, fadiga e morte. Individuos em catabolismo aumentado
necessitam de suplementagao nutricional e exercicio para estimular o aumento da
massa livre de gordura (MLG), de peso e melhora da capacidade fisica. Na
presente revisao, discutimos os mediadores inflamatérios responsaveis pelas

mudancgas metabdlicas ocorridas na DPOC.

Palavras - chave: Inflamagao, corticosterdides, catabolismo, suplementacdo de

aminoacidos, turnover protéico.
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Abstract

During the evolution of Chronic Obstructive Pulmonary Disease (COPD)
there is an imbalance in the metabolism increasing the use of both amino acid and
fatty acid as energetic substrates. The catabolic process in these subjects is
mainly regulated by the release of inflammatory mediators and stress hormones.
Signalization for neoglucogenesis and anaplerosis takes place as a consequence
of the low energetic status of the cell, increasing the muscular amino acid
breakdown. Furthermore, the chronic administration of corticosteroids increases
the metabolic deviation, leading to a decrease in both respiratory and peripheral
strength, fatigue and death. Subjects with enhanced catabolism require nutritional
supplementation and physical activity to develop free fat mass (FFM), in order to
gain weight and to improve physical fitness. In this review, we discuss the
inflammatory mediators involved in the metabolic changes of COPD.
Keywords: inflammation, corticosteroids, catabolism, amino acids

supplementation, protein turnover
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Introducéo

A Doenga Pulmonar Obstrutiva Cronica (DPOC) cursa com diversas alteragdes
metabdlicas que levam ao balango nitrogenado negativo e ao
comprometimento do estado nutricional (1-7). Este processo catabdlico é
disparado por mediadores inflamatorios e uso de grandes doses de
corticosteréides que aumentam o fluxo de proteinas e geram uma diminuigdo
de forca dos musculos respiratorios e periféricos e um aumento do consumo de
oxigénio (O2) (1, 8-19). O resultado é a perda de massa muscular, a redugdo da
capacidade de produzir forga e a diminui¢do da tolerancia aos esforgos (2, 15,
19, 20). Estes eventos estdo associados a redugdo dos niveis circulantes de
insulin-like growth factor-1 (IGF-1) e leptina com consequente diminui¢do da

sintese de proteinas e reducao da ingestao de alimentos (7, 11, 17, 18, 21, 22).

Na tenativa de manter o nivel energético, o aumento de mediadores
inflamatérios e proteinas de fase aguda (PFA) levam a redugcdo da massa
muscular esquelética (1). Como consequéncia do baixo nivel energético celular
ocorre sinalizacdo para a neoglicogénese e anaplerose levando a maior
degradacdo de aminoacidos musculares (23). A génese aumentada de
metabdlitos nitrogenados e ureagénese resultam em perda de massa muscular
e disfungcdo muscular (16). Portanto, individuos em catabolismo aumentado
necessitam de suplementac&o nutricional e exercicio para estimular o aumento
da massa livre de gordura (MLG), de peso e melhora da capacidade fisica (14,
20, 24-29).

A DPOC cursa com diversas alteragdes metabdlicas que levam ao balango
nitrogenado negativo e ao comprometimento do estado nutricional (1-7). Este
processo catabdlico é relacionado ao aumento do consumo de oxigénio (O5), a
inflamacao sistémica, ao elevado turnover protéico, a ineficiéncia mecéanica dos
musculos respiratérios e ao uso terapéutico de corticosteréides (1, 8-19). A
interacdo destes processos leva a perda de massa muscular, a redugao da

capacidade de produzir forga, a diminuicdo da tolerancia aos esforgos.
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Resultando em aumento do consumo de O, e do gasto energético basal (GEB)

além da perda de massa magra e reinicia todo o processo (2, 15, 19, 20).

O aumento da concentracdo de citoquinas e PFAs exacerbam a reducao da
massa muscular esquelética para manutencdo do nivel energético celular (1).
Em adigéo, a corticoterapia agrava o aumento no GEB e o efluxo de nitrogénio
muscular contribuindo para instalagdo do processo catabdlico. Estes eventos
estdo associados a reducao dos niveis circulantes de insulin-like growth factor-
1 (IGF-1) e leptina, tendo redugado da sintese protéica e hipertrofia (7, 11, 17,
18, 21, 22).

A neoglicogénese, a ureagénese e o0 processo anaplerotico sao vias ativadas
para manutencdo do equilibrio metabdlico (23) resultando em disfungao
muscular (16). Assim, individuos catabdlitos necessitam de suplementacdo

nutricional e exercicio para estimular a sintese de proteina e a MLG (14).

A reabiltacdo pulmonar associada a suplementos/complementos nutricionais
aumentam a oferta de substrato para os processos anabdlicos culminando em
aumento de peso corporal, melhora da capacidade fisica e sobrevida; além de

diminuir o tempo de internagao (20, 24-29).
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Discussion.
2. GASTO ENERGETICO

Na DPOC o desequilibrio entre 0 aumento do consumo e reducdo do suprimento
energético resulta na perda de peso corporal e diminuicdo da capacidade laboral pelo incremento
REE. Causado pela ineficiéncia mecanica e metabdlica dos musculos respiratérios; inflamacao
sistémica; elevado metabolismo protéico e uso de farmacos (9, 13, 19). Assim, em individuos
hipermetabdlicos portadores de DPOC ha dificuldade na ressintese de proteinas que contribui
para a reducdo da forca muscular periférica e diafragmatica, intolerancia ao exercicio, perda de

peso corporal e maior consumo de O; (2, 8, 9, 11, 12, 13, 15, 18, 20).

2.1 METABOLISMO PROTEICO

A diminuicdo do metabolismo protéico é observada em DPOCs com hipdxia pela
diminuicdo do IGF-1 (14). Engelen et al (2000a) avaliaram o fluxo de proteinas em repouso e
demonstraram que a degradacdo protéica € maior que a sintese de proteinas em DPOCs estaveis
da mesma faixa etaria. Ademais, a gravidade do enfisema pode sofrer influéncia do REE e do
metabolismo de proteinas. O metabolismo protéico medido pela sintese de uréia pds—exercicio
nos pacientes com enfisema é similar a de sujeitos saudaveis em exercicio de baixa intensidade,
0 que n&o exacerba o catabolismo de pacientes com enfisema (14).

Se separarmos 0s pacientes com enfisema em 2 subgrupos: macroscépico (E+) e
microscopico (E-) de acordo com a tomografia de alta-resolucdo, estes apresentam respostas
diferentes a suplementacdo de aminoacidos. Assim, a suplementacdo em E+ ndo alcanca a
mesma resposta comparado a E-, devido a diminuicdo da sintese de proteinas e a supressdo do
metabolismo de proteina pds-exercicio (14).

As mudancas no metabolismo de proteinas mediadas pela inflamagdo ocorrem pela
ativacdo de citoquinas que diminuem a concentragdo dos aminoacidos totais no plasma [alanina
(Ala), glutamina (GlIn), glutamato (Glu), asparagina (Asn)] e aumentam o metabolismo protéico
em resposta a fase aguda de pacientes clinicamente estaveis portadores de DPOC e sem
exacerbacdo dos sintomas (Figura 1) (13, 16). Esta resposta metabdlica aumenta a perda de FFM

no DPOC (1, 13). Como consequéncia da perda prolongada de massa magra havera diminuicao



da forca muscular respiratdria e periférica, reducdo da capacidade de exercicio e risco de morte
(2, 3,17, 20).

2.2 INFLAMACAO SISTEMICA

Citoquinas sao proteinas sinalizadoras extracelulares, normalmente menores do que 80
kDa de massa e produzidas por diferentes tipos de células envolvidas na interagdo célula-célula,
funcionando de forma autdcrina, enddcrina e paracrina. As citoquinas podem induzir a expressao
de receptores que mudam a responsividade da célula, além de terem acdo sinergista ou
antagbnica, dependendo da afinidade dos receptores celulares, que sdo reguladas pelo trabalho
celular (30). O processo inflamatdrio cronico com elevagdo das citoquinas séricas e APPs ocorre
no individuo com DPOC estavel (1, 10, 11, 12, 16). As citoquinas envolvidas neste processo sao,
principalmente, o fator de necrose tumoral-a (TNF-a), a interleucina-1 (IL-1) e a interleucina-6
(IL-6) (12, 31). O TNF-o e a IL-1p sdo citoquinas pro-inflamatérias que provocam a perda de
massa muscular e podem levar a resisténcia ao IGF-1 em mioblastos dificultando a regeneracao
muscular (22). As citoquinas sao classificadas de acordo com a Tabela 1 (31).

A inflamacéo crénica é a maior causa de aumento do REE no DPOC. Mesmo em DPOC
com indice de massa corpérea (BMI) normal. Pode-se medir o aumento dos niveis séricos de
proteina C reativa (CRP), IL-6 e TNF-a (1, 11, 12, 13, 31). Este fato, tem sido correlacionado a
perda de massa muscular esquelética via sinalizacdo por leptina relacionada ao status proé-
inflamatdrio, diminuicdo da ingestao dietética e aumento do catabolismo (1, 11, 12, 13, 31, 32).

E sabido que em animais anoréxicos, o lipopolissacarideo (LPS), o0 TNF-a e a IL-1
induzem a producao de leptina que reduz a ingestdo de alimento (33). A diminuicdo do aporte
energético contribui para perda de peso em pacientes estaveis com enfisema podendo ser
considerado uma consequéncia dos efeitos metabolicos do TNF-a p55 e leptina (9, 32). Embora,
Takabatake et al (1999) postulem ndo haver relagcdo entre o sistema TNF-a e leptina, pois a
regulacdo fisioldgica da leptina seria mantida apesar da perda de peso. Por outro lado, a reducéo
do consumo dietético e 0 aumento do TNF-a poderiam levar & anorexia e funcionar como
indutores da perda de peso, o que explicaria o0 observado clinicamente (11).

O aumento das citoquinas pré-inflamatorias vem sendo associadas a depressédo em idosos

sendo relacionados a reducdo da fungdo cognitiva e disturbios do sono. Estas mudangas sao



induzidas pelo stress psicologico e ativacdo do eixo hipotalamo-pituitario-adrenal (HPA) com
aumento do nivel de cortisol e reducdo do dehidroepiandrosterona (DHEA) (34, 35).

Este fato ja foi observado em portadores de DPOC, indicando ativacdo do eixo HPA e
dificuldade de hipertrofia (31). E pode ser explicado pela imunesenescéncia ligada a
endocrisenescéncia que induz ao aumento da producdo na propor¢do IL-6/TNF no qual eleva a
razdo cortisol/sulfato de dehidroepiandrosterona (DHEAS) (34, 35). Em particular, a reducéo da
concentragdo de DHEAS aumenta a produgdo de IL-6 no envelhecimento ou na doenca
inflamatoria (34). O conhecimento destas relagdes inflamatorias é importante para estabelecer

alvos de combate durante o processo inflamatorio da doenca (35).

2.2.1 Fator de Necrose Tumoral

O TNF-a é liberado por macréfagos, células T, mastdcitos e células epiteliais das vias
aéreas desempenhando um importante papel no mecanismo de defesa (30). S&do conhecido pelo
menos dois receptores de superficie celular do TNF-a (p55 e p75) que podem ser liberados como
moléculas sollveis e agir como intermediarios da atividade desta citoquina. O p55 parece
exacerbar o0 mecanismo de resposta inflamatdria por aumentar a migracéo dos neutréfilos para o
pulmé&o, e o p75 parece ser um modulador da acdo inflamatoria, pois atenua o efeito toxico do
TNF-a. Assim, a sinalizacdo do TNF-a ndo é dependente somente da sua concentragdo, mas
também da acdo dos receptores solUveis, p55 e p75 (36) (Figura 2):

Na DPOC, o TNF-a pode ser ativado por 2 sistemas: pela hipoxemia, que é apontada
como a ativadora do sistema TNF-a e pela exposi¢do a fumaca de cigarro, que aumenta os niveis
de TNF-a (37, 38).

No portador de DPOC estavel, principalmente em enfisematosos, o aumento da
concentracdo plasmatica de TNF-p55 parece estar envolvido na perda de massa muscular (1, 12,
19, 32). Embora, o0 aumento da secrecdo soroldgica do TNF-a parece ndo envolvido na perda de
peso em pacientes desnutridos com DPOC (39). Para explicar tal fato, tem sido proposto que
citoquinas, de forma analoga as endotoxinas, promovam a expressdo de leptina que reduz a

ingestdo de alimentos e contribui para a perda de massa muscular (1, 11, 12, 32, 33).



2.2.2 Interleucina-1

A IL-1¢ sintetizada nas células B, endoteliais, das vias aéreas, fibroblastos e em diversas
celulas brancas (macrofagos, mondcitos e neutréfilos) (30). S&o conhecidos dois tipos principais
de IL-1 a a ¢ B que se ligam a dois receptores: 1) IL-1RI encontrados nos fibroblastos, células T,
endoteliais e da musculatura lisa; e 2) IL-1RII formado nas células B, mondcitos ¢ linfocitos
polimorfonucleares (40).

O paciente com DPOC estavel apresenta 0 mesmo nivel sérico de sIL-RII que sujeitos
saudaveis (12). O sIL-RII é um anti-inflamatério que se liga a IL-1p e reduz a disponibilidade
desta citoquina e a sinalizacdo inflamatoria (40). Um dos efeitos do tratamento com
corticosterdides € o aumento dos niveis de sIL-RII, que pode contribuir para a melhora clinica
desses pacientes (12). Embora a IL-1B e a IL-6 possam estimular em hepatdcitos a sintese do
receptor antagonista da IL-1 (IL-1RA) que inibe os efeitos da IL-1 (41). Parece que com
auséncia de mudancas nos niveis de receptor soltvel de interleucina Il (sIL-1RIl) vem associado
0 aumento dos niveis de mediadores pro-inflamatérios, tais como: APP, STNF-Rs e o numero de
leucdcitos, estes achados sugerem um desequilibrio entre os mediadores pr6 e anti-inflamatérios
na circulacdo de individuos com DPOC estavel (12). O aumento de mediadores pro-
inflamatdrios e IL-1 estimulam a producdo de leptina levando a reducdo do apetite, aumento do
REE e do metabolismo de proteinas (13, 14, 16, 33). Acrescentando a esta situacdo de caquexia,
0 TNF-a e a IL-1B induzem a resisténcia de IGF-1 em mioblastos levando a reducgdo da

miogénese (22).

2.2.3 Interleucina-6

A IL-6 é produzida pelas células T e pelas mesmas células que produzem IL-1 (30). A
IL-6 liberada pelos macréfagos pode induzir a sintese de novo de proteina ligada a lipoproteina
(LBP) pelo redirecionamento dos aminoécidos (Ala, GIn, Glu e Asn) do musculo para o figado e
promover aumento da resposta inflamatoria induzindo a sintese hepatica de LBP e CRP,

auxiliando o desequilibrio protéico e perda de massa muscular magra (Figura 1) (3, 42).



A IL-6 também pode ativar o eixo HPA e, consequentemente, as interagdes hormonais de
fatores catabolicos (IL-6 e cortisol) e anabolicos [testosterona livre (Thio) DHEAS e IGF-1],

contribuindo para relagdes sinalizadoras do catabolismo (Tabela 2) (31).

2.2.4 Proteinas de Fase Aguda

Diversas proteinas podem ser usadas como marcadores inflamatdrios agudos e de leséo
teciduais. Clinicamente APPs sdo classificadas em dois grupos. As APPs 1 (CRP, substancia
amildide A e oy-glicoproteina acida) sdo estimuladas por TNF-a, IL-1B, IL-6, dexametasona
(DEX) e LBP. E as APPs 2 (fibrinogénio, haptoglobulina, ceruloplasmina, antiproteases) sao
reguladas pela IL-6 e a DEX (42, 43, 44).

A LBP é uma proteina plasméatica que age na fase aguda da resposta de defesa das
bactérias Gram-negativas que liberam LPS. Sabe-se que o LPS forma um complexo de alta
afinidade com o CD14 de mondcitos, provocando a liberacdo de TNF, IL-1 e IL-6 que
contribuem para o aumento do REE e do metabolismo de proteinas (13, 14, 16, 42). Portadores
de DOPC hipermetabdlicos apresentam elevados niveis de CRP e LBP que sinalizam o
redirecionamento de aminoacidos musculares para o figado com objetivo de manter
concentragdes normais de proteinas no sangue e no musculo (11, 12, 16). Por isso, 0 aumento do
fibrinogénio plasmatico e da IL-6 sdo considerados indicativos do risco de hospitalizacdo de
pacientes com DPOC. Estes marcadores tém sido associados ao decréscimo da func¢éo pulmonar
e aumento da inflamac&o das vias aéreas (43, 44).

Quando esta situacdo ndo é equilibrada pela ressintese de proteina, ha exacerbacdo do

estado catabdlico que pode levar a morte (3, 17, 18).

2.3 FARMACOS E METABOLISMO NO DPOC

Corticosteroides

Foi demonstrado em diferentes modelos animais que a triancinolona pode provocar
hipotrofismo no figado e nas fibras tipo Ilb do diafragma e gastrocnémios. Este efeito acontece
devido a diminuicdo da sintese de IGF-1 ocasionando reducdo da for¢a e massa muscular (21).

A metilpredinisolona também provoca reducéo nos niveis séricos de IGF-1 (1, 7, 11, 21). E em



doses elevadas (66mg/dia) pode induzir ao hipermetabolismo e levar ao maior requerimento
protéico, exacerbando o processo catabolico em DPOC hospitalizados e risco de morte (17). No
paciente entubado, altas doses de metilpredinisolona (240 mg nas primeiras 48 horas) pode
desenvolver miopatia quadriplégica aguda levando ao aumento da duracdo da ventilacdo
mecanica e o tempo de internacdo (45). Contudo, em doses terapéuticas é capaz de melhorar a
reacao inflamatoria das vias aéreas e 0 espasmo durante as exacerbacGes em pacientes internados
(46).

H& evidéncias que predinisolona administrada em altas doses possa aumentar a
concentracdo de leptina culminando em reducdo da ingestdo alimentar, perda de peso e
diminuicdo da forca muscular periférica e respiratoria (2, 9, 11, 18). E em baixas doses a
predinisolona ndo prejudica a forca muscular e respiratéria, ndo altera as concentracGes de
enzimas glicoliticas e oxidativas e ndo piora a ressintese de ATP, demonstrando que
administrado em doses baixas pode ser seguro em pacientes estaveis (5, 47).

O tratamento com corticosterdides pode induzir a miopatia. Quando ocorre tal fato pode-
se mudar o esquema terapéutico reduzindo as doses altas ou mudando por exemplo de
triancinolona para predinisolona que é considerado mais seguro (48). E ainda, pode-se
descontinuar a terapia em pacientes estaveis dependentes do corticosterdide, pois ndo causa um

aumento de exacerbac@es e proteja 0 paciente da perda de peso (49).

3. ALTERACOES MUSCULARES

O portador de DPOC apresenta hipotrofia e/ou atrofia das fibras musculares ocasionando
dificuldade na sintese e metabolizacdo de substratos devido a reducdo da atividade de enzimas
oxidativas e glicolitica e diminuicdo da capacidade de realizar exercicios de endurance (20, 50).
A reducdo da atividade da citrato sintase e 3-hidroxiacil CoA desidrogenase promovem uma
diminui¢do na velocidade da P-oxidagdo e metabolizagcdo da acetil-CoA acompanhada de
diminuicdo do consumo de O, maximo e da funcdo pulmonar (4). Além disso, a reducdo da
atividade de citocromo oxidase e succinato desidrogenase em pacientes hipoxémicos pode
ocasionar dificuldade de ressintese de ATP e reducdo da reacdo ATP/ADP (23, 50). Em adicdo a
este quadro enzimatico, a ineficiéncia respiratéria em repouso que ocorre pelo aumento da

resisténcia das vias aéreas devido a producdo de muco e fibrose pode estar vinculada a maior



hiperinsuflacdo dinamica que exige aumento na resposta ventilatoria. Assim, individuos com
ineficiéncia mecanica (DPOC malnutridos e hipermetabolicos) e com reducdo da atividade de
enzimas oxidativas e glicoliticas tém maior consumo de O, durante o exercicio submaximo, que
associado a inflamac&o sistémica e a reducdo dietética podem levar a perda de peso, a reducao da
forca muscular respiratdria e reducéo da tolerancia aos esforcos (2, 8, 9, 15, 20, 50).

Os corticosteroides levam ao aumento do REE, reducdo da massa muscular e aceleragédo

do catabolismo, elevando o risco de morte em pacientes com DPOC (17, 18).

4. EXERCICIO NO PORTADOR DE DPOC

Diversos fatores contribuem para a reducdo de oferta de O, para os tecidos, reducdo da
capacidade do exercicio e piora dos sintomas no portador de DPOC (20, 51). A reducdo da
capacidade de exercicio acontece em parte devido ao aumento da atividade glicolitica e reducdo
da oxidacdo mitocondrial, associadas a reducdo da razdo ATP/ADP e fosfocreatina/creatina
(PCr/Cr) que resultam em acumulo de piruvato (4, 23, 50, 52, 53).

A producédo excessiva de citoquinas (IL-6, TNF-a e interferon-y) inibe a produgdo e o
efeito da eritropoetina nas células eritroides causando resisténcia ao horménio diminuindo a
maturacdo da hemacia (51). A limitacdo ao exercicio no paciente com DPOC também pode
acontecer via processos anémicos causados pela inflamacao.

O hipermetabolismo reduz a capacidade de realizar exercicio devido ao aumento da
necessidade de O, muscular (2, 8, 9, 11, 12, 13, 15, 18, 20). A perda de massa muscular e a
disfuncdo muscular estdo relacionados a hipoxemia em DPOCs aumentando o catabolismo do
Glu intracelular que pode levar ao aumento da concentracdo de piruvato via alanina
aminotransferase (ALT). Em seguida, o piruvato pode ser transformado em lactato com a
finalidade de manter o potencial redox da célula (50, 53). A amdnia produzida durante esta via é
exportada do musculo ligada a Ala e GIn (carreadores ndo toxicos), que sdo usados na
gliconeogénese ou ureagénese (16, 54) (Figura 3).

Um programa de exercicio de endurance é capaz de diminuir a frequéncia respiratéria de
repouso pela reducdo da ventilagdo minuto e do espaco morto fisioldgico ou aumento da taxa de
eliminacdo do CO, (55). A reducéo da producdo de catecolaminas e o aumento da extragao de O,

pode levar a angiogénese e incremento da capacidade oxidativa mitocondrial que culmina na



reducdo de lactato sérico ou geracdo de CO, do bicarbonato (29). Este aumento da capacidade
oxidativa mitocondrial € verificado pela dimuicdo na relacdo fosfato inorganico/fosfocreatina
([Pi]/[PCr]) e ligeiro aumento do pH intracelular apds treinamento (28).

O sistema de regeneragdo muscular do DPOC parece ser preservado uma vez que pos-
internacdo hospitalar ha cerca de 8% de aumento na forca de quadriceps ap6s 90 dias somente

com atividade de vida diaria (7).

6. SUPLEMENTACAO

Alguns pacientes com DPOC apresentam uma resposta inadequada a dieta devido a:
anemia, anorexia, envelhecimento, inflamacdo sistémica, e treinamento. Resultando em um
equilibrio energético negativo que afeta o trato gastrointestinal levando a diminuigdo da absorcao
(10, 14). A intervencdo de dieta terapéutica precisa ser considerada com objetivo anabdlico
durante o treinamento, sinalizando equilibrio energético positivo (14, 54, 56).

Assim, a suplementagdo nutricional durante o treinamento em pacientes depletados de
FFM é necessaria porque o exercicio sozinho ndo é capaz de aumentar a sintese de proteinas e
nos pacientes ndo-depletados é opcional, pois estes pacientes podem aumentar a forca e a
resisténcia muscular sem intervencgdes ergogénicas (3, 56).

Existem varias propostas para ergogénese na DPOC, por exemplo: as dietas ricas em
carboidratos, acidos graxos polinsaturados (PUFA), creatina, O,, hormonio de crescimento (GH)
e esterdides anabdlicos que visdo ganho de massa muscular e recuperacao funcional (24, 25, 26,
27, 56, 57, 58, 59).

O primeiro estudo a investigar os beneficios de uma suplementacdo rica em carboidrato
combinado a um programa de reabilitacdo verificou aumento da capacidade fisica e ganho de
peso (56). A suplementacdo de PUFA também aumenta a capacidade fisica, mas sem elevar a
FFM (24). Nao foi observado melhora no desempenho fisico durante duas semanas de
suplementacdo com creatina antes do exercicio. Por outro lado, a creatina parece ter efeito
ergogénico positivo na manutencdo do treinamento, ja que foram observados: aumento da
performance muscular; elevacdo na FFM e aumento nos niveis basais e de ressintese da PCr
(27).



Em pacientes desnutridos o uso de GH associado a suplementacao de O, gera aumento da
FFM, do desempenho fisico e diminuic¢do da dispnéia (25). Contudo, somente a suplementacao
de O, durante o exercicio possibilita a melhora da performance, devido a inibicdo da
vasoconstri¢ao hipoxica e reducao na pressao de oclusdo da artéria pulmonar leva a uma reducao
do airtrapping (26).

O uso de testosterona (dose de ataque) e estanazolol em desnutridos culmina em aumento
da FFM, mas sem melhorar a endurance (58). No entanto, a melhora da capacidade fisica e a
reducdo da velocidade de hipotrofia do diafragama podem ser obtidos pelo uso de nandrolona
devido a uma taxa mais elevada na eritropoese e na oferta de O, (57, 60). E a oxandrolona
aumenta a massa corporal e ndo melhora a funcdo pulmonar (59). Todos esses agentes
anabolicos demonstram sinalizar o aumento do peso corporal, contudo ha diferencas quanto ao

desenvolvimento da performance fisica.

Concluséo.

Os disturbios metabolicos nos pacientes com DPOC resultam em reducdo da tolerancia
aos esforcos e risco de morte. A liberacdo de mediadores inflamatérios, o aumento do
metabolismo de proteina, a liberacdo de APP e o uso crbnico de corticosterdide iniciam o
processo de debilidade muscular que levam a alteracdo da mecanica respiratoria, resultando em
disfuncdo muscular e fadiga precoce.

Os mediadores inflamatorios funcionam como sinalizadores do sistema hormonal
reduzindo a ingestdo alimentar e favorecendo a elevacdo dos hormdnios catabdlicos. Esta
exacerbacdo do desequilibrio metabdlico diminui o metabolismo de proteina e dificulta o
anabolismo. Assim, instala-se 0 estado de inani¢do na tentativa de manter as concentragdes
protéicas mausculares e sanguineas. Os mediadores inflamatérios sinalizam o efluxo de
aminoacidos musculares para o figado na tentativa de manter o suporte de substrato para os
orgédos e tecidos, sintetizando principalmente, glicose, ureia e APP. Entretanto, durante este
maior funcionamento hepéatico ha exacerbacéo e retroalimentacdo do estado catabolico e morte.
Que pode ser agravado pelo uso prolongado de corticosterdides pela redugdo do nivel sérico de
IGF-1.



Todos esses acontecimentos metabolicos juntos associados a hipoxia, ao envelhecimento,
a hiperinsuflacdo pulmonar e resisténcia das vias aéreas culminam em aumento do consumo do
O, e catabolismo.

O catabolismo leva a diminuicdo da capacidade de realizar exercicio pela reducdo da
atividade de enzimas oxidativas e glicolitica dificultando a ressintese de ATP.

Exercicios de longa duracdo sdo capazes de aumentar o perfil oxidativo mesmo em
pacientes com peso reduzido (20), junto a suplementacdo com O, e orientacdo nutricional feita
por profissional competente. Desta forma, a fisioterapia surge como uma ferramenta importante
para se conseguir melhorar a fun¢do muscular, o desempeno fisico e tolerancia as atividades do

dia a dia.
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Tables

Table 1
Categoria Citoquinas
Linfoquinas IL-4, IL-5, IL-6, IL-10,IL-13
Fatores quimiotaticos para
Neutrdfilos CXC quimioquinas (IL-8,GRO-o,ENA-78),IL-
1,TNF,IL-17
Eosindfilos CC quimioquinas (eotaxina, RANTES, MCP-4),
GM-CSF
Mondécitos/macréfagos MCP-1, MIP-1a, RANTES
Células T IL-16 (CD4+), MIP-1a, (CD8+), STCP-1(Th2),
RANTES (meméoria), MCP-1
Pré6 — inflamatorio IL-1B, TNF-q, IL-6
Anti — inflamatéria IL-10, IL-1RA, IFN-y
Fatores de crescimento TGF-B, PDGF, EGF, IGF

Tabela 1. Citoquinas na doenca pulmonar obstrutiva crbénica. A tabela demonstra a
classificacdo das citoquinas na DPOC: linfoquinas, fatores quimiotaticos (para neutrdfilos,
eosindfilos, mondcitos/macréfagos, células T), pro-inflamatérios, anti-inflamatérios e fatores de
crescimento (Tabela extraida de Chung, K.F., 2001). EGF: fator de crescimento da epiderme; ENA-
78: neutrdfilo ativador 78 derivados do epitélio; GM-CSF: Fator estimulante da colénia macréfago-
granuldcito; GRO-a: oncogene-a relacionada ao crescimento; 2; IFN-y: interferon gama; IGF: fator de
crescimento da insulina; IL: interleucina; IL-1RA antagonista do receptor IL-1; MCP: proteina
quimiotatica de mondcitos; MIP-1a: 1o proteina inflamatéria de macréfago; PDGF: plaquetas
derivadas do fator de crescimento; RANTES: reguladas na ativagao, células T normais expressadas e
secretadas; STCP-1:1 proteina de células T estimuladas; TGF-f: fator de crescimento transformante-

B; TNF: fator de necrose tumoral; Th2: célula helper tipo .
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Table 2

Fatores anabdlicos e catabolicos | MTCSA < 70cm® | MTCSA > ou =70cm’
DHEAS 1

IL-6 1 1

Cortisol

Cortisol/DHEAS 1

IL-6/DHEAS 1

IL-6/Tbio 1

IL-6/IGF-1 1

Tabela 2. Fatores anabdlicos e catabdlicos e sua relagdo com a area transversa do quadriceps
de pacientes com DPOC. Os niveis de DHEAS estdo reduzidos, enquanto os niveis IL-6 e suas
relagbes com hormdnios anabdlicos se encontravam aumentados em pacientes com MTCSA < 70
cm? . O cortisol esta elevado em pacientes com MTCSA < 70 cm? , como indicado pela proporgao
cortisol/DHEAS em pacientes com MTCSA > ou = 70 cm? estar aumentada. Em ambos os grupos, a

IL-6 estava aumentada. MTCSA= area de secgao transversa do musculo; 1= aumenta; |= diminui
(Adaptado de Debigaré et al, 2003).
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Figures

Figure 1
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Figura 1. Regulacdo metabdlica através da sinalizacdo inflamatéria. A ativacdo pelas citoquinas e
redugdo da concentragdo plasmatica de aminoacidos totais no plasma produzem o aumento do
turnover protéico em resposta a fase aguda (Ala: alanina; APP: proteinas de fase aguda; Arg:
arginina; Asn: asparagina; Cit: citrulina; IL-1: interleucina-1; IL-6: interleucna-6; GIn: glutamina; Glu:
glutamato; Orn: ornitina; TNF: fator de necrose tumoral).
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Figure 2
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Figura 2. Resposta inflamatéria induzida do TNF. A auséncia dos receptores induz a resposta
inflamatéria normal. O TNF-a. com o receptor p55 aumenta a resposta inflamatéria. A presenca do
p75 modula a resposta inflamatéria por atenuar os efeitos téxicos do TNF-a (norm: normal).
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Figure 3

Figura 3. Metabolismo de aminoacidos durante o exercicio. Observe a reagdo do Glu e piruvato
na reagao da alanina aminotransferase (ALT) para recompor a concentragcao de Ala e a-cetoglutarato.
E a captacdo de amobnia pelo Glu formando GIn. Extraido de Engelen et al, 2001 (Ala: alanina; Glu:
glutamato; GIn: glutamina: NH3: amdnia; TCA: ciclo do acido citrico)
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ABSTRACT

Objective: To evaluate the impact of high intensity ultraendurance (HIU) cycling,
using it as a possible way to understand muscle injury kinetics and blood immune
cells’ release during high intensity prolonged exercises.

Design: Male amateur triathletes enrolled during a cycling race of the International
Bike Championship 800 km cycling relay (~23 h). Each athlete alternately cycled
20-25 minutes until exhaustion and performed a total of approximately 200 km.
Results: Creatine kinase levels in blood reached a 300% rise in a sigmoidal
pattern, while lactate dehydrogenase levels increased 30-40% following a
hyperbolic pattern. Aspartate aminotransferase and alanine aminotransferase
levels increased up to 250% and 140%, respectively. Liver injury markers such as
alkaline phosphatase and vy-glutamyltransferase remained stable. Platelets
increased 20-30% from pre-exercise, and there was no change in hematocrit
during the race. White blood cells rose nearly 200%. Leucocytes rose 210% during
the race, with a major component coming from neutrophils, which increased more
than 300%. Triacylglycerol levels were decreased at the finish and total cholesterol
levels remained unchanged. Urate increased (up to 35%) during the first half of the
race, and urea levels increased with a different pattern, increasing 45% in the
second half.

Conclusions: Here we showed the blood appearance kinetics of muscle injury
markers and some metabolites. We suggest that the increase in these enzymes
came primarily from muscle damage instead of liver and that white blood cells are
selectively mobilized independently of hemoconcentration. We also had shown the
early appearance of muscle injury markers in this kind of exercise.

INTRODUCTION

Endurance and ultraendurance exercise are an extreme challenge to human
metabolism. High intensity ultraendurance (HIU) exercise has been defined as
repeated bouts of high-intensity exercise (>75% VOmax) during an ultraendurance
race with limited recovery[1]. Several studies have described metabolic changes
during and after endurance exercise[2], high intensity exercise[3], and
ultraendurance exercise[4], but very little is known about metabolism in HIU. This
kind of activity exposes athletes to exercise intensities higher than in regular
endurance events[1, 5, 6] and is poorly studied, specially in field protocols that
conserves the psychological and environmental stress. The high level physical
demand during these events induces acute changes in metabolism, including
muscle injury[5]. Some of these changes can be accessed by hematological and
biochemical analysis of blood, powerful tools in understanding exercise intensity
and metabolism in physical stress[7-9].

Among all of the changes imposed on the metabolism by exercise, ammonia and
its metabolites has been focus of several recent studies, for review see[10, 11].
Blood ammonia concentration increases during endurance exercise mainly due to
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myokinase activity and deamination by muscle[4], and has been proposed as a
cause for both peripheral and central fatigue[10-12]. Also, metabolites such as
urate and urea increase during high intensity exercise in response to the IMP and
ammonia clearance demand[2].

The strong muscle contractions during exercise may cause micro-tears in both
muscle and the vascular endothelium, which increases the migration of white
blood cells into the muscle, inducing acute-phase inflammatory reactions. We
have shown muscle injury markers appear in an early window with leukocytosis
during intermittent exercise[13]. Since HIU exercise is high intensity and
intermittent, we decided to evaluate its impact on classical muscle injury markers,
white blood inflammatory cells and muscle and liver metabolism[14-19].

Here, we use HIU exercise to evaluate extreme physical stress on biochemical
and hematological parameters. Since athletes were subjected to high intensities
for a long period of exercise, we also hypothesized that HIU exercise is a good
model for understanding part of nitrogen metabolism and the relationship between
muscle injury markers kinetics and the white blood cell response. There are a
couple of unique features of our study. First, this research took place on a highway
without regular traffic interruption (night and day, ~22 h), which adds a
considerable amount of environment stress. In addition, we also measured several
biochemical and hematological parameters, making this a more accurate
investigation on this subject[1, 5]. And more we here show the appearance of
muscle injury markers as short as six hours of exercise.
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MATERIALS AND METHODS
Subjects

An entire cycling team, consisting of four healthy male amateur triathletes (37 +
2.7 years old, 82.5 + 3.5 kg body mass, height = 180.2 + 2.2 cm; VOzmax = 47.6 *
1.8 ml of O2.Kgt.min™ ;: HRmax = 170 + 5 bpm) enrolled voluntarily in this study.
The subjects were initially submitted to an anthropometric and laboratorial analysis
and denied using ergogenic resources or drugs. Written informed consent was
obtained from all athletes. This study was approved by the ethics committee for
human research of the Universidade Castelo Branco and conformed to the
requirements for carrying out research in human subjects (Health National
Council, Brazil, 1996).

The race and blood sampling

We collected blood samples during one cycling race of the International Cycling
Championship. Briefly, the race consisted of 800 km relay cycling (~23 h); each
athlete alternately cycled 20-25 minutes until exhaustion and performed
approximately a total of 200 km (1/4 of the race). The athletes cycled on a regular
highway without transit interruption and with a safety car to protect them. After
each cycle, the athletes were picked up by a support team car and were able to
rest until the next ride set. We used two more vehicles: a mobile laboratory that
had to be developed to collect and to pre-treat blood samples in order to avoid the
loss of volatile compounds and protein degradation and another car to transport
the blood collection team.

Blood samples were collected after the exercise set whenever the subject
completed 50 km. In other words, we collected blood right after the maximum
effort of each athlete at 50, 100, 150 and 200 km. We weighed the athletes
immediately after each cycle for drink counseling regarding weight loss. While
resting between the exercises sets (60-75 min), athletes were allowed to eat ad
libitum and drink under our counseling. Water, sports drinks, carbohydrate gels,
fruits and pasta were available in the support car.

Hematologic and biochemical analysis

Venipuncture made by a certified phlebotomist was performed before and during
the race. After each running cycle, the athlete stopped and in a 30 sec window had
his blood collected. Samples for biochemical assay were collected into tubes with
coagulation enhancer and splitting gel (Vacuette, Greiner Bio-One) and
immediately centrifuged (3,000 x g; 10 min). Blood serum or plasma was aliquoted
and stored in liquid nitrogen for later analysis. Samples were analyzed for muscle
injury markers and biochemical variables. Biochemical analysis were done in an
automatic device (Autolab 18 - Boehringer Mannheim) for creatine kinase (CK),
aspartate aminotransferase (AST), alanine aminotransferase (ALT), y-
glutamyltransferase (yGT), lactate dehydrogenase (LDH), alkaline phosphatase
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(ALP), glucose, urea, creatinine, urate, cholesterol, triacylglycerols (TG), total
proteins, albumin, serum iron, bilirubin, C-reactive protein (CRP) and acid o-1-
glycoprotein.

Hematological analysis was performed by automated analysis (KX-21N Sysmex)
from blood collected into tubes containing EDTA and stored at 4 °C. Total and
differential white cell count were performed, red blood cells and platelets were also
measured.

Statistics

All data were normalized to pre-race values and are expressed as means + SE,
this is so that the changes between pre and post race values are more clear.
Statistical significance was calculated by analysis of variance (One-way ANOVA)
and the level of significance was set at P < 0.05. Linear regression was done by
Pearson’s correlation.

Nonlinear regression was done to determine LDH and CK kinetics.

The increase in LDH activity curve was fitted according to data following a two
parameters hyperbolic equation:

o

F

i =b—|—x

The calculated parameters for the data were: a=49.8 £ 1.8 and b =30.1 £ 4.8.

The sigmoidal increase in CK activity curve was fitted according to data following a
three parameter equation:
()
¥ = x—x0
1+ e "3 )
The calculated parameters for the data were: a = 351.3 + 23.8; b =36.5 £ 5.0 and
Xo =117.0 + 7.6.
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RESULTS

Injury Markers

We observed different blood markers changes during the race. Creatine kinase
(EC 2.7.3.2; CK) blood levels rose in the race, reaching a 300% increase in a
sigmoidal pattern. Conversely, lactate dehydrogenase (EC 1.1.1.27; LDH) levels
increased with a hyperbolic behavior to 30-40%, reaching most of its raise in the
first 50 km (fig 1). Aspartate aminotransferase (EC 2.6.1.1; AST) and alanine
aminotransferase (EC 2.6.1.2; ALT) had a clear increase up to 250% (fig 2A) and
140% (fig 2B) from pre-exercise values, respectively, at 50 km. ALT remained
greater than before exercise at the end of the race.

Typical liver injury markers such as alkaline phosphatase (EC 3.1.3.1; ALP) and y-
glutamyltransferase (EC 2.3.2.2; yGT) remained stable during the race 22.4 + 9.6
U/L and 75.5 = 26.7 U/L respectively, due to personal differences.

Blood cells

To understand the effect of high intensity ultraendurance exercise on blood cells,
we measured the amount of platelets and both red and white blood cells. There
was no change in hematocrit, hemoglobin, MCV, MCH or MCHC during the race.
Platelets increased 20-30% from pre-exercise at 100 km, returning to pre-exercise
levels (table 1).
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Pre 50Km 100Km 150Km 200Km
(absolute 0 0 0 0
value) (% of pre) (% of pre) (% ofpre) (% of pre)
Hematocrit 44'?0/;:)0'9 99.2+16 982422 99.0+21 99.5+2.0
Haemoglobin | 232006 1004008  99+21 992+17 100.3+16
(mmol/L)
MCV 88'fo)2'7 99.5+ 0.3 99+04 97.2+14 98702
MCH 29'7(;9;)'97 100£0.4  100+0.4 98.2+21 100.3+0.4
322413 105.5 +
MCHc R 1053+ 4.6 106 + 4.7 s 106.3 + 4.9
Platelets 251+31 1950484 1223+21% 127+7.1% 121.0+2.0
(x10°%/L)

Table 1. Hematological parameters measured during high intensity ultraendurance
cycling. Data are mean + SE. Statistical analyses were done using normalized
values. * p<0.05 compared to pre-exercise. MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHc, mean corpuscular hemoglobin
concentration

Total white blood cells count (WBC) rose to nearly 200% with hyperbolic kinetics
from pre-exercise over the whole race, without differences between the points. To
assess the extent of exercise influence on WBC, we also did a differential WBC
count, measuring the leukocyte sub-populations. Lymphocytes increased up to
210% during the race (fig 3A). The major contribution to the leukocyte increase
came from neutrophils, which increased more than 300% from the first
measurement (50 km). Even with an increase from 300-740%, CRP was higher
than pre-exercise only at 150 km (fig 3B). We plotted the erythrocyte counts
together with leukocyte sub-populations to control for blood volume variations.
The red blood cells remained at the same level during the competition.

Glucose, Fat Metabolism, Urate and Urea

Glucose levels fluctuated during the contest, as expected, due to CHO intake (Fig
4A). Triacylglycerol levels decreased at the end of the race to 87% compared to
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those at 50 km (Fig 4B), and total cholesterol levels remained unchanged (data
not shown). Urate increased (up to 35%) during the first half of the race, and urea

levels increased with a different pattern, reaching a 45% growth at the second half
(Fig 5A and 5B, respectively).
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DISCUSSION

Distinctly of usual ultraendurance competitions, athletes have time for partial
metabolic recover after each exercise bout. We believe that the interpretation of
data in this study leads to the understanding of some metabolic responses in HIU
and also give some directives about the metabolic response during this kind of
exercise.

Due to the high difficulty of data collection during the race we evaluated an
apparently small number of athletes. It was possible due to previous biochemical
and hematological analysis showing group similarity. During an 800 km relay
cycling race we measured markers of inflammation, muscle injury and nitrogen
metabolism. To our knowledge, this is the first study to examine hematological and
biochemical responses in a non-staged field protocol of a HIU cycling race. It is
important to figure out that we used an in-field experimental design allowing us to
keep all the race stress.

Injury Markers

It is clear that exercise is a powerful inducer of muscle injury. In our study, LDH
(=140 kDa) had a burst with a hyperbolic increase, tending to saturation at 100
km. As expected, the smaller protein CK (~86 kDa) had a bigger increase,
reaching a 300% increase with a Hill number of ~1.8. This represents a
cooperative behavior to its appearance in blood, probably because most of CK is
bound to the sarcomere M-line. Our data are in agreement with the changes in
injury biomarkers being more pronounced during the second half of a 200 km
ultramarathon race[20].

An interesting finding in this study is that we were able to show an increase in the
muscle injury markers CK and LDH much earlier than classically described[21,
22], a result also recently depicted by another group[23]. This could be due to the
race design, where the athletes rested and were able to keep at high intensity
exercise, or simply because these premature time frames were not exhaustively
investigated previously.

Since injury markers such as LDH, ALT and AST increase following both liver and
muscle injury; it is unclear whether hepatic damage occurs in ultraendurance
exercise[24]. Furthermore, it has been proposed that basal values of these
enzymes in ultraendurance athletes are high due to chronic liver damage following
long-term strenuous exercise[9]. In the present study, we observed increased
amount of blood CK, LDH, AST and ALT. These raises could be due to muscle
and/or liver damage. Our laboratory recently proposed that muscle damage can be
dissociated from liver harm by using more specific hepatic injury markers as ALP
and yGT[13]. Taking these data together with maintenance of in either ALP or yGT
amount in blood found here, we suggest that the increases of these enzymes
came primarily from muscle damage instead of liver.

Blood Cells

Athletes’ body weights were constant during the race (data not shown). During the
experiment, there were no differences in hematocrit, hemoglobin, MCV, MCH and
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MCHC, which represents a lack in volemic variation. On the other hand, there is a
previously described inverse correlation between body weight and hematocrit after
a marathon[8]. In addition, some studies reported increases in hematocrit,
hemoglobin, MCV, and MCH, indicating hemoconcentration at the end of a 36 h
continuous marathon[25, 26]. Since the athletes’ were allowed to rest and to drink
(water and isotonic beverages) during our study, this maintenance of volemia can
be explained by the relay race dynamics and drink counseling by our group. In
accordance with our results, previous studies did not find differences in
hematological parameters during a 24 h ultraendurance marathon in relay runners
or non-stop runners[5, 9].

White blood cell count increases after both endurance and ultraendurance
exercise have been extensively reported[8, 9, 25]. We measured an important
increase in total WBC, especially neutrophils and lymphocytes. This 280%
increment in the total WBC population, was already observed six hours after the
beginning of the race. More importantly, erythrocyte counts did not change at all
over the race. Taken together, these results suggest that WBC mobilization is not
due to a non specific exercise induced spleen release, but rather from a specific
signal. In addition, platelets also seem to be affected by exercise in a spleen-
independent manner, since we observed thrombocytosis without any change in
erythrocyte counts. These data suggest that leukocytosis and thrombocytosis
could be induced by muscle injury as proposed previously[9, 20].

Muscle lesions stimulate immune cell mobilization to the blood stream and
migration to muscle tissue, which is consistent with WBC mobilization due to
muscle injury[13]. We show here that there was an increase in skeletal muscle
injury markers in smaller time frames than classically reported. We were also able
to measure the increase in WBC together with classical muscle injury markers,
suggesting a possible signaling role from muscle injury to promote this early
WBCs’ migration. Hence, it is possible to propose that we can relate the WBC
increase measured in this study with precocious muscle damage.

Metabolism

It is easily predictable that HIU exercise could promote high metabolic stress. To
access this, we evaluated the impact of HIU exercise on indicators of exercise
metabolism intensity[3]. Since the athletes had accessibility to food, it is difficult to
perform a metabolic interpretation of glucose levels. It is interesting to note that the
levels of triacylglycerols decreased without changes in cholesterol. Since the
athletes were not feed with significant amount of lipids, these findings may reflect
the use of fatty acids as fuels, as predicted in long term exercise[27] in addition to
a smaller synthesis of triacylglycerols.

In high intensity exercise part of ammonia production comes from amino acid
deamination which contributes less than IMP production. Even having a huge
amount of CHO supply during the race both urate and urea increase near of 40-50
%. Urate was significantly increased above baseline values in the first half of the
race, and decreased after that. On the other hand, urea increased in the second
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half, with a linear progression (r* = 0.98). Some attempts were tried before predict
the behavior of metabolic pathways in whole organisms which is difficult even
taking apart compartmentalization[28-30]. We suppose that the blood urea
increase in the second race half followed a slowest ammonia metabolism than IMP
degradation, probably due to the need of mitochondrial contribution. These
findings lead us to believe that in the first part of the race, the athletes had an
energetic demand with great IMP production, which was partially equilibrated by
the use of less entropic energetic substrates in the latter half of the race. Taking all
these data together our results lead us to suggest that the exercise demand of the
first half of HIU is metabolic compensated after that probably due the consumption
of fat acids.

WHAT IS ALREADY KNOWN

HIU exercise is an enormous challenge to the body. Muscle damage is known to
affect many athletes and its measurement become an important tool to avoid
injuries and performance decrease[l, 5]. The analysis of muscle enzymes such as
CK and LDH released to the blood stream have been used to quantify muscle
injury extension which an blood appearance window of 24-72h after exercise [1,
21, 24].

WHAT THIS ARTICLE ADDS

The increase in WBC population after endurance, ultra-endurance and HIU
exercise have been reported but never had their kinetics evaluated. Furthermore,
we show an early appearance of several injury markers as CK, LDH, AST and
ALT; blood cells and metabolic indicators during the HIU event. We also show that
during HIU there is a bigger metabolic demand in the first half of the race followed
by a metabolic adaptation.
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FIGURE CAPTIONS

Figure 1. Muscle injury markers increase during high intensity
ultraendurance cycling. Data are plotted as blood creatine kinase (m, CK) and
lactate dehydrogenase (e, LDH) against distance cycled. Lines show non linear
fitting curves using the parameters described under material and methods. Data
are shown as average = SE of the increase in normalized activity from pre-
exercise (0%). Absolute pre-exercise values are shown within the graphs. * p<0.05
compared to pre-exercise. # p<0.05 compared to 50 km.

Figure 2. Blood presence of aminotransferases during HIU. A) Aspartate
aminotransferase (AST) and B) Alanine aminotransferase (ALT) measured in
blood. Data are normalized (average + SE) to pre-exercise values (100%).
Absolute pre-exercise values are shown within the graphs (U/L). * p<0.05
compared to pre-exercise.

Figure 3 HIU effect on blood cells and CRP. (A) Both white blood cells and
erythrocytes presence are plotted in response to exercise; (B) C-reactive protein
(CRP) is also showed during HIU cycling. Data are normalized to pre-exercise
values (100%), and absolute pre-exercise values are shown within the graphs
(U/L). Data are showed as average + SE. In erythrocyte counts SE bars are inside
the symbols. * p<0.05 compared to pre-exercise.

Figure 4. Glicemia (A) and tryacylgliceridemia (B) during HIU exercise. Data
are normalized (average = SE) to pre-exercise values (100%), and absolute pre-
exercise values are shown within the graphs (U/L). * p<0.05 compared to pre-
exercise. # p<0.05 compared to 50 km.

Figure 5. Blood Urate (A) and Urea (B) during race. Data are normalized
(average = SE) to pre-exercise values (100%) and absolute pre-exercise values
are shown within the graphs (U/L). * p<0.05 compared to pre-exercise.
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Glutamine protects against increases in blood
ammonia in football players in an exercise intensity-

dependent way

A Bassini-Cameron,’? A Monteiro,"** A Gomes,® J P S Werneck-de-Castro,"®’

L Cameron'??

ABSTRACT

Objective: High-intensity and prolonged exercise sig-
nificantly enhances the levels of plasma ammonia, a
metabolite with toxic effects on the central nervous
system. The main purpose of the present study was to
evaluate the metabolic response of athletes to glutamine
(GIn) and alanine (Ala) supplementation, since these
amino acids have a significant influence on bath
anaplerosis and gluconeogenesis.

Methods: Professional football players were assigned to
groups receiving either GIn or Ala supplementation

(100 mg kg~" body weight); this supplementation was
either short-term or long-term and was given immediately
before exercise. The players were evaluated using two
exercise protocols, one with intervals (n = 18) and the
other with continuous intensity (n=12).

Results: Both types of exercises increased ammonia,
urate, urea and creatinine in blood. Chronic Gln
supplementation partially protected against hyperammo-
nemia after a football match (intermittent exercise: GIn
—140 (SEM 13)% vs Ala —240 (SEM 37)%) and after
continuous exercise at 80% of the maximum heart rate
(GIn —481 (SEM 44)% vs placebo —778 (SEM 99)%).
Urate increased by 10—20% in all groups, independently
of supplementation. Glutamine once a day supplementa-
tion induced a greater elevation in urate as compared to
alanine at the end of the game; however, long-term
supplementation provoked a lesser increment in urate.
Exercise induced similar increases in creatinine as
compared to their respective controls in either acute or
chronic glutamine administration.

Conclusions: Taken together, the results suggest that
chronically supplemented GIn protects against exercise-
induced hyperammonemia depending on exercise inten-
sity and supplementation duration.

Athletic performance in football is affected by the
subject’s energy-transducing capacity.' The average
work intensity in football is close to the lactate
threshold (80-90% of maximum heart rate
(HRax)).”> However, football matches are charac-
terised by intermittent short periods of high-
intensity activity where accumulation of lactate
takes place followed by periods of low-intensity
activity during which lactate is removed from the
working muscles.” High-intensity endurance train-
ing is important to improve the physical perfor-
mance of the athletes* and requires amino acids as
an energy substrate. Because high amounts of
energy are required during training, amino acid
supplementation has been used to increase the
availability of this substrate and so decrease the

depletion of muscle protein and the effect of over
training.’

Ammonia (NHz+NH,*) has been used as an
indicator of metabolic activity during exercise
because it is associated with the requirement and
production of ATP.° Several studies have shown
that high-intensity and prolonged exercises are
correlated to the appearance of ammonia in blood.
Furthermore, it has been suggested that high
ammonia levels can be toxic to both muscles and
the central nervous system (CNS), and induce
peripheral and central fatigue.”"

In order to decrease the toxic effect caused by
increased levels of ammonia, the CNS enhances
glutamine (Gln) synthesis to buffer free ammo-
nia." In humans, Gln is the most abundant
circulating amino acid. It is synthesized in large
amounts by the muscles, takes part in carbon
transport and is a non-toxic ammonia carrier. The
concentrations of plasma Gln decrease as a func-
tion of exercise intensity because of the increase in
gluconeogenesis and urea synthesis.”” It has been
widely shown that oral Gln supplementation
increases its plasma concentration and its effi-
ciency as an energy substrate during rest or
metabolic stress."*"

The use of amino acids as energy substrates may
increase the pool of ammonia from amino acid
deamination.'® The intramuscular concentration of
alanine (Ala) is decreased during exercise because
this amino acid effluxes from the muscle and is
used as gluconeogenic substrate. The supplementa-
tion of Ala alone or in association with creatine
was recently proposed as both a fatigue delayer and
a potential endurance performance enhancer.” '
Even though Ala is a gluconeogenic substrate, it is
not commonly studied as an ergogenic supplement
during exercise.

In the present study we investigated the
production of nitrogenous metabolites in football
players performing at various exercise intensities
and under different regimes of Ala or Gln
supplementation. We wused the gluconeogenic
amino acid Ala as a control for Gln supplementa-
tion. We hypothesized that Ala supplementation
may have a weaker effect on ammonia production
than Gln because it releases a single ammonia
molecule during anaplerosis.

METHODS

Participants

Professional football players (n = 18, mean (SEM) age
22.6 (0.6) years, weight 70.8 (1.4) kg) volmgeered to
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take part in this double-blind, randomized study. Users of
pharmaceutical drugs or nutritional ergogenic aids were excluded
from the study. Biochemical and haematological characteristics of
the participants were controlled through initial diagnosis. We
informed the participants about the nature and procedures of the
study and they gave their written informed consent as required by
the Research Ethics Committee of the Universidade Castelo
Branco, Rio de Janeiro.

Exercise protocols and amino acid supplementation

The participants received 100 mg kg™ body weight of either L-
glutamine (Gln) or L-alanine (Ala) dissolved in a non-nutritional
beverage. The supplements were weighed, packed in opaque
containers and had indistinguishable organoleptic characteris-
tics. Both amino acids were either administrated 1 hour before
(short-term) or over 5 consecutive days (long-term), including
the exercise day, before the exercise protocol.

We followed the players during their pre-season training and
submitted them to two different exercise protocols with a 60-
day interval (fig 1A and 1B). The first exercise protocol involved
playing two matches 1 week apart; the matches started at 10:00
hours. Because football matches consist of two halves of 45 min
each with a 15 min interval, we classified this as infield
intermittent exercise.

All the athletes received acute supplementation for the first
match (D1: soccer (football) glutamine short-term supplementa-
tion (SQS); soccer (football) alanine short-term supplementation
(SAS)) and chronic supplementation for the second game (D8:
soccer (football) glutamine long-term supplementation (SQL);
soccer (football) alanine long-term supplementation (SAL)) (fig 1A).

A

The second exercise protocol involved running continuously
for 60 min at 80% of the HR,, determined by a modified Bruce
protocol."” Twelve players from the first group performed three
treadmill runs in a controlled indoor environment at 1-week
intervals under different supplementation regimens (fig 1B).
Athletes were supplemented with placebo (IP) in the first
treadmill run (D75), with acute Gln (indoor glutamine short-
term supplementation (IQS)) in the second run (D82) and
chronic Gln (indoor glutamine long-term supplementation
(IQL)) in the last run (D89).

Blood sampling and analysis

All the blood sampling procedures, centrifugation and blood
storage were carried out immediately after collection to avoid
the loss of volatile compounds. The separated sample was
frozen in liquid nitrogen and kept at —70°C. Laboratério Pedra
Verde Ltda. (Campos, Brazil) carried out blood collection and
analysis.

Before pre-season training, the athletes underwent anthropo-
metric, haematological, hormonal and nutritional studies to
ensure homogeneity among the participants. We evaluated
haematocrit, cholesterol, triacylglycerol, serum Fe, Na*, K
thyroid hormones, total and free testosterone, cortisol, aspar-
tate transaminase (AST), alanine transaminase (ALT), gamma
glutamyltranspeptidase (yGT), serum bilirubin, urea, urate, and
creatinine. Also, we analysed coagulation and bleeding time,
capillary fragility, clot retraction, platelet count, prothrombin
time and activity.

During the intermittent exercise protocol, venepuncture was
done in the antecubital vein to collect blood before, at the time
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Experimental design. (A) In the intermittent exercise protocol (football) the athletes were supplemented with glutamine (SQS; n = 8) or

alanine (SAS; n=10) 1 h before the matches (short-term supplementation). Later, the same participants were given supplements (SQL and SAL) for
5 consecutive days (long-term supplementation). Blood samples were collected before supplementation, at the middle and at the end of the game (0,
60 and 120 min). (B) In the indoor continuous experiment, some of the athletes (n = 12) received placebo (IP) and glutamine supplementation, either
short-term (IQS) or long-term (IQL). Blood was collected before and after the exercise (0 and 60 min). The time scale is in days (D) and the protocol
details (min) are shown.
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out period and after exercise. Blood samples were collected
before and after continuous exercise. Glucose, ammonia, urate
and urea were determined by an enzymatic method and
creatinine by the alkaline picrate method.

Statistics

Data are shown as mean (SEM). Vertical bars show pre-exercise
absolute values and line scatter graphs demonstrate data
normalized by pre-exercise values. Gosset’s t test was performed
on the intermittent exercise data for comparisons among groups
and ANOVA was done to the continuous exercise protocol data.
In addition, we tested basal glucose values for a linear trend in
the continuous exercise data. Significant differences were
considered at p<<0.05.

RESULTS

To guarantee homogeneity among the participants enrolled in the
present study, we underwent anthropometric, haematological and
biochemical evaluation before the study and randomly divided the
football players into two groups. There was no difference in the
anthropometric, biochemical, haematological, hormonal and
nutritional parameters measured before the protocols (data not
shown). To date, participants from both groups presented higher
hematocrit values than the standard population, as expected for
people who engage in endurance activities (data not shown). Two
athletes previously considered healthy were excluded from the
study. One presented with a left skewed distribution of the white
blood cell count, diagnosed later as a silent urinary infection; the
other presented with glucose intolerance.

Intermittent exercise

Glycemia increased around 20% and 30% in all groups at 60 min
(15 min of warm-up plus 45 min of the first half) (fig 2A and
2B) and returned to basal levels at 120 min (15 min of time out
plus 45 min of the second half). The glucose increment during
intermittent exercise was not different between the alanine and
glutamine supplementation groups either in the short-term or
the long-term supplementation groups. The basal glucose level
was higher (20%) in both long-term supplementation protocols
as compared to SQS and SAS.

To evaluate the effect of Gln and Ala on ammonia production
caused by energy expenditure during exercise, ammonia
concentration was measured during the football matches. By
the end of the game (120 min), plasma ammonia concentration
increased twofold in the athletes under acute supplementation
(SQS and SAS) as compared to the beginning of the match
(fig 3A), with no difference between the groups. On the other
hand, long-term glutamine supplementation reduced the rise in
plasma ammonia by nearly 65% when compared to the control
chronic alanine ingestion (fig 3B). During SQL and SAL
protocols, the athletes developed a higher basal ammonia level
(100-130%) than in SQS and SAS.

To elucidate ammonia genesis during exercise we evaluated
urate as an indicator of inosine monophosphate (IMP)
metabolism. During the match (60 min), urate levels increased
by 10—20% in all groups, independently of type of amino acid
or supplementation regimen (fig 4A,B). Acute glutamine
supplementation (SQS) induced a greater elevation in urate as
compared to alanine at the end of the game (fig 4A). However,
long-term glutamine supplementation provoked a smaller
increase in urate at 120 min (fig 4B).

The concentrations of blood urea and creatinine were
evaluated as indicators of both hepatic and renal metabolic
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responses. Long-term supplementation increased basal urea in
relation to short-term supplementation. At the end of the game,
urea levels increased 10-20% in short-term supplementation
(fig 5A) with no significant differences between groups
(p=0.07). In the long-term protocol, alanine and glutamine
increased plasma urea by 10% at 60 min (fig 5B). Exercise
induced similar increases in creatinine as compared to their
respective controls (SAS and SAL) in either acute or chronic
glutamine administration (fig 6A,B).

Continuous exercise

To investigate whether nitrogen metabolism was masked by
exercise intensity variation we submitted 12 players to a
continuous indoor exercise protocol by running on a treadmill
at 80% of their maximum heart rate. Participants received both
acute and long-term glutamine supplementation and were
compared with a placebo situation (fig 1B).

Glucose basal levels were higher in long-term glutamine
supplementation as compared to the placebo (fig 2C). Similar to
the long-term amino acid supplementation in the first protocol,
there was an increasing trend from IP toward IQL (p<<0.05).
After 60 min of exercise glycemia was diminished by about 10%
in all groups.

Ammonia levels increased more than 600% in the IP and IQS
groups; on the other hand, the IQL group was partially
protected from increases in blood ammonia levels (fig 3C).
Urate and urea increased after continuous exercise whatever the
experimental situation (figs 4C and 5C). However, when
chronically supplemented with glutamine, athletes exhibited
less urate increases than with IP and IQS. The continuous
exercise led to a creatinine increase of 38% in the IQL group and
50% in the IP and IQS groups, with no significant difference
between them.

DISCUSSION

The intensity and duration of exercise may affect biochemical
and haematological parameters in athletes, interfering directly
with their performance.”® To achieve high methodological
accuracy and eliminate any variables that could mask the results
during our study, the participants underwent haematological
and biochemical tests before the experiments. These indicated
that the metabolic profiles of the participants were adequate
and homogeneous. Moreover, this analysis of the athletes
allowed us to group them first into two groups and then into
three groups in the second protocol, reaching functional
homogeneity of the groups during the distinct experiments.

The prevalent energy source during physical activity is
determined by the intensity and duration of the exercise.'
Prolonged exercise may deplete glycogen stores and increase
the use of amino acids as an energy substrate’” thereby
increasing ammonia production.” ** Hence, it is relevant to
the investigation that the experimental protocol matches the
sport as it is performed in a real situation. Therefore, we used a
field protocol simulating the situation imposed on the athletes
during a competition, i.e., high psychological stress and
intermittent energy demand.

Both GIn and Ala are anaplerotic and gluconeogenic
substrates, and contribute to the synthesis of ATP or glucose.
The ergogenic action promoted by Gln supplementation has
been extensively studied (for a review see® *°). On the other
hand, the use of Ala as a supplement has not been reported, nor
have its effects on metabolism during exercise. With the use of
equimolar amounts of amino acids for ATP net syntilltesis, Gln
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Figure 2 Glycemia during intermittent (A,B) and continuous exercise
protocols (C). (A) Amino acid short-term supplementation. (B) Amino
acid long-term supplementation. Absolute pre-exercise values are shown
in bars. The line scatter shows data normalized to pre-exercise values.
IP, indoor placebo; 1QL, indoor glutamine long-term supplementation;
1S, indoor glutamine short-term supplementation; SAL, soccer (football)
alanine long-term supplementation; SAS, soccer (football) alanine short-
term supplementation; SQL, soccer (foothall) glutamine long-term
supplementation; SQS, soccer (football) glutamine short-term
supplementation; *p<<0.05 compared with pre-exercise.

will release more ammonia than Ala.”” Thus, we compared these
amino acids under different supplementation regimes using Ala
as a control in the intermittent protocol.
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Figure 3 Ammonemia during intermittent (A,B) and continuous
exercise protocols (C). (A) Amino acid short-term supplementation. (B)
Amino acid long-term supplementation. Absolute pre-exercise values are
shown in bars. The line scatter shows data normalized to pre-exercise
values. IP, indoor placebo; IQL, indoor glutamine long-term
supplementation; 1QS, indoor glutamine short-term supplementation;
SAL, soccer (football) alanine long-term supplementation; SAS, soccer
(foothall) alanine short-term supplementation; SQL, soccer (football)
glutamine long-term supplementation; SQS, soccer (foothall) glutamine
short-term supplementation; *p<<0.05 compared with pre-exercise;
Tp<<0.05.

During the intermittent protocol, at no point did glycemia
fall below the pre-exercise measurement.” In fact, a rise in
glycemia was recorded during the interval due to athletes’
feeding and supplementation. The use of long-term supplemen-
tation kept glycemia above basal levels throughout tI}i Erotocol,
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Figure 4 Urate levels during both intermittent (A,B) and continuous
exercise protocols (C). (A) Amino acid short-term supplementation. (B)
Amino acid long-term supplementation. Absolute pre-exercise values are
shown in bars. The line scatter shows data normalized to pre-exercise
values. IP, indoor placebo; 1QL, indoor glutamine long-term
supplementation; 1QS, indoor glutamine short-term supplementation;
SAL, soccer (football) alanine long-term supplementation; SAS, soccer
(foothall) alanine short-term supplementation; SQL, soccer (football)
glutamine long-term supplementation; SQS, soccer (foothall) glutamine
short-term supplementation; *p<<0.05 compared with pre-exercise;
+p<<0.05; £p<<0.05 compared with SAS.

while short-term supplementation promoted a rise in glycemia
during the first 60 min before dropping back to basal levels. This
feature is probably explained by a bigger glycogen stock
following long-term supplementation.” * On the other hand,
in the continuous protocol, glucose levels decreased by 10% in
all athletes in an exercise-intensity-correlated manner.

264

A Intermittent exercise
6 — — 130
54 —
o —120 ¥
L 4 — g
@
5 2
€ 3 110 g
8 S| g
52— |QA <
S| S 100 =
1 —]
Warm  Match Rest Match
0 - 1 ) — %0
Pre (absolute values) 0 15 60 75 120
Time (min)
B Intermittent exercise
7 — 130
6 T
— 5+ T l —120 &
[ * -
- O~ o}
g gy rmE
537 |s|s 5 ‘ 5
a — 100 =
L L 5
1 —
Warm  Match Rest Match
0 — 1 ] — %0
Pre (absolute values) 0 15 60 75 120
Time (min)
C Continuous exercise
40 — — 130
l — 125
LT —
. 30 - —120 &
T ©
— — 115 @
8 =
5 20 — 110 g
- 2
3 105 ©
S 1] é
10 — clQla — 100 §
S|L
Treadmill at 80% of 9%
0 : : maximum heart rate | 90
Pre (absolute values) 0 60

Time (min)

Figure 5 Urea levels during intermittent (A,B) and continuous exercise
protocols (C). (A) Amino acid short-term supplementation. (B) Amino
acid long-term supplementation. Absolute pre-exercise values are shown
in bars. The line scatter shows data normalized to pre-exercise values.
IP, indoor placebo; 1QL, indoor glutamine long-term supplementation;
1QS, indoor glutamine short-term supplementation; SAL, soccer (football)
alanine long-term supplementation; SAS, soccer (football) alanine short-
term supplementation; SQL, soccer (football) glutamine long-term
supplementation; SQS, soccer (football) glutamine short-term
supplementation; *p<<0.05 compared with pre-exercise; p<<0.05.

At rest, arterial ammonia levels are maintained at 50—
100 pM.** Athletes engaged in our study exhibited normal basal
venous ammonia levels (40-60 uM) as in our previous studies
with football players® and marathon runners.” Ammonia has
been proposed as a physiological marker of prolonged intense
exercise and its appearance in blood is positively correlated with
exercise intensity.*** Moreover, ammonia can be toﬁi3 to both
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Figure 6 Creatinine levels during both intermittent (A,B) and
continuous exercise protocols (C). (A) Amino acid short-term
supplementation. (B) Amino acid long-term supplementation. Absolute
pre-exercise values are shown in bars. The line scatter shows data
normalized to pre-exercise values. IP, indoor placebo; 1QL, indoor
glutamine long-term supplementation; 1QS, indoor glutamine short-term
supplementation; SAL, soccer (football) alanine long-term
supplementation; SAS, soccer (football) alanine short-term
supplementation; SQL, soccer (football) glutamine long-term
supplementation; SQAS, soccer (foothall) glutamine short-term
supplementation; *p<<0.05 compared with pre-exercise.

muscles and the central nervous system (CNS), and can induce
central and peripheral fatigue.”™ In the worst case scenario,
ammonia (300-500 uM) induces severe encephalopathy” and
could lead to coma. Therefore, any strategies to protect against
hyperammonemia could enhance physical performance or prevent
CNS injuries. During our study, ammonia levels rose significantly
at the end of the experiment in both protocols regardless of the
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amino acid used. Placebo administration in the indoor experiment
resulted in high levels of ammonia (272 uM on average).
However, we found that long-term Gln supplementation partially
protected against increased ammonia levels in both continuous
(indoor), as previously described,” and intermittent exercise
protocols compared to Ala supplementation. The increase in
ammonia levels was higher in the treadmill activity because high-
intensity continuous exercise impaired athletes” ATP regeneration
capacity. Although of longer duration than our continuous
protocol, intermittent exercise allows ATP re-synthesis, reducing
the production of ammonia from AMP deamination.

In the intermittent protocol, resting ammonia levels were
higher in participants receiving chronic supplementation. This
suggests that constant Ala and Gln supplementation increases
ammonia production. Ammonia levels released by Gln during
the anaplerotic processes were twofold: when comparing them
to those of ammonia released by Ala, we found a bigger basal
ammonemia in the SQL group when compared to SAL. In the
indoor protocol, the basal ammonia levels of the three groups
were the same, probably owing to the better physical
conditioning obtained during the training between the two
protocols.* In the more intense exercise (treadmill), long-term
glutamine supplementation provided less protection (40%) than
in intermittent exercise (70%). These findings support the idea
that part of the protection from GIln occurs in an AMP
deamination-independent way. These findings and interpreta-
tions are reinforced by the complementary urea data obtained in
both continuous and intermittent protocols.

The serum urate level increased along with ammonia during
the exercise, which suggests that the higher ammonia produc-
tion during the study was probably caused by AMP deamina-
tion to maintain the ATP/ADP ratio.°®*¥ In the intermittent
protocol, the ammonia level curve for SQL and SAL athletes had
a higher base level than that of SQS and SAS. The urate level
was the opposite during the pre-exercise. Ammonia production
was already high in the pre-exercise metabolism, since it
increased significantly with the different supplementations
even when no exercise was performed. Taking these data
together, we suggest that this difference in basal levels of
ammonia has a higher contribution from the amino acid
deamination process than from AMP deamination. These
findings suggest a pattern of increased ammonia production
prior to physical effort as a response to the use of amino acids
for gluconeogenesis, glycogenesis and lipid production.

It is relevant to point out that we compared our data with
two different controls: Ala, a monoamine amino acid used to
control the different supplementation protocols, and an internal
control using continuous high-intensity exercise, a model
already used by our laboratory.” These present findings
indicated that both exercise intensity and supplementation are
limiting factors in the protective effect of Gln. Also, the present
study suggests that the protective effect of Gln in ammonemia
rise during exercise should be primarily due to a reduction in
muscle AMP deamination, due to an increase of carbon skeleton
availability or to a contribution of the amino acid to glycogen
stocks as previously described.®* Our current results clearly
show that 5 days of Gln supplementation prior to exercise
partially prevents the hyperammonemia observed after both
intermittent and continuous exercise. Furthermore, since a
football game is characterized by intermittent exercise, these
findings can be applied to other types of exercise with similar
metabolic characteristics.
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METHODS

Subjects

This double-blind randomized study was approved by the Ethics Committee for
Human Research from University Castelo Branco and met the requirements for
carrying out research in human subjects (Health National Council, Brazil, 1996).
Written informed consent was obtained from the subjects, who were instructed as to
the nature and procedures of the study. This experiment was conducted was

described in a previous study (Bassini-Cameron et al., 2007), briefly:

Professional soccer players (n=19) from a first-division team affiliated in the
Confederacédo Brasileira de Futebol (CBF, Brazilian Soccer Confederation)
participated in this study voluntarily. To ensure the control of many experimental
variables that could affect the results, we conducted the experiment during a
contention for the Brazilian Soccer Championship. This procedure guaranteed that all

the athletes had similar diets, training regime, resting and sleep conditions.

The subjects had no medical history of health problems and were not using
ergogenic substances or any other drugs. In addition clinical examinations,
anthropometric measurements and laboratory tests were performed on the subjects
to assure integrity and homogeneity among the groups. The initial laboratory
evaluation tests included hematobiochemical analyses, which allowed the diagnosis

of metabolism distortions that could affect results or impair any interpretation.

Experimental Protocol

No caffeine, xanthine or other substance that could mask the results was ingested by
the athletes for 72h before blood collection.

On the experiment day blood was collected from fasting soccer players, i.e., before
breakfast (PRE). Players were randomly divided into two groups and received a
specific breakfast diet and a supplement caffeine or lactose.

After receiving breakfast and the supplements, the subjects were driven to the test

place, which took 15 min. After 20 min of warming up (articular mobilization and
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elongation exercises), the subjects performed the test protocol under cardiac

monitoring, simulating a soccer match (Figure 1).

Specific Procedures

Caffeine supplementation

The different supplements were in indistinguishable capsules so that the subjects
were not aware of the substance they were ingesting. Caffeine (Purifarma, China)
was given at 5mg-kg™ in two 500mg-capsules that were then completed with lactose
(Via Farma, Brazil) to groups CEx and C. The control group, LEX, received 2

capsules with 500mg lactose each.

Test protocol

The variable distance run protocol (VDR) was used to simulate a soccer match and
was performed for 45 min in a 50 x 50 m court with 5 x 5 m marks. The athletes
received drink containing electrolytes and glucose (Gatorade®) ad libitum throughout
training. After the VDR, Yo-Yo intermittent recovery test (Yo-Yo IRT) (ref) was
performed to drive athletes to exhaustion. This test finished at a different time for
each athlete, and immediately after, blood was collected for laboratory analyses
(POST).

Data Collection

Blood sampling

Venous blood samples were collected from athletes’ forearms in heparinized tubes.
Immediately after the collection, the blood samples were centrifuged for plasma
separation, which were quickly frozen and stored at -70 °C. The samples were
analyzed by Laboratério Bittar Ltda (Niterdi, Brazil).

A range of analyses was carried out to detect any variable that could affect the
results: Urinary myoglobin and troponin | were also determined for evaluation of

muscle integrity (data not show).



Statistical Analyses
The data were analyzed using an ANOVA with condition and time as repeated
measures variables, followed by post hoc t-tests where necessary. Statistical

significance was set at o < 0.05. Data are expressed as mean + standard error.



RESULTS

To guarantee homogeneity among the participants enrolled in the present study, we
underwent anthropometric, hormonal, hematological and biochemical evaluation
before the study and randomly divided the soccer players into two groups. (Bassini-
Cameron et al., 2007) in addition, we evaluated urinary amino acids (lle, Leu, Met,
Phe, Tyr and Val) corrected by the creatinine clearance rate. All the subjects
exhibited normal metabolic functions and there were no differences between the

subjects (data not shown).

Caffeine absorption and group division

To evaluate blood caffeine concentration during the experiment we measured
plasmatic caffeine. Caffeine clearly increased following two patterns so we decided to
split the caffeine supplemented group in two: CEx (~ 900% increase, n = 5) and
SCEXx (~ 10,000% increase, n = 6). There was no difference between blood caffeine
in all groups before experiment and in non supplemented group either before or after
the test (LEx, n = 8) (Figure 2).

Caffeine effect on metabolism

Exercise increased the blood concentrations of glucose (26-53%), lactate (>600%)
and insulin (53-84%). Caffeine supplementation did not affect their response to
exercise (Table 1). On the other hand, there was a dose dependent effect on uremia.
Subjects with the biggest caffeine (SCEx) concentrations exhibit a lack of uremia
increase in response to exercise. No effect was measured regarding blood

concentrations of urate, ammonia or creatinine (table 2).

Caffeine effect on plasmatic amino acids

Caffeine and exercise have had different effects in blood amino acid concentrations.
Gly, Ser and His blood concentration raise were prevented by large amounts of
caffeine. Pro raise in blood was inhibited even in the CEx group. Blood concentration
of Lys, Thr, Tau, Asn, Asp, and Met were not affected by both exercise and caffeine

in our study (Table 3).
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Exercise increased the BCAA concentration on blood by 28%. This increase was
suppressed by caffeine in both groups. Analysis of Val presence in blood showed
that it was the amino acid more affected by caffeine. Control group had an exercise
induced Val increase of 29%, prevented by the use of the xanthine. Leu and lle were
less affected and no significant difference was found between groups. The blood
concentration of Trp was neither affected by exercise nor caffeine. Tyr equally rises
in the three groups and Phe had its exercise induced raise decreased by large
concentrations of caffeine in blood (Table 3).

GIn and Ala are the major amino acid sources for neoglucogenesis. The rise of GIn in
response to exercise was abolished by higher caffeinemia, without effect in both Ala
and Glu blood concentration enhance caused by exercise (Table 3).

Caffeine is described as an urea cycle inhibitor. In our study caffeine promoted an
effect in the blood concentrations of the three urea cycle intermediates Arg; Cit and
Orn. The SCEx group had a significantly deprivation of Cit and Orn blood rise due to
exercise. Blood Arg concentration was also affected (Table 3).

Analyses of amino acid blood exercise induced increase leads to the separation of
caffeine effect in two. lle, Trp, Val and BCAA blood concentration was affected in
both groups. Meanwhile, Orn, GIn, Gly, His, Phe, Ser and Tyr in blood is less affected

by the smallest caffeine concentration (Figure 3).
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Figure 1 - Experimental design. Professional soccer players (n=19) from a first-
division team affiliated in the Confederacdo Brasileira de Futebol (CBF, Brazilian
Soccer Confederation) participated in this study. On the experiment day blood was
collected from fasting soccer players, i.e., before breakfast (PRE). Players were
randomly divided into two groups and received a specific breakfast diet and a
supplement caffeine or lactose. After that the subjects were driven to the test place
and warmed up. The subjects performed a variable distance run protocol (VDR),
simulating a soccer match After the VDR, Yo-Yo intermittent recovery test (Yo-Yo
IRT) was performed to drive athletes to exhaustion. This test finished at a different
time for each athlete, and immediately after, blood was collected for laboratory
analyses (POST). The athletes received drink containing electrolytes and glucose ad

libitum. Described caffeine time is showed for comparison.
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Grafic 1 - Summary of the post exercise plasma amino acids caffeine group

normalized against LEX.

157



50 -

30

20

Caffeine (umol/L)

- g = ad

ol O/ [ e —

LExPRE LExPOST CExPRE CExPOST SCExPRE SCExPOST

Grafic 2 — Caffeine plasma concentration variation in response to exercise. The
exercise induced a 20 times increase in SCEXx post on plasma caffeine.
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SCEXx (n=5) CEx (n=6) LEx (n=8)
PRE POST PRE PRE POST PRE
Glucose (mmol/L) * 45+0.1 6.9+0.3 46+0.1 6.6 +0.4 46+0.1 5.8+04
Insulin (umolU/L)* 51+0.2 9.4+0.3 5.3+0.1 9.1+0.7 5.2+0.2 8.0+0.7
Lactate (mmol/L) * 21104 155+36 [1.9+£0.2 232+32 |19+0.2 17.0+1.6

Table 1 — Plasma glucose, insulin and lactate in response to caffeine supplementation. Values
are means = SE. *(PRE x POST, p < 0.05)

159



SCEx (n=5) CEx (n=6) LEx (n=8)
PRE POST PRE PRE POST PRE
Ammonia (umol/L) * 14.3+4.5 88.8+30.7 | 106+2.3 546+16.0 | 10.7+1.6 70.6+24.8
Creatinine (umol/L) * 94.3+6.0 116.4+9.0 | 93.7+2.2 140.7+6.8 | 103.9+43 | 1182%5.0
Urate (umol/L) 434.3 + | 440.0 + | 416.9 + | 489.6 + | 426.9 + | 378.0 +
35.9 44.7 211 45.1 27.0 23.7
Urea (mmol/L) 6.5+0.5 6.7+05%" [ 85+0.9 95+10% [7.7+05° [84+06

Table 2 — Nitrogen metabolites changes in response to caffeine supplementation. Values are
means + SE. * means difference after exercise (PRE x POST). There are difference by condition for
urea in bold; Difference by condition and time for creatinine; and difference by time for all metabolites.
Significant difference from SCEx versus: ® CEx; and ° LEx. Repeated measures ANOVA: There are
differences by time points in all of these variables Main effect of condition; Multivariate ANOVA —
Metabolism by condition and Time Interception is different for all metabolites.
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SCEXx (n=5) CEx (n=6) LEx (n=8)

PRE POST PRE PRE POST PRE
Asp 21.6+2.0 19.8+1.2 21.3+1.8 22.4+13 18.9+0.4 23.6+2.3
Glu 63.6+5.2 97.0+7.9* 58.8+5.5 843+10.2* 64.5+4.2 103.5+6.8*
Ala 308.8 + 13.1 651.4+475* | 2625+ 153 680.7+74.0* 287.5+29.8 626.5+43.3*
Arg 54.5 3.7 63.1+5.2° 65.6 + 6.6 70.2+55%° 49.8+3.1 62.6+3.9°
Asn 68.0+2.6 64.6+3.9 61.3+6.2 722+7.8 56.3 +3.2 75.0 +5.1
Cit 20.8+2.0 24.1+29° 20.6+1.9 31.0+£3.7* 245+1.9 33.3+2.6*"
Gin 522.2£22.0 508.8 +31.4 486.1 +30.9 602.3+47.2* | 482.6+25.0 616.7 +26.3 *
Gly 217.4+11.3 207.8+7.6 188.5+12.0 240.1+223* 194.0+11.5 2440+99*
His 705+2.4 74.7+3.9 64.7+2.3 88.3+7.5* 62.3+3.5 83.6+3.1*
lle 95.7+3.6 88.9+10.6 82.5+6.9 92.7+9.4 753+ 4.6 95.5+6.3
Leu 148.8+7.8 178.2+13.7 153.3+8.2 181.3+20.3 1375+ 84 177.0+ 8.6
Lys 2228+ 153 214.1+19.1 192.3 + 26.1 238.4 + 16.3 161.3+12.9 2146+ 12.8
Met 305+1.7 36.6 +2.1 30.5+2.4 412+53 27.0+17 429+27
Orn 43.6+6.6 38.1+4.1° 34.8+59 51.1+7.8° 447+ 4.5 68.6+58"°
Phe 65.9+0.9 735+5.9 59.9+5.1 815+6.8* 61553 81.0+46*
Pro 156.6 + 13.0 197.2 £26.2 155.0 £ 8.1 196.0 + 24.6 1729+ 153 239.7+19.3*
Ser 741£29 76.8+4.2 719+4.9 915+79* 66.5+ 3.7 839+34*
Tau 82.3+4.0 89.8+10.0 69.9+8.0 97.3+15.9 63.3+9.2 82495
Thr 1156+ 5.2 1149+ 4.1 118.0+10.8 136.9+ 13.8 110.7£9.8 142.0 + 10.4
Trp 49.8+3.0 473+ 4.1 412+ 3.1 41.4+10.2 36.8+2.8 51.2+34
Tyr 62.2+1.8 83.7+6.2"% 53.5+3.5 942+81* 50.1+2.8 89.0+6.4*
Val 289.9+10.8 | 290.1+29.4 258.9+ 15.3 302.0+25.2 238.8+15.7 307.4+148*
BCAA | 534.3+223 557.2+53.7 | 4947 +30.4 576.0 + 54.9 4517 +28.6 579.9+29.7 *
TAA 2785.3 + | 3240.4 + | 2551.2 + | 3537.1 + 351.1 | 2486.8 + | 35441 +

141.0 251.2 191.0 * 179.2 211.2

Table 3 — Sumary of the plasma amino acids pre and post exercise. Multivariate ANOVA by
condition and time folling by Post Hoc tests. * Means difference by time; Arg, Cit and Orn in bold
means difference by condition; His italic means interaction by time and condition. Significant difference

from SCEx versus: ? CEx: and ® LEx. © means difference from CEx vs. Lex.
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llustracdo da interacdo do ciclo da uréia com o dos acidos tricarboxilicos

no

hepatdécito do grupo suplementado com cafeina (SCEX) com concentragdes cerca

de 9000 vezes mais elevadas em comparagédo aos outros grupos. Os aminoacidos

em negrito tiveram sua concentragdo aumenta na corrente sanguine. A linha

continua cinza demonstra uma das possiveis vias de entrada dos aminoacidos. A

linha pontilhada cinza significa que varios passos da via nao foram esquematizados.
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llustracdo da interacdo do ciclo da uréia com o dos acidos tricarboxilicos no
hepatdécito do grupo suplementado com cafeina (CEX). Os aminoacidos em negrito
tiveram sua concentracdo aumenta na corrente sanguine. A linha continua cinza
demonstra uma das possiveis vias de entrada dos aminoacidos. A linha pontilhada

cinza significa que varios passos da via nao foram esquematizados.

164



Artigo numero 06: Caffeine supplementation effects on plasma aminoacids and metabolism in elite

soccer players

Leu.cme Glucose Insulin
Lysine
LEx Phenylalanine
Tryptophan .
Tyrosine Alanine
Cysteine
Lactate Pyruvate Glycine
Adenyl-succinato Aspartat.e Serine
Asparagine Tryptophan Arginine
AMP Acetyl-CoA Glutamine
N\E Histidine
|, Urate . Proli
con v Oxalacetate Citrate roline
/ ® )
c,a‘bamoxl Ucc'\“ato Malate Isocitrate
*n0-S
- pri™ Fumarate a- Ketoglutarate Glutamate
C\““““e i
4 o o Succinate Succinyl- CoA Isoleucina
e AN -
o \U N osne Methlo.mne
Am© . e W “.\\a\a\’\\“ Threonine
O(r\'\‘““le ey phe Valine
t,‘“-\ne, Glutamate

cre?

llustracdo da interacdo do ciclo da uréia com o dos acidos tricarboxilicos no
hepatdcito do grupo ndo suplementado que realizou somente exercicio (LEX). Os
aminoacidos em negrito tiveram sua concentragdo aumenta na corrente sanguine. A
linha continua cinza demonstra uma das possiveis vias de entrada dos aminoacidos.
A linha pontilhada cinza significa que varios passos da via nédo foram

esquematizados.
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ABSTRACT

Exercise is a good model to study hyperammonemia in humans without requiring
external ammonia exposure. Here we used a new fight-based model to better
understand arginine modulation of both hyperammonemia and the appearance of
leukocytes in the blood. Brazilian Jiu-Jitsu practitioners (men, n = 39) volunteered to
this study. The subjects followed a ketogenic diet for four days before the trials and
received either arginine supplementation (100 mg/kg of body mass/day) or a
placebo. We used an experimental model consisting of a six-minute fight with
athletes wearing full gear. The rate of ammonemia increase during the fight in the
control group was almost twice that of the arginine group (25 umol/L.min™ and 13
umol/L.min™", respectively). The exercise induced an increase in leukocytes of almost
75%. An even greater difference was observed in the lymphocyte counts, which rose
2.2—fold in the control group; this increase was partially prevented by arginine. The
ammonemia curve shape suggests that arginine is helping to prevent ammonia
increase. In this study, we showed a high correlation between increases in both
lymphocytes and ammonia, prevented by arginine supplementation. We also
propose that an increase in lymphocytes could be a metabolic mechanism to protect

from hyperammonemia.
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INTRODUCTION

Hyperammonemia can occur due to urea cycle enzyme diseases or liver failure.
Ammonia (NHs + NH4") is highly toxic to humans, and the liver metabolism maintains
its blood concentration in the 20—100 puM range. The metabolite can cross the blood—
brain barrier and reach levels greater than 800 uM inside the central nervous system
(CNS), which can lead to a decrease in cerebral function, neuropsychiatric disorders
and death(Felipo e Butterworth, 2002). Ammonia-mediated excitotoxicity was
proposed as a way to spread damage in CNS(Munoz, Monfort et al., 2000). Data
obtained from exercise have been used to help to explain hyperammonemia effects,
since several studies have demonstrated that a rise in ammonemia occurs after
different types of exercise(Guezennec, Abdelmalki et al., 1998; Felipo e Butterworth,
2002; Degoutte, Jouanel et al., 2003; Nybo e Secher, 2004; Nybo, Dalsgaard et al.,
2005; Bassini-Cameron, Sweet et al., 2007; Bassini-Cameron, Monteiro et al., 2008).
We have previously proposed that exercise can be used as a tool to study the
interactions between metabolic stress and the immune system(Bassini-Cameron,
Sweet et al., 2007). It is widely known that exercise impacts the immune response
(reviewed in (Gleeson, 2007), and these effects depend on the intensity, duration
and chronicity of the exercise. Changes in the number of white blood cells in
circulation were previously described in various exercise models, including both high
and low intensity exercise(Degoutte, Jouanel et al., 2003; Natale, Brenner et al.,
2003; Ramel, Wagner et al., 2003). Immunological effects due to exercise have been
associated with the mechanical release of leukocytes from the vessel walls due to
blood flow increase or catecholamine release, a mechanism that can be partially

explained by cell adhesion signaling(Van Eeden, Granton et al.,, 1999; Simonson e

Scandinavian Journal of Medicine & Science in Sports - PROOF 171

Page 4 of 42



Page 5 of 42

©CoO~NOUITA,WNPE

Scandinavian Journal of Medicine & Science in Sports - PROOF

Jackson, 2004). It has already been proposed that exercise can be employed as a
model of the temporary immunosuppression that occurs after severe physical
stress(Pedersen e Nieman, 1998; Pedersen e Hoffman-Goetz, 2000).

It has been shown that changes in ammonia in response to exercise can be
managed by wusing amino acids or carbohydrates to interfere with
metabolism(Graham, Turcotte et al., 1997; Carvalho-Peixoto, Alves et al., 2007;
Bassini-Cameron, Monteiro et al., 2008). Arginine (Arg) is a versatile amino acid in
animal cells. It can be used as a precursor not only for protein synthesis but also for
the synthesis of nitric oxide, urea, and other amino acids such as glutamate(Morris,
2006). Exercise studies showed that mammals that received Arg supplementation
had greater concentrations of urea cycle intermediates in the serum, less lactatemia
and better ammonia buffering than controls(Schaefer, Piquard et al., 2002;
Meneguello, Mendonca et al., 2003). Arginine supplementation has also been
described as an immune system stimulator, mainly in the production of T-cells(Field,
Johnson et al., 2000; Sureda, Tauler et al., 2006). Arginine vasodilatory properties,
via NO and its effect on growth hormone secretion, are well documented(Wu e
Morris, 1998; Schaefer, Piquard et al., 2002), but it remains unclear whether its use
may confer an ergogenic effect in healthy individuals exposed to physical exercise
stress(Paddon-Jones, Borsheim et al., 2004).

In this study, we used for the first time a fight-based short duration high-intensity
exercise combined with dietary manipulation as a model to produce an increase in
blood ammonia to better understand arginine modulation of both hyperammonemia
and leukocyte appearance in the blood. We developed this new exercise model to

understand the impact of exercise metabolism in acute rises of ammonemia.
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MATERIALS AND METHODS

Subjects

World class Brazilian Jiu-Jitsu male competitors (n = 39) volunteered to take part in
this double blind, randomized study. The enrolled athletes had a minimum of three
years of Jiu-Jitsu practice. Users of pharmaceutical drugs or nutritional ergogenic
aids were excluded from the study. The included athletes had not sustained any
injuries in the previous six months.

The subjects were randomly divided into two groups. The arginine supplemented
group (RG, n = 16) ingested 100 mg/kg of body mass/day, and the control group (PG,
n = 23) took 100 mg/kg of body mass/day of lactose, with supplement doses as
previously described(Colombani, Bitzi et al., 1999; Schaefer, Piquard et al., 2002;
Paddon-Jones, Borsheim et al., 2004; Ohtani, Sugita et al., 2006; Ruel, Beanlands et
al., 2008; Shao e Hathcock, 2008). Each athlete received packs of indistinguishable
pills containing his daily doses and used them for four days, including the
experimental day.

The athletes were briefed about the aim and the protocol of the study. Informed
written consent was obtained from all the subjects, and the experiments were carried
out in accordance with guidelines from the ethics committee for human research of
the Universidade Castelo Branco, as well as the requirements for carrying out
research in human subjects (Health National Council, Brazil, 1996).

Diet

Athletes of both groups followed a ketogenic diet (caffeine, ethanol and smoke-free)
for three days before the trials, ingesting no more than 50 g of carbohydrates/day

and at least 2 g of proteins/kg of body mass/day; ketogenic diet adherence was
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verified by diet evaluation before the experiment. The experiment was conducted
after 12 h of fasting. The last supplemental doses were given 90 min before the fight.
The Experiment

We used a model consisting of a six-minute Brazilian Jiu-Jitsu fight, with athletes
wearing full gear. The fights were performed at similar temperatures and humidity
and began with the athletes kneeling to avoid injuries from falling. The subjects were
instructed to keep high mobility and avoid finishing the fight. The opponent fighter
was not submitted to a ketogenic diet and was exchanged for a rested athlete after
three minutes of elapsed fight time to keep the intensity as high as possible. Fights
occurred between subjects in the same weight category.

The exercise intensity was evaluated during a pilot experiment, and athletes
displayed a range from 85% to 90% of the maximum heart rate; we also observed
that the fight promoted a similar kinetic ammonia serum rise for all the athletes (data
not shown).

Blood sampling

Blood samples were collected following venipuncture at rest before and after the
fight (1; 3; 5; 7 and 10 min). The pre-fight sample was collected before the last dose
of arginine/lactose and the post-fight sample was collected immediately after the
fight ended.

Blood was collected in tubes containing EDTA and kept refrigerated until
hematological analysis (up to 2 h). Total and differential white cell counts were
performed at least from three different samples. Red blood cells and platelets were
also measured.

Samples for the biochemical assay were collected into tubes with coagulation

enhancer and splitting gel (Vacuette, Greiner Bio-One) and immediately centrifuged
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(3,000 x g, 10 min). Blood serum was aliquoted and stored in liquid nitrogen for later
analysis. Sera were analyzed using clinical kits for the following muscle injury
markers and biochemical variables: ammonia, creatine kinase (CK), creatine kinase-
MB (CK-MB), aspartate aminotransferase (AST), alanine aminotransferase (ALT), y-
glutamyltransferase (yGT), lactate dehydrogenase (LDH), alkaline phosphatase -
(ALP), glucose, urea, creatinine, urate, total protein, albumin, bilirubin, globulin, and
serum hemoglobin. No changes in plasma volume were detected during the
experiment.

Calculations and Statistics

The area under the curve (AUC) for the blood ammonia data for each individual in
each treatment was determined using the equation AUC = {Ai(Ti+1 - Ti) + (1/2)(Ai+1 -
Ai)(Ti+1 - Ti)}, where A denotes ammonia concentration (umol/L) and T denotes time
(min).

Data are shown as mean and standard error. Data were normalized to pre-exercise
values. Intergroup statistical significance was calculated by analysis of variance
(one-way ANOVA), and intragroup significance was established by Student’s t-test.
Data correlations were calculated using Pearson’s test. Significant differences were

assumed at P < 0.05.
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RESULTS

Ammonia and its metabolites

In order to evaluate the effect of blood ammonia concentration from a high intensity
exercise, we used a Brazilian Jiu-Jitsu fight as an exercise stress inducer (Figure 1).
The rate of ammonemia increase during the fight in the control group was almost
twice that of the Arg-supplemented group (25 pmol/L.min”" and 13 pmol/L.min™,
respectively). Statistical analysis of the area under the curve (AUC) showed that the
Arg-supplemented group maintained lower ammonemia (~30%) compared to the
control (Figure 2). Additionally, normalized data analysis showed that the fight
induced a four- to sixfold increase in blood ammonia levels after exercise with a
distinct curve shape for Arg-supplemented subjects (data not shown).

Ammonia production during high intensity exercise is mainly due to AMP
deamination. To evaluate the previous increase in urea due to the higher ammonia
production due to supplementation, we measured the urea and urate concentrations
before and after exercise. Neither urea nor urate changed in response to the fight
(Figures 3A and 3B). On the other hand, the fight led to a 30% increase in glycemia
that remained high until the last measurement was done ten minutes after the fight
ended (Figure 3C).

Proteins and Injury Markers

To ensure that the athletes were at similar training levels and also had similar liver
integrity, we measured classical muscle and liver injury markers. The athletes of both
groups had similar anthropometric conditions (Table 1).

Despite high levels of classical muscle injury markers, such as creatine kinase (CK;

EC 2.7.3.2) and lactate dehydrogenase (LDH; EC 1.1.1.27), the concentration of
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these enzymes in the blood did not change after the fight. Liver injury markers, such
as alkaline phosphatase (ALP; EC 3.1.3.1) and y-glutamyltransferase (yGT; EC
2.3.2.2), also remained stable in both groups. The same stability was seen with the
less specific markers, aspartate aminotransferase (AST; EC 2.6.1.1) and alanine
aminotransferase (ALT; EC 2.6.1.2) (Table 2). The amount of globulins in the blood
increased in both groups after exercise. In the arginine-supplemented group, there
was an 11% increase, while PG globulins rose 15% (Table 2).

Blood Cells and Platelets

The six minutes of exercise induced an increase in leukocytes of nearly 75%. This
heightened level did not decrease in the ten minutes following the experiment, and
we were not able to find a difference between the groups (Figure 4A). To avoid
misinterpretations due to volemic variations, we evaluated red blood cells as well.
Packed cell volume was not altered by exercise (Figure 4B). Platelet count was not
affected by either exercise stress or Arg supplementation (data not shown). We did
not measure differences in red blood cell counts, volume or hemoglobin content in
response to fighting or supplementation.

Differential white blood cell analyses showed a distinct response to both exercise
and Arg supplementation. Basophil counts rose twofold in the control group without
changes in the supplemented one (Figure 5A). Analysis of eosinophil counts
revealed a significant difference between the groups after the end of exercise (Figure
5B). On the other hand, neutrophils seemed to not significantly respond to either
exercise or Arg (Figure 5C).

An even greater difference was observed in lymphocyte counts, which rose 2.2—fold

compared to the control group. This increase was prevented by arginine (Figure. 6A).
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Monocytes rose more than twofold in response to exercise in the control group and

did not show a significant increase in the Arg-supplemented group (Figure 6B).

©CoO~NOUITA,WNPE

We plotted the ammonia response to exercise against lymphocyte count to
understand the relationships between ammonia levels, lymphocyte count, and
13 exercise. The exercise-induced increase in both ammonia and lymphocyte count
15 was highly correlated. The lymphocyte count increase was prevented by arginine

18 supplementation (Figure 7A and 7B).
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DISCUSSION

It is widely known that ammonia has a deleterious effect on many systems, including
the CNS, and has been pinpointed as a potential cause of central fatigue. Blood
ammonia is normally in the 20-100 uM range, and concentrations above this range
have been correlated with the incidence of encephalopathy, coma and death.
Surprisingly, during exercise, ammonemia levels can become greater than 350 uM
without obvious symptoms(Bassini-Cameron, Monteiro et al., 2008). Here we used a
ketogenic diet to deplete glycogen stocks combined with a Brazilian Jiu-Jitsu fight as
an experimental model to understand blood ammonia increase and changes in white
blood cells following exercise.

In this study, blood ammonia concentrations increased four- to sixfold after a six-
minute fight, reaching as much as 610 pM. These values are above literature
averages, even if we consider other fight-based models(Degoutte, Jouanel et al.,
2003; Ravier, Dugue et al., 2008), reinforcing this experimental protocol as a
powerful short term metabolic stress inducer. The velocity of ammonia increase was
partially (50%) retarded by previous arginine supplementation and the total ammonia
was lower in the group receiving Arg supplementation. In addition, the analysis of
individual ammonia clearance points to a greater velocity in the supplemented group.
An increase in blood ammonia depends on different factors, including glycogen
stocks, amino acid deamination and glucose availability(Wagenmakers, Beckers et
al., 1991; Van Hall, Van Der Vusse et al., 1995; Snow, Carey et al., 2000). We used
this knowledge as the rational for depleting glycogen stocks using a ketogenic diet.
In our study, the blood glucose increased up to 30% in response to a fight and

stayed at this heightened level until a final measurement ten minutes after the fight,
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regardless of Arg supplementation. This finding rules out an Arg effect on
ammonemia due to glucose production as a consequence of supplementation. The
ammonemia curve shape suggests that arginine is helping to buffer against the
ammonemia increase, probably increasing the clearance by higher levels of urea
cycle intermediates as previously described(Schaefer, Piquard et al., 2002).

We performed a biochemical pre-evaluation on our subjects to assess the integrity of
their liver function. The liver function of the athletes was assessed based on their
hepatic metabolic function and hepatocyte integrity, measured by the presence of
intracellular hepatocyte enzymes in blood. Neither urea nor urate production showed
any differences before or in response to exercise. This finding is acceptable because
we measured the total production of both metabolites in the blood in a short time
frame. Previous studies in our laboratory showed that long-term supplementation of
both glutamine and alanine increased the resting levels of blood urea(Bassini-
Cameron, Monteiro et al., 2008). In this study, we did not find any differences in both
urea and urate at rest between groups. Both groups had similar increased urea basal
levels when compared with normal subjects due to ketogenic diet. This data reinforce
the possibility that arginine is acting as a reservoir for increased ammonia
detoxification instead of being used as a carbon skeleton donor.

It has been proposed that exercise has a biphasic effect on the immune
function(Nieman, 1994) and that various immune cell functions are temporarily
impaired following acute bouts of heavy exercise(Gleeson, 2007). In this study, we
observed an increase in leukocytes after fighting. We did not find changes in either
packed cell volume, an internal control of volemic changes, or thrombocytes (data
not shown). We did not detect either a significant increase in both eosinophils and

neutrophil counts in response to exercise or any change due to Arg supplementation.
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In contrast, we found a significant effect of supplementation on basophils; monocytes
and lymphocytes in response to exercise.

Distinct effects on white blood cells were reported. In a study on heavy-resistance
exercise, (Kraemer, Noble et al., 1987) reported a decrease in eosinophils, which
was contradicted by later studies showing an increase in total leukocyte count
without differences in differential leukocyte counts(Kraemer, Clemson et al., 1996).
Even with an increase of 50-70% in some athletes, neutrophils did not have a
significant change in response to exercise in our experiment, as expected based on
previously reports(Boyum, Ronsen et al., 2002). Little is known about granulocytes in
response to acute exercise. However some data suggest that there is an increase in
neutrophils following acute exercise, similar to the neutrophil increase caused by
trauma(Northoff, Berg et al, 1998), and that high-intensity exercise decreases
neutrophil and thrombocyte adhesion(Cuzzolin, Lussignoli et al., 2000). These
findings together can help to explain our results.

An increase in leukocytes after acute exercise has been extensively described in a
review by (Gleeson, 2007). In our study, we found a 75-85% increase in leukocytes.
This increase was mainly due to an increase in lymphocytes, in agreement with
many previous reports(Ronsen, Pedersen et al., 2001; Boyum, Ronsen et al., 2002).
We also found an interesting protection against leukocyte and lymphocyte increase
in the arginine-supplemented group. A previous study showed that carbohydrate
supplementation decreases both leukocyte and lymphocyte trafficking during
exercise(Gleeson, Nieman et al, 2004). Recently it has been show that
carbohydrate supplementation attenuates lymphocytosis after acute exhaustive
resistance(Carlson, Headley et al., 2008). As previously discussed, our data can rule

out a protective effect of Arg in leukocytosis due to changes in the glycemia.
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Nitric oxide (NO) is an important defense molecule against infectious organisms and
also regulates the functional activity, growth and death of many immune
cells(Coleman, 2001). NO is synthesized from arginine by nitric oxide synthases and
inhibits  leukocyte adhesion to endothelial cells with anti-inflammatory
activity(Wiesinger, 2001). A previous report by (Sureda, Tauler et al., 2006) showed
neutrophilia and lymphopenia after exhaustive exercise with maintained basal
plasma concentrations of arginine and ornithine, but decreased citrulline levels. It
has been shown that a 3 g/day arginine supplementation can increase the availability
of arginine, ornithine and citrulline(Schaefer, Piquard et al.,, 2002), and since we
used 100 mg/kg/day (6.5-12.0 g/day) it is possible to postulate that the
supplementation used in our experiments resulted in an increased reservoir of these
urea cycle intermediates. The activation of guanylate cyclase by NO was also altered
in lymphocytes from hyperammonemic rats(Corbalan, Montoliu et al., 2002), and it
has been proposed that arginine availability can increase intracellular NO
synthesis(Van De Poll, Siroen et al., 2007). Taking these findings together, it is
possible that our results regarding Arg supplementation in leukocytes could be
explained in terms of NO regulation, where NO synthesis depends on arginine
availability, a control point for cellular NO production.

Hyperammonemia is widely proposed as the main cause of hepatic encephalopathy
(reviewed in (Zwingmann, 2007)). In this study we showed a high correlation
between increases in lymphocyte count and blood ammonia levels, both of which
can be prevented by arginine. It was recently proposed in an elegant study by (Garg,
Banerjee et al., 2008) that T cells can act together with glia to protect neurons. This
protection occurs via liberation of lactate and glutamate from T cells following

astrocyte release of cysteine (a precursor of glutathione synthesis) to protect and
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lactate to feed neurons. In addition, previous reports have shown a metabolic
protection from lymphocytes in target tissues, including the maintenance of
cognition(Moalem, Leibowitz-Amit et al., 1999; Moalem, Yoles et al., 2000; Kipnis,
Cohen et al., 2004). In addition our data also show that blood globulins increase is
affected by Arg supplementation. Given these data, we propose that an increase in
lymphocytes could be a mechanism of metabolic protection from an ammonia
increase in the blood, pointing to a possible role for lymphocytes in response to

hyperammonemia.

PERSPECTIVE

Here we propose that lymphocytes increase in blood in response to acute exhaustive
resistance exercise can be a parallel event to ammonemia raise and more that it is
possible that lymphocytes could be a protective agent helping to metabolizes
ammonia.
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TABLES

Table 1 — Age and anthropometric measurements in Brazilian Jiu-Jitsu fighters assigned to groups PG (placebo group)

and RG (arginine supplemented group).

Ctl Range Arg Range
Age (years) 25.2 (0.4) 21-28 26.2 (0.6) 23-29
Weight (Kg) 82.2 (1.8) 70-103 79.2 (3.2) 65 - 120
Height (cm) 177.9 (1.0) 170 - 188 175 (1.4) 170 - 190

Values are mean (SEM) and range. No statistically differences were detected (p>0.05).
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Table 2 — Muscle and liver injury markers measured before (PRE) and at the first minute after fight (POST). PG, placebo

group; RG, arginine group.

Page 26 of 42

PG RG

PRE POST PRE POST
CK (UNL) 737.0(187.2) 1051.2(401.9) 559.1(128.3) 625.1(148.8)
CKMB (UL)  13.6(4.1) 36.0(13.5) 12.2(2.0) 17.6(3.2)
LDH (UL) 390.0(41.9) 402.8(29.6) 354.6(18.4) 388.3(17.9)
YGT (UL) 21.7(2.4) 21.7(2.7) 27.4(4.2) 30.2(4.4)
ALP (U/L) 80.8(11.8) 88.1(12.0) 67.6(7.7) 74.6(7.4)
ALT (U/L) 23.0(3.8) 26.2(3.2) 30.1(5.2) 29.9(5.1)
AST (U/L) 52.7(17.9) 68.2(21.2) 36.0(3.7) 45.2(5.8)
Albumin (g/L)  43.3(0.2) 46.0(0.2) 45.9(0.2) 50.2(0.2)
Globulins (g/L)  32.5(0.1) 38.0(0.1)# 31.1(0.1) 34.6(0.1)#

Values are mean (SEM) and range. No statistically differences were detected (p>0.05), except for globulins response to

exercise and supplementation.
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FIGURE CAPTIONS

Figure 1. Experimental design. Before the experiment, the athletes were submitted
to a three-day ketogenic diet as described in the Materials and Methods. Blood was
collected (PRE) before the athletes received supplementation. Warm up and
exercise protocols were carried out, followed by blood collections (POST) at 1, 3, 5,

7 and 10 min after exercise.

Figure 2. Blood ammonia concentration increases after a Jiu-Jitsu fight in an
arginine supplementation-dependent way. A six-minute Jiu-Jitsu fight was
performed after a three-day ketogenic diet and athletes received either arginine (RG,
A) or placebo (PG, e). Blood was collected before and after exercise and treated as
described in the Materials and Methods. Control, n = 23; Arginine, n = 16. (%)
denotes that average * SE is different between pre- and post-exercise; (#) denotes a
difference between the two experimental groups. The calculated area under the
curve was 3397 pmol-L™-min™ for placebo or for 2366 pmol-L"-min™" arginine. The

inset shows data normalized to pre-exercise values.

Figure 3. Glucose increases in response to exercise without supplementation
dependence (A). Either supplementation or exercise can change both urea (B)
and urate (C) after fight. Control, n = 23 (PG, e) or Arginine, n = 16 (RG, A).

Average * SE is different from pre-exercise (*).

Figure 4. White blood cell counts increase (A) after a six-minute fight without
packed cell volume change (B). Control, n = 23 (PG, e) or Arginine, n = 16 (RG, A).
Average + SE is different from pre-exercise (*); Absolute pre-exercise for WBCs are
PG 5.9 + 0.2 cells x 10%L; RG 6.4 + 0.5 cells x 10%L and for packed cell volume are

PG 47.5 +0.6 %; RG 46.6 £ 0.6 %.
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Figure 5. Granulocyte counts in response to exercise and supplementation.
Basophils (A); Eosinophils (B); Neutrophils (C). Control, n = 23 (PG, e) or
Arginine, n = 16 (RG, A). Average + SE is different from pre-exercise (*); Difference
between experimental groups (#); Absolute pre-exercise values for basophils are PG
2.6 + 0.4 cells x 10”/L; RG 1.9 + 0.9 cells x 107/L, for eosinophils are PG 1.8 + 0.3
cells x 10%/L; RG 2.0 + 0.5 cells x 10%/L and for neutrophils are PG 3.1 + 0.2 cells x

10%L; RG 2.7 + 0.4 cells x 10°/L.

Figure 6. Exercise induces an increase in both lymphocyte (A) and monocyte
(B) in an arginine supplementation-dependent way. Control, n = 23 (PG, e) or
Arginine, n = 16 (RG, A). Average + SE is different from pre-exercise (*); Absolute
pre-exercise values are shown within the graphs. Absolute pre-exercise for
lymphocytes are PG 2.2 + 0.1 cells x 10%L; RG 2.9 + 0.3 cells x 10%L (no statistical
difference, p = 0.07) and for monocytes are PG 4.2 + 0.2 cells x 10%/L; RG 5.5 + 0.5

cells x 108/L.

Figure 7. Ammonemia increase is related to lymphocytes and leukocytes blood
count. White blood cells and lymphocytes were plotted against ammonemia (A).
Average = SE is different from pre-exercise (*); difference between experimental
groups (#). Pearson correlation and P values are shown within the graph.
Normalized leukocytes increase (B). Control, n = 23 (PG, e) or Arginine, n = 16 (RG,
A). Normalized lymphocytes increase (C). Control, n = 23 (Ctl, m) or Arginine, n = 16

(RG, 0).
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CAPITULO IX
O exercicio como modelo para estudo do metabolismo de aminoacidos e aménia
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CAPITULO IX

O exercicio como modelo para estudo do metabolismo de aminoacidos e aménia

DISCUSSAO GERAL

Diversos estudos sobre metabolismo do exercicio tem sido realizados em sujeitos
aparentemente saudaveis, sem analise prévia de sua resposta fisiologica (Angus, et
al., 2002; Kato, et al. 2004; Kimber, et al. 2003). A investigagdo metabdlica inicial é
fator indispensavel para a selegcdao de sujeitos ja que disturbios metabdlicos
subclinicos podem levar a conclusdes errdneas e contraditérias. Nos estudos citados
na sessao anterior avaliamos clinicamente e metabolicamente todos os sujeitos
antes da experimentagéo. Este fato nos permitiu verificar a coeréncia e similaridade
metabdlica entre eles, além de evitar que individuos considerados em hegemonia
clinica, antropométrica e em outros parametros como idade, atividade e sexo fossem
considerados similares metabolicamente (devido a estes achados excluimos
portadores de: de hepatite C silenciosa, resisténcia insulinica, lesdo muscular
grave/overtraining e intoxixagao por APAP).

Nossa triagem inicial geralmente consta com 85 analises bioquimicas além das
antropométricas e clinicas. Este tipo de anamnese nos permite selecionar grupos
com caracteristicas antropométricas; status alimentar; treinamento; metabolismo de
carboidrato, lipidios e proteinas; capacidade de transporte de oxigénio; sinalizadores
do anabolismo e catabolismo de macronutrientes; sem infecgdes ou infestagdes; em
equilibrio hidrico preservados e com integridade hepatica e renal. Possibilitando
diagnosticos metabdlicos que excluem sujeitos com disfungbes clinicas ou
subclinicas pudessem interferir nos resultados ou dificultar sua interpretacdo. A
randomizacdo e divisao dos sujeitos nos possibilita grupos antropométricamente
homogéneos, saudaveis e estatisticamente equivalentes.

A analise hematolégica dos setores vermelho e branco dos grupos foi realizada
para detectar possiveis alteracbes metabodlicas causadas por diferengas no

transporte de gases, infecgdes e/ou infestagdes silenciosas e possibilidade de
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desvios nutricionais. Os achados hematolégicos foram normais dentro dos
parametros estudados, ndo havendo diferenca entre os grupos nos trabalhos supra-
citados. Ademais, além de termos para cada trabalho um (ou mais) grupo(s) controle
os dados dos eritrocitos funcionam como controle interno dos individuos
possibilitando que tenhamos analise mais precisa dos resultados, descartando assim
mudangas volémicas (Bassini-Cameron, et al.; 2007; Bassini-Cameron, et al. 2008;
Bessa, et al. 2007).

O uso de marcadores bioquimicos indicadores do metabolismo e de leséo
muscular podem ser de extrema importancia para a prescricao e acompanhamento
do treinamento (Tsintzas, et al., 2001; Schulz & Heck, 2003). A AST (596 kDa) pode
ser utilizada como controle interno para medirmos os valores basais de CK em
jogadores de futebol da primeira divisdo do Campeonato Brasileiro. Os dados nao
mostrados deste controle interno no artigo de Lazarim et al., 2007 estdo na sesséo
do anexo do capitulo Il. Nota-se que os valores de AST estdo dentro da faixa de
normalidade, o que nos possibilita inferir que o aumeto plamatico de CK seja
proveniente da microlesdo muscular.

As medidas clinicas utilizadas mundialmente para a dosagem de enzimas
marcadores de lesdo muscular e hepatica, foram popularizadas ha décadas atras
com o uso de kits dosadores de atividade enzimatica. Embora de uso simples este
modelo ndo mede a quantidade de enzima e sim sua atividade. Para isso,
estabelecemos uma faixa de referéncia para os valores normais em repouso destes
jogadores que varia de 132 — 1338 (95% de intervalo de confianga) com média de
493.5 £ 315 U/L. A Tabela 2 do anexo do capitulo Il nos demonstra que a populagéo
estudade € homogénea. Numa comparagédo entre alguns destes jogadores da
primeira divisdo com um outro time da terceira do Brasileirdo.vimos que os atletas
de elite tem maior capacidade de transportar gases, menor lesdo muscular e melhor
status nutricional (Monteiro et al. 2005).

Um outro controle interno de cada individuo submetido ao experimento é o valor
de DiniciaL (@namnese) em comparagao ao Dreste pre, Onde podemos avaliar a
intervencdo da dieta e/ou do treinamento (vide Bassini-Cameron, et al. 2007;
Bassini-Cameron, et al. 2008 Bessa, et al.,-submetido)

Depois de fazermos nossas analises de rotina pré-experiemto, os valores séricos

de GGT e demais marcadores de hepatotoxicidade dos nos chamaram atengao
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sendo verificado que este atleta estava fazendo uso de APAP e iniciando uma
sindrome de overtraining. Foi prescrito NAC, Met e Cys durante 15 dias e na
segunda avaliagao o individuo apresentava valores similares ao da equipe (artigo 2
desta Tese).

Para estudar os efeitos do exercicio como um estresse metabdlico causador de
hiperamoniemia, necessitamos primeiramente entender as consequencias das
intensidades dos diferentes modelos, e para tal fizemos investigagées durante o
exercicio continuo, endurance, intermitente e alta intensidade tomando como base
nossos resultados prévios descritos em Bassini-Cameron et al. 2007.

O stress induzido pelo exercicio durante o jogo de futebol foi grande mas
precisavamos de um protocolo mais potente na inducdo da hiperamoniemia
transitéria. Entdo usamos de exercicio de longa duracéo e endurance (HIU), modelo
que parecia ser mais consistente e reproduzivel.

Devido a grande dificuldade na coleta de dados durante a corrida, nés avaliamos
um pequeno numero de individuos. Isto somente foi possivel devido as analises
prévias dos parametros bioquimicos e hematoldégicos que mostraram similaridade
entre os sujeitos. Durante os 800 km de prova foram medimos marcadores
inflamatdrios, de lesdo muscular, metabolismo de nitrogénio e macronutrientes. Este
foi o primeiro estudo a mensurar respostas bioquimicas e hematolégicas durante o
HIU com todos os fatores internos e externos que motivam o atleta in situ. Diferente
das outras provas de endurance o atleta tem tempo para se recuperar parcialmente
depois de cada sesao de exercicio.

Neste estudo, a LDH (~140 kDa) teve um aumento hiperbdlico tendendo a
saturacao em 100Km. como esperado, proteina com menor peso, por exemplo CK
(~86 kDa) chegou aos 300% com n de Hill ~1.8. isto representa um comportamento
cooperativode aparecimento no sangue, provavelmente porque mais CK esta ligada
a linha M. Nossos resultados de marcadores de lesdo estdo de acordo com os de
200Km de ultramaratona (Kim, et al., 2007). Fato interessante € que pudemos
mostrar aumento de CK e LDH antes dos tradicionamente descritos na literatura
(Chen & Hsieh, 2001; Milias, et al., 2005).

Comparando os dados do nosso laboratério podemos observar que o aumento
destas enzimas vem primeiramente da lesdo muscular e depois do figado (Bassini-
Cameron, et al. 2007; Bessa, et al. 2008).
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No intuito de verificar os possiveis mecanismos protetores a hiperamoniemia
aguda, induzimos situagdes de stress metabdlico através do exercicio de moderada-
alta intensidade e utilizamos intermediarios metabdliscos como sondas. Em nosso
laboratério, Carvalho-Peixoto, et al. (2007) testaram CHO associados ou ndo a GIn e
observaram protecdo a subida da amonemia a partir dos 60min de exercicio
continuo.

O exercicio extenuante mimetiza estados de hiperamoniemia e situacdes de
caquexia que induzem ao maior catabolismo de aminoacidos com liberagado de
amodnia e espécies reativas de oxigénio (Bachini et al. 2006). A dieta cetogénica
acarreta a oxidagdo incompleta das gorduras aumentando a cetonemia. O SNC
utiliza os corpos cetdnicos, provenientes da degradacdo dos &acidos graxos,
diminuindo sua dependéncia por glicose. Dietas com baixos teores de carboidratos
aumentam a concentracao de aménia no plasma em fung¢ao dos baixos estoques de
glicogénio muscular e hepatico (Walser, 1979; Jahn, et al.1992). Utilizamos um
modelo combinado de exercicio com dieta cetogénica para com éxito para amplificar
estresse metabolico causador de elevacao acentudada da amonemia.

O status nutricional influéncia diretamente na produgcdo de amébnia e a dieta
cetogénica ndo exaceba esta concentragdo em humanos normais em repouso.
Podemos observar estes dados comparando os valores de Dy com Dygste , contudo
nao e visto na literatura trabalhos que utizem este modelo de dieta para indugao da
hiperamoniemia.

E interessante ressaltar que em nossos estudos ndo observamos diferenca
através da utilizagdo da GIn, CHO, Ala, Arg e cafeina na concentragao de lactato
plamatico nas intensidades estudadas. Estudos em co-cultura de neurdnio-glia o
lactato tem sido demonstrado como um importante substrato metabdlico ao SNC e
que a glia exporta lactato para a nutricdo dos neurdnios principalmente durante a
acidose sanguinea (Korf, 1996; Cairns, 2006)

Felipo e colaboradores (2004) mensuraram que a hiperamoniemia aguda nao
afeta a distribuicdo e a quantidade de NMDA no neurbnio ou sua ativagaocgao pelas
proteinas kinases. Recentemente foi demonstrado que linfocitos atuam como
neuroprotetores durante a excitotoxicidade induzida por Glu. Achados em nosso

laboratério mostraram que a linfocitose durante o exercicio esta relacionada a subida
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da ambnemia e descrevemos um modelo para a génese e estudo da hiperamdnemia
em humanos (Garg, et al. 2008; Kipnis, et al. 2008).

Pouco se sabe, sobre o mecanismo de acdo ou mesmo sobre o papel
tamponante da Arg na amonemia. Embora a Arg ndo seja o transportador principal
de nitrogénio, desempenha um papel importante no seu metabolismo como um
intermediario no ciclo de uréia. Campebel et al. (2006) mediu a conversdo de Arg em
a-Ketoglutarato durante o exercio e verificou que a Arg tem seu pico na corrente
sanguinea em 60min apds ingestdo. Estudos anteriores mostraram um efeito
protetor da Arg no aumento das concentragées de amédnia durante o exercicio e que
o individuos treinados tem menor produgdo que nao treinados (Denis, 1991) fato
também verificado em nosso estudo.

Liu et al. (2008) avaliou judocas treinados em lutas de 6min. com 6g/dia durante
3 dias de suplementacdo com Arg e ndo observou diferenga em relagdo ao grupo
controle para as concentragdes séricas de lactato, ambnia e NO. Vale ressaltar que
os autores nao observaram diferenga nas concentragbes séricas de Arg e citrulina
(Cit) além de referirem trabalhar com um modelo de exercicio intermitente. Em nosso
estudo, para que pudessemos manter a intensidade alta da luta foi utilizado a cada 3
min. um oponente diferente e que estava em repouso, também nao era permitido
finalizagdo. Em nosso modelo a suplementacgao é feita associada a dieta cetogénica.
Comparando a curva de aménia dos dois trabalhos observa-se que a Arg protege da
hiperamoniemia no primeiro e no décimo minuto pos luta. Liu e colaboradores
também mediram a amobnia pré e seu clearance pos luta e ndo observaram
diferenca.

A cafeina tem sido utilizado em nosso laboratério como modulador do
metabolismo. Demonstramos que seu uso aumenta a chance de microleses e que
esta correlacionada com a leucocitose (Bassini-Cameron et al. 2007). Estudos
anteriores mostraram efeitos da cafeina em enzimas do ciclo da uréia (Colombatto,
et al. 1989; Nikolic, et al., 2003; Ofluoglu, et al. 2008). Demonstramos aqui as
modificagdes causadas pela xantina no pool de AAs plasmaticos e de sua
disponibilidade durante o exercicio. Nossos achados demonstraram que a cafeina
modifica o pool de AAs plasmaticos aumentando as concentragdes de Arg, Cit e Orn.

O aumento da amonemia nos atletas suplementados permitiu postular que a agao
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inibitoria da cafeina nas enzimas do ciclo da uréia modifica a disponibilidade do pool

de AAs sanguineos (artigo 6 desta Tese).
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CONCLUSAO GERAL

O exercicio de moderada a alta intensidade sdo bons modelos de estudo para
inducéo da hiperamoniemia, mas o protocolo de luta pareceu ser mais eficaz;

A suplementagao de Glu, Ala, Arg, cafeina e a dieta cetogénica parecem proteger
o SNC por induzirem o aumento da neoglicogénese quando combinados ao
exercicio;

A regeneragao do hepatdcito foi acelerada pela suplementagédo com NAC é Met;
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