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RESUMO

A amobnia é um metabdlito téxico para o organismo, e uma hiperamonemia
induzida pelo exercicio associada a dieta com baixas propor¢cdes de
carboidratosresulta em efeitos deletérios para o Sistema Nervoso Central e
Periférico, podendo provocar danos a saude e ao desempenho. Além disso, o
estresse térmico parece contribuir para o aumento da amonemia durante o
exercicio,além de aumentar a producdo de espécies reativas de oxigénio,
influenciando a formagédo de enzimas biomarcadoras de dano muscular e o
sistema imune. Assim, recursos que possam atenuar as altas concentracfes da
amonemia devem ser utilizados para a obtencao de beneficios ao desempenho
esportivo. O objetivo do estudo foi verificar o efeito agudo da suplementacao de
aminoacidos e cetoanalogos (KAAA) sobre a amonemia, enzimas biomarcadoras
de dano muscular e contagem de células brancas em ciclistas submetidos a
exercicio fisico com baixo estresse ao calor. Essa dissertacdo € composta por
umaintroducdo ampliada e dois artigos de resultados. O primeiro artigo
“ketoanalogue and amino acid supplementation affects the enzymes biomarkers of
muscle damage response during high intensity exercise under low heat stress
environment” avaliou o efeito da suplementacdo aguda de KAAA no metabolismo
da aménia e enzimas biomarcadoras de dano muscular apos exercicio de alta
intensidade e baixo estresse ao calor. Foi demonstrado que a suplementacgéo
aguda foi capaz de reduzir as concentracbes sanguineas de amodnia e
consequentemente de enzimas biomarcadoras de dano muscular. O segundo
artigo “ketoanalogue and aminoacid supplementation affects White blood cells
counts during high intensity exercise under low heat stress environment” avaliou o
efeito da suplementacdo aguda de KAAA no conteudo total e diferencial de
células brancas apoOs exercicio de alta intensidade sob condi¢cbes de baixo
estresse térmico. Foi demonstrado que a suplementacdo atenuou alguns

parametros caracteristicos de imunossupressao em células brancas do sangue.

Palavras-chave: Hiperamonemia. Exercicio. Fadiga. Creatina Quinase. Cortisol.

Neutrofilos.
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ABSTRACT

Ammonia is a toxic metabolite, and exercise-induced hyperammonemia
associated with low carbohydratesdiet, results in deleterious effects in Central
Nervous System and Peripheral causing possible damage to health and
performance. Furthermore, the thermal stress seems to contribute to the increase
in blood ammonia during exercise,in addition to increasing the production of
reactive oxygen species, influencing the formation of enzymes biomarkers of
muscle damage and immune system. Thus, resources that can alleviate high
blood ammonia concentrations should be used to obtain benefits to athletic
performance. The aim of the study was to verify the effect acute of keto analogues
and amino acidsupplementation(KAAA) on blood ammonia, enzymes biomarkers
of muscle damage and white blood cell count in cyclists during high intensity
exercise under low heat stress environment. This study is composed of an
introduction and two original articles. The first article "keto analogue and amino
acid supplementation affects the enzymes biomarkers of muscle damage
response during high intensity exercise under low heat stress environment"
evaluated the effect of acute supplementation of KAAA in ammonia metabolism
and enzymes biomarkers of damage muscle after high-intensity exercise under
low heat stress environment. It has been demonstrated that acute
supplementation was able of reducing blood ammonia concentrations and
consequently enzymes biomarkers of muscle damage. The second article "keto
analogue and amino acid supplementation affects white blood cells counts during
high intensity exercise under low heat stress environment" evaluated the effect of
acute supplementation of KAAA in total and differential content white blood cells
after high-intensity exercise under low heat stress environment. It was
demonstrated that supplementation attenuated some characteristic parameters of

immunosuppression in white blood cells.

Keywords: Hyperammonemia. Exercise. Fatigue. Creatine kinase. Cortisol.
Neutrophil.



17

LISTA DE FIGURAS

Figura 1 Metabolismo de BCAAna mitocondria da célulamusculoesqueléti

(0 F PP 17
Figura 2 Processo de desaminagéo da AMP e producao de amoénia............... 19
Figura 3 Processo de transaminacao entre aminoacidos e cetoanélogos........ 24

1° artigo:

Figure 1 Environmental conditions and intensity of exercise throughout the cycling
SESSION ettt 50

Figure 2 Acute keto analogue and amino acid (KAAA) supplementation affects the
ammonia, urate and glucose, but not lactate metabolism.......... 51

Figure 3 Acute keto analogue and amino acid (KAAA) supplementation affects the
lactate dehydrogenase (LDH), creatinine kinase (CK) and aspartate

aminotransferase (AST) levels, but not alanine aminotransferase (ALT)

2° artigo:

Figurel Acute keto analogue and amino acid (KAAA) supplementation affects the
cortisol and glucose levels. ... 69
Figure 2 Acute keto analogue and amino acid (KAAA) supplementation affects the
[€UKOCYLES COUNL.....cciiiiiiiii e e 70
Figure3 Acute keto analogue and amino acid (KAAA) supplementation affects the
neutrophils count, but not basophils and eosinophils count........ 71
Figure4 Acute keto analogue and amino acid (KAAA) supplementation affectsthe

lymphocytes count, but not monocytes count ................ 73



18

LISTA DE TABELAS

Table 1 Environmental conditions and intensity of exercise throughout the cycling
session from groups KEX and PEX, before (Pre) and after (Post)

CYCIING SESSION. . ciine it 68



LISTA DE ABREVIATURAS

ADP — Adenosina difosfato

AMP - Adenosina Monofosfato

AMPD - AMP Deaminase

ATP — Adenosina Trifosfato

BCAA — Aminacidos de Cadeia Ramificada
BCKA - Cetoéacidos de Aminoéacidos de Cadeia Ramificada
GABA - acido gama-aminobutirico

GDH - Glutamato Desidrogenase

GS — Glutamina Sintetase

IMP — InosinaMonofosfato

KAAA — Aminoécidos e cetoanalogos

NMDA - N-Metil D-Aspartato

19


http://pt.wikipedia.org/wiki/%C3%81cido_gama-aminobut%C3%ADrico

SUMARIO

LINTRODUGAO GERAL....c.oouiiceeeieeeeteeeeeeeeeeeeee e en e, 13
N o ] o 1 > SRR 14
1.2 Producdo de amdnia durante 0 eXerciCio .......ccceeeeeeieiiiieeeeeeeiieneennnnnns 15
1.2.1 Desaminacao de BCAA ... 16
1.2.2 DesaminacGao de AMP ... 18
1.2.2.1Desaminacdo de AMP e formacgao de enzimas biomarcadoras de

AN0 MUSCUIAN.......iii it 20
L.3AMONIA € SNC..ooiiiiiiiiiii et 21
1.4 Dieta COtOGENMICA. . uuuieiiiiiiiiiee ettt e 22
1.5 ESIreSSE TEIMMICO oooooiiiiiiiiieee ettt e e e e e e e e e e e e e e aae s 23
1.6 Suplementacao de KAAA ... 24
RETEIENCIAS ....vvvvieeiiiiiie ittt e e e e e e e e e e nnenes 26
20BJETIVOS. ...ttt e e e e e e e e e e e e e e e e 30
2.1 ODJEUIVO GEIal.....ciiiiieee e e 31
2.2 Objetivos ESPECIfiCOS ..uuiiiiiiiiiii i 31
3COLETANEA DE ARTIGOS. ... .o iiieeceeeee et 32
3.11° artigo: artigo de resultados ...ceveiieiiiriiiirrirr s 33
3.2 2% artigo: artigo de resultadosS. ..o 53
ACONSIDERACOES FINAIS......cviiieeeceeeee e ee ettt 74
APENDICES. ...ttt ettt ee s 76

ANEXOS e 80

20



21

1 INTRODUCAO GERAL




22

A amobnia é um metabdlito toxico para o organismo e o aumento das suas
concentracbes plasméticas tem efeitos deletérios no Sistema Nervoso Central e
Periférico, podendo provocar danos a saude e ao desempenho(NYBO et al.,
2005; MOHR et al., 2006). Condi¢bes patologicas oudesregulacbesnos sistemas
de detoxificacdo podem aumentar as concentracbes plasmaticas de
amonia(SAVICA et al., 2005). Além disso, estudos apontam gque a amonemia
aumenta durante e ap0s a prética de varios tipos de exercicio (MOHR et al., 2006;
CARVALHO-PEIXOTO, ALVES e CAMERON, 2007; MOUADIL et al., 2012)e que
tais concentracdes estdo associadas com a fadiga, podendo desencadear
letargia, ataxia e estupor, que ocorrem durante e ap0s o exercicio em atletas
(BANISTER e CAMERON, 1990).Nessas condicdes de exercicio ou em condi¢cdes
patolégicas, uma hiperamonemia pode levar a distirbios metabdlicos e de
neurotransmissores (TAKUMA et al., 2010).

Durante o exercicio, as duas principais vias de producdo da amdnia sao
desaminacdo de adenosina monofosfato (AMP) e aminoacidos de cadeia
ramificada (BCAA), processos que sdo ativados em uma maneira dependente da
intensidade e duracdo do exercicio (WILKINSON, SMEETON e WATT, 2010;
BACHINI et al., 2009).Essa producédo pode ser exacerbada quando o exercicio é
associado a uma dieta cetogénica, podendo levar a reducdo de glicogénio
muscular e subsequente aumento da utilizacdo de aminoacidos para formacao de
adenosina trifosfato (ATP) ou para a gliconeogénese, aumentando a
concentracdo de amonia livre, possibilitando reducédo do desempenho esportivo
(CZARNOWISKI et al.,1995; GREENHAFF et al.,1991; WINNICK et al., 2005).

Nesse contexto, o exercicio pode promover mudancas no perfil bioquimico
e hematologico que s&o influenciadas pelo calor (ALLEN, LAMB e
WESTERBLAD, 2008). O estresse térmico parece contribuir para o0 aumento da
amonemia durante o exercicio (CARVALHO-PEIXOTO, ALVES e CAMERON,
2007; TAKUMA et al., 2010) além de aumentar a producao de espécies reativas
de oxigénio, influenciando a formacdo de enzimas biomarcadoras de dano
muscular e o sistema imune (MESTRE-ALFARO et al., 2012).Durante o processo
de desaminacdo de AMP ocorre um estresse oxidativo, aumentando o dano
celular, com consequente extravasamento de enzimas biomarcadorasde dano
muscular para o sangue, contribuindo, dessa forma para o quadro de fadiga e
prejuizosno desempenho (ALLEN, LAMB eWESTERBLAD, 2008). Apds exercicio
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intenso, emboratransitoriamente, sugere-se que ocorra uma supressdo do
sistema imunolégico(imunossupressdo) aumentando o risco de infeccéo,
principalmente em atletas(NIEMAN, 1997; NIEMAN,2000).

Assim, durante o exercicio fisico, mecanismos de detoxificagcdo devem ser
utiizados para a obtencdo de beneficios ao desempenho esportivo.
Recentemente, 0 uso de aminoacidos ecetoanalogos (KAAA) proporcionou uma
reducdo da hiperamonemia em atletas submetidos a dieta cetogénica durante
exercicio fisico (PRADO et al., 2011). Estudos tém demonstrado o uso de varias
substancias, no sentido de reduzir a hiperamonemia induzida pelo exercicio, seja
em ratos ou seres humanos (BASSINI et al., 2013; WU et al., 2013). Talvez, a
mais promissora seja a manipulacédo através do uso agudo de cetoanalogos, 0s
quais interferem no metabolismo da ambniae que consequentemente pode
aumentar a toleréncia ao treinamento e reduzir seus efeitos de fadiga (DE
ALMEIDA et al., 2010; Liu et al., 2012).

Diante da auséncia de evidéncias cientificas sobre a relacéo
entrehiperamonemia causada pelo exercicio fisico, dieta, concentracdo de
enzimas biomarcadoras de dano muscular, e sistema imune,o presente estudo
teve como objetivo avaliar o efeito agudo da suplementacdo de KAAA no
metabolismo da aménia,na producdo de enzimas biomarcadoras de dano
muscular e no contetdo total e diferencial de células brancas apos exercicio de
alta intensidade sob condicdes de baixo estresse térmico.Hipotetizamos que
quando o exercicio é realizado em ambiente termoneutro, a suplementacdo de
KAAA diminui a ambnia produzida pelo exercicio, e consequentemente (I) reduz o
extravasamento de enzimas e biomarcadoras de lesdo muscular para o0 sangue e
(I aumenta o fornecimento de intermediarios para o ciclo de Krebs reduzindo a

liberag&o de cortisol e seu efeito imunossupressor.

1.1Amobnia

A amonia trata-se de um composto gasoso, NH3, que, ao ser dissolvido em
agua, sofre ionizacdo, NH4". Em 4gua o NH,4" é formado a partir da NH3 na reagdo
de equilibrio NH3 + H+ (BOSOI e ROSE, 2009). Nos fluidos corporais a NH3, se

difunde faciimente pelas membranas, enquanto que o NH;" ndo, requerendo
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mecanismos de transportes mediados (COOPER e PLUM, 1987; COOPER,
2001). O funcionamento de diversas estruturas organicas como intestino,
musculo, rins e cérebro sdo responséaveis pela producdo de amoénia (OLDE et al.,
2002). A amobniaé considerada um subproduto do metabolismo de aminoacidos e
outros compostos nitrogenados e devido a sua alta toxicidade, precisa de
mecanismos  de remocao para o  funcionamento normal do
organismo(WILKINSON, SMEETON e WATT, 2010; BACHINI et al., 2009).

Em condicdes fisiolégicas normais, a maioria da amonia sistémica €
liberada pelo intestino ou trato gastrointestinal, onde compostos nitrogenados e
restos bacterianos, s&o quebrados por uma combinacdo de atividades
enzimaticas, proporcionando a formacdo de grandes quantidades de
amoOnia,posteriormente transportadas para a circulagdo portal hepatica. Esta por
sua vez, fornece aménia para o figado, na mitocondria hepética, onde pode ser
incorporada no ciclo da uréia para formacao deuréia, ou glutaminano hepatécito
periportal, via glutamina sintetase (GS). Assim, uréia e glutamina reentram na
circulacdo e através de um sistema de intercambio entre 6Orgdos, ou sao
eliminados do organismo pela urina, ou utilizados para manter o equilibrio acido-
basico e nitrogenado (WILKINSON, SMEETON e WATT, 2010; OLDE et al., 2002;
CORDOBA e MINGUEZ, 2008).

Esse compartimentalizado sistema de desintoxicacdo é eficiente para
remocdo de amodnia da circulagdo sistémica em adultos saudaveis em repouso,
ainda quando nao ha grandes alteracdes no estado nutricional. No entanto, outros
tecidos e oOrgaos, tais como o0 cérebro e 0 musculo esquelético também

contribuem para o metabolismo e regulagdo da amonia (OLDE et al., 2002).

1.2Producéao de amdnia durante o exercicio.

Durante o exercicio intenso os niveis de circulagdo de aménia sanguinea
podem ser elevados. A amodnia € altamente toxica para o0 sistema nervoso e seus
niveis elevados, podem causar efeitos prejudiciais na neurotransmissao e induzir
fadiga central e/ou periférica (NYBO et al, 2005; MOHR et al, 2006) . A
musculatura esquelética ocupa cerca de 40% da massa corporal total e possui

uma ampla capacidade de producao, captacdo e metabolismo da amdnia.Estudos
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demonstram que o exercicio promove um aumento da amonemia (GREENHAFF
et al.,1991;BROBERG e SAHLIN, 1988). Em 15 corredores de longa distancia, foi
verificado um aumento significativo da amonemia, a partir de uma hora de
exercicio, atingindo um valor de 70 % acima das condicbes de repouso
(CARVALHO-PEIXOTO, ALVES e CAMERON, 2007).

A producéo de amodnia durante o exercicio ocorre através da combinacéo
de duas fontes predominantes, desaminacdo de BCAAe de AMP, processos que
sao ativados em uma maneira dependente da intensidade e duracédo do exercicio
(WILKINSON, SMEETON e WATT, 2010; MOHR et al., 2006; LIU et al., 2012).

1.2.1Desaminacao de BCAA

Apesar de o figado ser o principal 6rgdo envolvido no catabolismo de
aminoacidos, trés aminoacidos com cadeias laterais ramificadas (leucina,
isoleucina e valina), também denominados de BCAA, sdo oxidados como
combustiveis, metabolizadosextra-hepaticamente, principalmente nos tecidos
musculares, adiposo, renal e cerebral (LEMON e NAGLE, 1981).

Nesse processo, ha maior parte na mitocondria de musculos esqueléticos,
0os BCAAs sdo guebrados em duas vias de reacdo: BCAA aminotransferase
(BCAT) e a-cetoacido de BCAA desidrogenase (BCKDH) formando intermediarios
do ciclo de Krebs e contribuindo para a sintese de ATP (HOLECEK et al., 2002).
Inicialmente o aminoacido sofre acdo da BCAT onde o grupo amino do BCAA é
transferido para o o-cetoglutarato para formar glutamato. Este glutamato pode
entdo formar glutamina via GS ou alanina através da reagdocom piruvato.Na
reducdo dos niveis de piruvato, tal como na deplecéo dos estoques de glicogénio
muscular, o glutamato reage com o co-fatorNAD+, via glutamato
desidrogenase(GDH), produzindo elevadas concentracdes de NADH e amonia.
Assim, a producao sistémica de amonia, originada do catabolismo de BCAA, esta
relacionada a disponibilidade reduzida de piruvato em consequéncia da deplecao
dos estoques de glicogénio (WAGENMAKERS, COAKLEY e EDWARDS, 1990;
WAGENMAKERS, 1998).A utilizagdo de uma dieta com baixo consumo de

carboidratos (dieta cetogénica) associada com o exercicio fisico pode reduzir os
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estoques de glicogénio antes do exercicio e exacerbar a producdo de
amonia(LANGFORT et al., 2004) (Figura 1A).

A segunda reacdo € uma etapa limitante da taxa de catabolismo do BCAA
que é controlada pelo complexo enzimatico BCKDH, para formacéo de radicais
Co-A, como succinilCo-A e acetilCo-A, para serem utilizados no ciclo de Krebs
para producdo de energia oxidativa. A medida que o exercicio se prolonga, ha um
maior catabolismo de BCAA pelo muasculo, via BCAT, desencadeando um
aumento dos niveis decetoanalogos de BCAA(BCKA) muscular.Niveis elevados
de BCKA favorecem a inibicho da BCKDH quinase (significa que ha menor
conversdo para a sua forma fosforilada e inativa). Tal acdo contribuira para
aumento da ativacdo do complexo enziméatico BCKDH, que por sua vez, leva a
um aumento no fluxo da via BCAT, aumentando assim, a disponibilidade de
substrato para a producdo elevada de amonia via GDH (WAGENMAKERS,
COAKLEY e EDWARDS et al., 1990; WILKINSON, SMEETON e WATT, 2010)
(Figura 1B).

A B

Complexo

BCKDH ol

BCAA BCKA Succinil Co-A
_— - —_— "
R:CoA Acetil Co-A
ATCR
GS
a-cetoglutarato Glutamato 7—Tv Glutamina
v
ATP + NH,;* ADP + Pi CICLO DO AC'DO
CiTRICO

’ \
’ \
// Alanina Piruvato \‘
< \
NAD+ + NH,+ NH, NAD+ + H,O

Figura 1. Metabolismo de BCAA dentro da mitocondria da célula musculoesquelética. Os BCAAs durante o
exercicio submaximo e prolongado podem ser utilizados como substratos energéticos adicionais, que tem
como produto intermediarios do ciclo do acido citrico para o metabolismo energético celular. Mas, também

fornece substratos para a producao de amdnia em sua forma livre dentro do musculo.
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Estudos demonstram que durante exercicio submaximo e prolongado (75
% - 85% FCpnax) parece que uma desaminacdo de aminoacidos pode contribuir
para o aumento da amonemia (GREENHAFF et al.,1991; WINNICK et al., 2005).
E que esse processo é exacerbado com uma reducédo do glicogénio muscular
durante o exercicio (BISSCHOP et al., 2003). Langfortet al. (2004), relataram que
durante exercicio intenso de carga progressiva, associado ao uso de uma dieta
com baixas proporcdes de carboidrato, as concentracdes de amonia se elevaram
gradualmente a cada carga imposta e esse efeito pode ter ocorrido pelo aumento
do catabolismo de aminoacidos. Assim, durante o exercicio, a reducdo da
disponibilidade de carboidratos aumenta a oxidacdo de aminoacidos no masculo a
fim de manter a producdo de energia para a contracdo muscular por um maior
periodo de tempo, principalmente em atletas (SAHLIN; TONKONOGI,;
SODERLUND, 1998).

1.2.2Desaminacédo de AMP

Estudos apontam que ha uma forte correlacdo entre formacdo de amdnia
no masculo, exercicio anaerdbio, ou seja, exercicio de alta intensidade e curta
duracdo, e desaminacdo de AMP. (WILKINSON, SMEETON e WATT, 2010).
Durante esse tipo de exercicio, a razdo ATP:ADP diminui no masculo, entdo uma
reacdo é adicionada, ATP a partir de adenosina difosfato (ADP), a fim de
aumentar as concentracdes energéticas e manter as contragdes musculares sob
condicbes estressantes. Esse acumulo de ADP estimula a enzima AMP
deaminase (AMPD), que por sua vez, através do processo de hidrélise, deamina a
AMP, levando ao aumento das concentracbes intracelulares de
inosinamonofosfato (IMP) e aménia (SAHLIN, TONKONOGI e SODERLUND,
1998). Essa reacgdo faz parte do processo do ciclo das purinas nucleotideas que
envolve mais trés reacgOes interligadas e controladas pelas enzimas AMPD,
adenilsuccinatosintetasee adenilsuccinatoliase(LOWENSTEIN, 1990).

Por outro lado, a AMP também pode ser desfosforilada a adenosina
através da enzima 5  nucleotidase, que é deaminada a inosina pela acdo da
adenosina deaminase, assim como a IMP, que também pode formarinosina.

Devido a incapacidade de o musculo reverter a sintese de inosina, esta é
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transformada em hipoxantina, xantina e deixa o muasculo para ser metabolizada
nos hepatocitos formando urato (HELLSTEN et al.,, 1999). Em condicGes
fisiolégicas normais o ciclo das purinas nucleotideastambém possui funcédo de
reabastecimento dos intermediarios do ciclo de Krebs,como o fumarato, capazes
de produzir energia celular e sintetizar ATP (SAHLIN, TONKONOGI e
SODERLUND, 1998) (Figura 2).
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Figura 2. Processo de desaminacéo da AMP e producédo de amdnia. Quando ha hidrélise de ATP
0 ADP produzido sofre uma acdo de uma miokinase, sintetizando ATP e produzindo AMP. Depois,
0 AMP sofre o processo de desaminagdo produzindo amdnia e IMP que consequentemente é
metabolizado em &acido urico (urato).

Ainda, a desaminacdo de AMP depende da taxa de AMPD, a qual varia de
acordo com a capacidade oxidativa do musculo. O controle da desaminacdo de
AMP no musculo é complexo, além de ser uma consequéncia da tentativa de
manter a contracdo muscular durante o exercicio intenso(MEYER, DUDLEY e
TERJUNG, 1980).

Para garantir que as fontes de energia sejam adequadas para a contragao

muscular, altos niveis de AMP devem ser desaminados e grandes quantidades de
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amoniaserao produzidas (WILKINSON, SMEETON e WATT, 2010). Langfortet al
(2004), sugerem que a formacdo de amdnia durante o exercicio submaximo pode
ser resultado do aumento do ciclo das purinas nucleotideas, pois ocorre o
recrutamento progressivo de fibras musculares com baixa capacidade oxidativa
que possuem maior atividade de AMPD. O exercicio sera interrompido devido a
fadiga, o que coincide com os altos niveis de amdéniareduzidos durante o exercicio
(GREENHAFF et al.,1991).

1.2.2.1Desaminacgao da AMP e formagé&o de enzimas biomarcadoras de

dano muscular

O Exercicio intenso pode causar danos no tecido muscular em
consequéncia de fatores metabdlicos e mecanicos, que sdo caracterizados por
dor, tensdo muscular, mobilidade limitada, prejuizo no desempenho e presenca
de enzimas no sangue (MARTINEZ-AMAT et al.,2010). Durante a desaminacao
da AMP, o catabolismo de ATP em hipoxantina € aumentado, em virtude da
enzima xantina oxidase, e futuramente convertido em urato. Nesse processo,
espécies reativas de oxigénio, incluindo anion superodxido e radicais hidroxilas sao
produzidos e causam dano a célula muscular, com conseqiente extravasamento
de enzimas biomarcadoras de dano muscular e hepético no sangue (CHEVION et
al., 2003). A magnitude desse aumento € dependente da intensidade e duracdo
do esfor¢co (BRANCACCIO et al., 2010).

O tipo de contragcdes musculares produzidas no exercicio também
influencia a severidade e extensdo do dano. Repetidas contracfes excéntricas
(contracdo enquanto o musculo alonga) podem causar dor difusa persistente.
Exercicios dindmicos também incluem a fase excéntrica do movimento e sdo um
fator de risco para dano muscular (MARTINEZ-AMAT et al., 2010).

O monitoramento de enzimas como a creatina quinase, lactato
desidrogenase, aspartatoaminotransferase e alanina aminotransferase, constitui
um método de avaliacdo bioquimica que pode ser usado para conhecer o estado
de treinamento de atletas (BRANCACCIO et al., 2008).
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1.3Amobnia e SNC

A amoniaem niveis elevados pode levar a distdrbios no funcionamento do
SNC, como letargia, ataxia (perda de coordenacdo motora), estupor, dificuldade
de reacdes motoras, causando coma, ou até morte (NYBO et al, 2005; MOHR et
al, 2006). O ciclo da uréia, presente apenas no figado, funciona como um
mecanismo de desintoxicacdo da amoénia transformando-a em uréia. Disturbios
nesses mecanismosresultam em amonemia elevada, proporcionando a exposi¢cao
de drgaos vitais a toxicidade desse metabdlito, e podem ser vistos em individuos
acometidos com encefalopatia hepatica, que pela incapacidade de desintoxicacao
da amoénia, apresentam os mesmos sintomas de desordens neurotransmissoras e
neuromusculares que podem prejudicar a coordenagdo motora e alteracdes nos
padrdes de sono e cogni¢do (PERAZZO et al., 2012).

O exercicio fisico também pode promover uma elevacao da amonemia,
aumentando a toxicidade cerebral e muscular, induzindo fadiga central e periférica
(BANISTER e CAMERON, 1990; WILKINSON, SMEETON E WATT, 2010). Como
o tecido neuronal ndo tem ciclo da uréia, as altas concentracdes sanguineas de
amonia ultrapassam facilmente a barreira hematoencefélica, seja por difusdo
facilitada, por canais de K+ ou transportadores (Rhesus nao eritréideglicoproteina
B e Rhesus nao eritroideglicoproteinaC), esse processo ocorre primeiramente nos
astrocitos e depende da formacdo de glutamina a partir do glutamato como
processo de remocéo (FELIPO e BUTTERWORTH, 2002).

A amodniatem um papel importante na neurotransmisséo, pois através de
sua incorporacdo a glutamina pela GS,ela se constitui como o0 Unico precursor
para a biossintese de aminoacidos neurotransmissores excitatorios e inibitérios,

glutamato eacido gama-aminobutirico (GABA) respectivamente(WILKINSON,

SMEETON e WATT, 2010). Um maior desequilibrio desses neurotransmissores
pode ser visto quando ha hiperamonemiaatravés da formacédo glutamina presente
nos astrécitos (WILKINSON, SMEETON e WATT, 2010). Altas concentracdes de
amoOnia aumentam a producdo e liberacdo de glutamato na fenda
sinaptica,causando uma hiper estimulacdo de neurdnios receptores N-Metil D-
Aspartato(NMDA), e a formagdo de GMPc que induz a producdo de espécies

reativas de oxigénio e prejuizos na manipulacdo das concentra¢des de glutamato
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extracelular pelos transportadores e excitotoxicidade de glutamato (KOSENKO et
al., 1999).

Em adicdo, uma pequena propor¢cdo de amodnia pode ser envolvida na
manutencdo do metabolismo energético neuronal, onde a amdnia pode ser
utilizada com o piruvato, proveniente de metabolismo da glicose no astrécito, para
formar alanina através da rea¢do da alanina aminotransferase. A alanina, assim
como a glutamina, € uma forma n&o toxica de transportar amonia, podendo sair
do astrécito para o neurbnio, e entéo liberar o piruvato para metabolismo oxidativo
neuronal e a amoénia retorna para o0 astrocito e pode ser utilizada novamente
(WILKINSON, SMEETON e WATT, 2010).

1.4Dieta cetogénica

Consiste em uma dieta com baixas concentracdes de carboidratos e altas
em gorduras, que proporciona aumento da presenca de cetonas na urina, por iSso
€ denominada dieta cetogénica (BISSCHOP et al., 2003; WESTMAN et al, 2007).
Apesar de a literatura ndo ter consenso claro quanto a quantidade de carboidratos
por dia, estudos apontam que essas concentracdes devem estar abaixo de 20g
por dia (FREEDMAN, KING e KENNEDY, 2001; SHARMAN et al., 2002).

Os carboidratos sdo os principais substratos para sintese de ATP nos
musculos ativos, com a proteina em menor utilizacdo, exceto em casos extremos
tais como a reducdo dos estoques de glicogénio. A utilizacdo desses substratos
energéticos durante um exercicio fisico é geralmente determinada pelo tipo e
intensidade de exercicio, estado de aptidao fisica e estado nutricional (COYLE,
2000). A adocéo de uma dieta cetogénica, em de forma aguda ou cronica, reduz
significativamente os estoques hepaticos e musculares de glicogénio, podendo
induzir uma elevacdo da amonemia mais rapidamente (CARVALHO-PEIXOTO,
ALVES e CAMERON, 2007). Tal modificacdo metabdlica gera incrementos nas
concentragbes de IMP e de intermediarios do ciclo de Krebs (BROBERG e
SAHLIN, 1988). Trés dias de dieta cetogénica contendo 50% de gordura, 5% de
carboidratos e 45% de proteina, em oito homens destreinados, submetidos a um
teste até a exaustdo em cicloergbmetro, acelerou a producdo de amobnia
(LANGFORT et al., 2004).
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1.5Estresse térmico

O aquecimento global, resultado do aumento da frequéncia e intensidade
das ondas de calor em todo o mundo, parece ter aumentado a magnitude das
mortes relacionadas ao calor na populacdo humana, atingindo niveis alarmantes.
A hipertermia severa induz a disfuncdo no SNC, assim como delirio, convulséo,
coma e até morte. O equilibrio entre neurotransmissores inibitérios e excitatérios é
necessario para funcéo cerebral. No entanto, durante a hipertermia, o aumento na
excitotoxicidade e diminuicdo nos neurotransmissores inibitorios estdo associados
a patologias cerebrais e prejuizos cognitivos (SHARMA, 2007). Tais sintomas
assemelham-se aos relatados em situagdes de hiperamonemia(NYBO, 2010).

A condicdo ambiental parece afetar as concentracbes de amonia durante o
exercicio (NYBO, 2010). MOHR et al. (2006) encontraram um aumento
exacerbado da amonemia em individuos submetidos a exercicio prolongado no
calor (40 ° C) comparado a mesma situacéo a 20 ° C. Vale salientar que estudos
indicam que em uma situacao de hipertermia, disfuncdes do SNC parecem induzir
o mesmo desequilibrio de neurotransmissores, associados a prejuizos cognitivos
observados durante um estado de hiperamonemia (NYBO, 2010; SHARMA,
2007).

Porém, ndo sO as alteracBes metabdlicas estdo associadas ao exercicio em
ambiente quente. Além da hiperamonemia, 0 estresse ambiental pode também
afetar a producdo de enzimas biomarcadoras (BRANCACCIO et al., 2008).
Estudos apontam o aumento desses marcadores quando individuos sé&o
exercitados no calor (FEBBRAIO, 2001; LINNANE et al., 2004; CAPACCHIONE e
MULDOON, 2009).

Sabe-se que muitos componentes hematolégicos, especialmente o conteddo
de células brancas, como contagem de leucdcitos, neutréfilos e linfécitos,
parecem ser afetados pelo exercicio (WALSH e WHITHAM, 2006), embora
transitoriamente, sugere-se que haja uma imunossupressdo compromentendo
mecanismos protetores e aumentando o risco de infecgdo, principalmente em
atletas, e prejudicando o desempenho (NIEMAN, 1997; NIEMAN, 2000;
MACKINNON, 2000). A restricdo de carboidratos, como ocorre em dietas
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cetogénicas, assim como ambientes quentes, favorecem esse quadro de
prejuizos no sistema imune (NIEMAN, 2007) estimulando uma resposta ao
estresse que envolve a contagem de leucécitos e aumento de cortisol (MESTRE-
ALFARO et al., 2012).

1.6Suplementacao de KAAA

Por anos tém sido relatado que o uso de cetoanalogosé capaz de reduzir a
nefrotoxicidade atrasando a necessidade para dialises em pacientes com
nefropatias (SAVICA et al., 2005). O aumento dos niveis de amdnia no sangue
em resposta ao exercicio pode ser manipulado através do uso de aminoéacidos e
cetoanalogos que interferem no metabolismo da aménia (CARVALHO-PEIXOTO,
ALVES e CAMERON, 2007). Durante a producdo de energia através de
aminoacidos como substrato, ocorrem desaminacfes ou trasaminacdes para
formar cetoanalogos e liberar o grupo amino para ser metabolizado (FURST,
1989). Essas reacdes sao reversiveis e 0 uso de cetoanalogos pode reduzir as
concentracbes de amodniano sangue resultando na producdo de aminoacidos
(WALSER, 1975) (figura 3).
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Figura 3. Processo de transaminagdo entre aminoacidos e cetoanalogos. Um L-aminoacido pode doar o
grupo amino para um cetoandlogo ou cetoacido presente, originando um novo L-aminoacido e um
cetoanalogo. Esse processo € reversivel. O L-aminoacido produzido pode doar o grupo amino para o

cetoanalogo e produzir novamente o L-aminoacido e cetoanalogo anterior.
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A literatura dispbe de poucos artigos envolvendo exerciciofisico e uso de
KAAA. No entanto, trés estudos publicados recentemente relatam que a utilizagao
de cetoanalogos em humanos e animais tem efeitos metabdlicos positivos (Prado,
et al., de Almeida et al., 2010; Liu et al., 2012). De Almeida et al. (2010), em um
estudo com ratos adultos submetidos ao exercicio de resisténcia e suplementacéo
aguda de KAAA, relatou que a suplementacdo aguda de KAAA foi capaz de
reduzir a hiperamonemia causada pelo exercicio resistido. Além disso, a
suplementacao foi capaz de aumentar em 10% os niveis de glicose comparados
com o0 grupo controle, através da gliconeogénese originada por reacdes
anapleréticas no ciclo de Krebs.

Em um estudo feito por Prado et al. (2011) ciclistas foram submetidos a
duas horas de exercicio prolongado e dieta cetogénica para induzir a elevacao
dos niveis de ambnia. A amonemia induzida pelo exercicio aumentou em 35% no
grupo controle, mas a suplementacdo com aminoacidos e cetoanalogos foi capaz
de reduzir as altas concentra¢cdes de amonia produzidas durante o exercicio. Liu
et al. (2012), submeteram 33 adultos saudaveis e nédo treinados a quatro semanas
de treinamento e suplementacéo de cetoanalogos para investigar os efeitos dessa
suplementacdo na tolerancia ao treinamento. Neste estudo, a suplementacéo
aumentou poténcia maxima e torque muscular. No entanto os resultados obtidos
podem ter sido influenciados pelo efeito do treinamento.

De acordo com os estudos supracitados, a suplementacdo de KAAA pode
reduzir esse acumulo de amoniano sangue possibilitando proteger a homeostase
neurotransmissora e o desempenho fisico e cognitivo de atletas. Dessa forma, a
utilizacao de cetoanalogos e aminoacidos, através, de vias anapleréticas, como o
fornecimento de intermediarios do ciclo de krebs e fornecimento de substratos
energéticos para o exercicio, devem ser consideradas como recurso de protecao
para atletas submetidos ao exercicio extenuante. No entanto, estudos associando
diretamente a suplementacdo de cetoanalogos a producdo de marcadores
bioguimicos de dano muscular e hematolégicos, podem fornecer informacdes

importantes para garantir a saude e melhorar o desempenho de atletas.
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2 OBJETIVOS
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2.1. OBJETIVO GERAL

Verificar o efeito agudo da suplementacdo de aminoacidos e cetoanalogos
sobre a amonemia, enzimas biomarcadoras de dano muscular e contagem de
células brancas em ciclistas submetidos a exercicio fisico com baixo estresse ao

calor

2.2. OBJETIVOS ESPECIFICOS

Comparar as alteracdes de variaveis bioquimicas (amonia, urato, glicose e
lactato) em atletas apOs exercicio de alta intensidade sob condi¢cdes de baixo

estresse térmico;

Verificar o aparecimento de microlesdes musculares induzidas pelo
aumento das concentracfes de ambnia e uso de cetoacidos, por meio da
quantificacdo das variaveis bioquimicas (creatina Kinase, lactato desidrogenase,

aspartatoaminotransferase e alanina aminotransferase);

Verificar o efeito da suplementacdo aguda de KAAA no conteudo total e
diferencial de células brancas apés exercicio de alta intensidade sob condi¢cfes

de baixo estresse térmico.
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ABSTRACT

Background: Strenuous exercise promotes metabolic changes and can contribute
to the onset of fatigue and impaired performance. Hyperammonaemia in response
to exercise can be reduced through supplementation with either amino acids or
combined keto analogues and amino acids (KAAA). In the present study, we
evaluated KAAA supplementation on ammonia production and enzymes
biomarkers muscle damage during strenuous exercise under low heat stress
environment. Methods: Sixteen cyclists were divided in two identical groups: KAAA
(KA) or placebo (PL) supplements. Results: Athletes did a ketogenic diet for 2 d
and performed 2 h of cycling session and a maximum incremental test (MIT),
blood samples were obtained during the exercise. All groups had similar
environmental conditions and intensity of exercise. PL group showed significant
increase on ammonia concentration at exhaustion (Exh) compared with all
moments; KA group was not increased. Non-supplemented group showed a
significant increase in urate compared to KA group in Exh moment. KA group
showed a significant increase in glucose at Exh from 0 min and 120 min. No
difference between groups was also demonstrated in blood lactate levels. The PL
group had increased blood levels of as creatine kinase, lactate dehydrogenase
and aspartate aminotransferase. Only LDH showed significant differences after
120 minutes between groups. ALT levels on both group no showed significant
increased at any time within the groups. Conclusion: We suggested that KAAA
supplementation decreased ammonia concentration and enzymes biomarkers
muscle damage after high intensity exercise, under low heat stress environment.

Key words: hyperammonemia. Urea.Creatine kinase.Exercise.
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Background

Exercise promotes changes in the biochemical profile and can increase the
chances of muscle damage, contribute to the onset of fatigue and impaired
performance™™.. In fact, biochemical analysis provide metabolic informations and
may be useful to better assess and quantify muscle stress following exercise!*®!,

During a low-energetic state, such as high intensity exercise, the adenosine
triphosphate (ATP): adenosine diphosphate (ADP) ratio decreases in muscle, and
myokinase is activated to synthesise ATP. This process leads to an increase in
both adenosine monophosphate (AMP) deamination and urate synthesis rate with
simultaneous ammonia production®®”. It has been suggested that increased
ammonemia during exercise cause both central and peripheral fatigue®.
Furthermore, ammonemia concentration during exercise depends on carbohydrate
availability®®. Consumption of low-carbohydrate diet (ketogenic diet) combined with
exercise has been shown to reduce the glycogen stores and induce
hyperammonemia'®*?.

During AMP deamination exacerbated, an increase of oxidative stress can
occur, with consequent associated muscle damage and leakage of enzymes
biomarkers for blood, such as creatine kinase (CK), lactate dehydrogenase (LDH),
aspartate aminotransferase (AST) and alanine aminotransferase (ALT)*23,

It is also acknowledged that hyperammonemia and enzymes biomarkers of
muscle damage may be affected by hot environmental conditiont*****¢!. Previous
studies has been demonstrated that using amino acids and ketoanalogues (KAAA)
can reduces blood ammonia and urate concentration and suggest that acute
KAAA during exercise is not primarily due to ammonia removal via the synthesis of
urea but rather to the carbon bodies used to produce ATP™"*8. Such conditions
could reduce oxidative stress and consequent muscle damage and leakage of
enzymes biomarkers for blood.

However, to our knowledge, there is no information available concerning the
influence of effect of short-term KAAA supplementation on the ammonia
metabolism and enzymes biomarkers of muscle damage after high intensity
exercise under low heat stress conditions in acclimatized athletes. This information
may be helpful in better understanding the effect of KAAA on ammonia

metabolism and athletic performance.
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We hypothesized that when exercising in low heat stress conditions, KAAA
supplementation reduces ammonia and leakage of enzymes biomarkers of muscle
damage for blood. In the present study, we evaluated the acute effect of KAAA on
ammonia production and enzymes biomarkers of muscle damage in cyclists

undergoing strenuous exercise under low heat stress environment.
Material and methods

Sixteen male endurance-trained cyclists, were divided into two groups of
eight athletes each: experimental group — KA, n = 8 (32.5 + 2.3 years; 68.03 *
2.54 kg; and 1.71 £ 0.28 m); and placebo group — PL, n = 8 (32.7 = 2.1 years;
67.20 + 3.22 kg; 1.71 = 0.27 m) with similar levels of the maximal oxygen
consumption (VO,max) (KA group 58.89+ 2.38 ml.kg™.min™ and PL group 59.51 +
2.23 ml.kg™.min™) and acclimatized to training in the heat, participated in the study
voluntarily. All subjects had a mean of at least three years of training often
participating in competitions. They did not have any kind of disease or use of
ergogenic resources that could interfere in the search results. All participants were
informed early of the study procedures and written informed consent was
obtained. This study was performed according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human subjects were
approved by the Ethics Committee for Human Research at the Federal University
of Alagoas, number: 017640/2011-61.

One week before the start of the experiment, the athletes went to the
laboratory and anthropometric variables were recorded as the weight and height.
Moreover, was performed familiarization with the cycle ergometer and the
determination of the VO,max through an maximum incremental test (MIT). The
MIT consisted of a three minute warm up with initial power output of 25 W with free
cadence. Immediately after the warm up, the power output was set to 50 W,
cadence increased to 80 rpm and every last minute of test was made increments
of 25 W.min™. Exhaustion was defined when the subject reported exhaustion and
inability to keep pace established for more than five consecutive seconds. VO,max
was determined by automatic gas analyzer (Cosmed Quark CPET's, Rome, lItaly)
and VO, increased greater than 2.1 mL * kg-1 « min™ by increasing the intensity

was used to represent the VO,max!*®. Still one week before the start of the
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experimente, athletes received an individualisedketogenic diet: 35% of the
recommended energy intake from protein; 55% from lipids; and 10% from
carbohydrates'?”. Subjects were asked to maintain their normal training schedule (
~ 60 km.d™) up to 48 h before the day of the experiment and to follow the fluid
intake (~ 3 L.d™*, without the use of beverages caffeinated) and ketogenic diet for 2
d before the experiment and during the day of the experimente (normal training
and a ketogenic diet were used to reduce muscle glycogen stores and to induce a
higher increase in ammonemia).

On the day of the experimental period, the subjects reported to the
laboratory in a fasting state and received breakfast ketogenic with ~ 200 mL of
water. After 1 h of breakfast, the KA group received five tablets of a KAAA mixture
(Ketosteril®; Fresenius, Bad Homburg, Germany), and PL group five 200 mg
tablets of lactose, which served as a placebo (Farmaderm®, Macei, Alagoas,
Brazil) in a randomised double-blind manner. The composition of the KAAA
mixture/tablet was as follows: a-keto analogues of isoleucine (335 mg), leucine
(505 mg), phenylalanine (430 mg) and valine (340 mg); a-hydroxy analogue of
methionine (295 mg); L-lysine acetate (75 mg L-lysine); L-threonine (265 mg);
Ltryptophan (115 mg); L-histidine (190 mg); L-tyrosine (150 mg). Both
supplements were provided in indistinguishable capsules with ~ 300 mL of water
that promoted the homogeneity of the hydration status of athletes.

After 1 h of supplementation, the athletes performed stretching followed by
a warm up 10 min at 50 % maximum heart rate. Athletes started 2 h of cycling
session at 80 rpm, following an power output between 75% to 85% of the
estimated maximum heart rate. Heart rate was recorded throughout the exercise
protocol using a heat rate monitor (Polar® FT1, Kempele, Finland). Immediately
after cycling session for 2 h, athletes were again submitted to a MIT to induce
exhaustion (Exh) in both groups and to evaluate ammonia and enzymes
biomarkers muscle damage.

A catheter was placed into the median cubital vein. At 1 h after the
supplementation, blood samples were obtained at rest (0 min) and at 60 min
intervals throughout the exercise period (60 and 120 min). Finally, blood samples
were collected after MIT (at Exh). Athletes did not received fluids during the
trial.Blood samples were analysed in duplicate after collection. To avoid the loss of

volatile compounds, blood samples were immediately centrifuged, and the serum
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was separated and stored at 4° C for subsequent biochemical analysis in a 24 h
period (ammonia was measured immediately after centrifugation to prevent their
volatility). Biochemical determination of glucose, lactate, urate, CK, LDH, AST and
ALT concentrations was performed in serum using commercially available
spectrophotometric assays (Labtest, Minas Gerais, Brazil). Ammonia
concentrations were measured using an enzymatic UV method (Randox, Crumlin
UK) on a Dade Model Dimension RXL Automated Chemistry Analyzer (Dade
Behring, Eschborn, Germany). Urine samples also were used to ketonuria analysis
by reagent strips for urinalysis (Biocolor/Bioeasy®, Belo Horizonte, MinasGerais)
and to determine ketosis status.

Throughout the experiment, were also measures ambient temperature (in
degrees centigrade, ° C) and relative humidity (in percentage %) by thermometer
(Instrutemp®, Séo Paulo, Sdo Paulo, Brazil) as environmental conditions. During
at all times of collection was also recorded perceived exertion scale (scale values
range from 6 to 20) of the athletes!?!. Heart hate and perceived exertion scale
were used as intensity of exercise markers.

Data are shown as mean + standard erro. After testing for normality
(Kolmogorov—Smirnov) and equality test variance (Levene median), the changes
in the variables environmental conditions, intensity of exercise and biochemistry,
between time points were analysed by a one-way ANOVA (treatments), and the
group changes were evaluated by a two way ANOVA (treatments x time) for
repeated measures. Significances (P < 0.05) were confirmed using the Tukey test
as a post hoc analysis. The area under the curve (AUC) for blood ammonia data

for each individual in each treatment was determined using the following equation:
AUC = Ai(Ti+1-Ti)+05AI+1-A)(Ti+1-Ti

Assuming that the ammonia level at baseline corresponds to the resting
ammonia level and where AUC is the area under the curve, A is ammonia (umol/L)
and T is time (min). When the sample showed a non-normal distribution,

nonparametric tests correspondents, were used.
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Results

We used a 120 min cycling session followed by a MIT to drive the athletes
to exhaustion and to evaluate the acute effect of KAAA supplementation on
ammonia production and enzymes biomarkers muscle damage. Both groups were
under positive ketosis status before cycling session.

The thermal stress by ambient temperature and relative humidity indicated
a low heat stress conditions, in both group, throughout cycling session. Ambient
temperature at Exh values were: KA 23.6 £ 0.2 °C and PL 23.7 + 0.3 °C; Relative
humidity at Exh values were: KA 56.2 + 1.3 % and PL 55.9 = 1.2 %. There was no
significant difference between groups. However, ambient temperature and relative
humidity increased above baseline levels in response to exercise in the KA and PL
groups from 60 min, 120 min, until the end of the experiment (P < 0.05) (Figures
1A e 1B). The data obtained from the heart rate (figure 1C) and perceived exertion
scale (Figure 1D) also showed no significant difference between groups. On the
other hand, heart rate and perceived exertion scale significantly increased from 60

min within the groups, mainly at exhaustion (P < 0.05).

Figure 1.Environmental conditions and intensity of exercise throughout the cycling

session.

The effect of KAAA on blood ammonia and urate levels were also
measured. The data of blood ammonia concentrations showed no significant
difference between groups (P > 0,05) (Figure 2A). On the other hand, there was
significant increase at Exh on PL group compared with resting values, 60 min and
120 min within the group (P < 0.05). In contrast, ammonia concentration was not
increased in the KA group at any time within the group (P > 0.05). The area under
the curve of ammonia of the KA group was ~ 20 % lower than the PL group.

The uratelevels produced by AMP deamination was measured. The urate
levels also showed similar significant increase at Exh on PL group compared with
resting values, 60 min and 120 min within the group (P < 0.05), while KA group
was not increased at any time within the group (P > 0.05). Moreover, blood
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urateconcentrations showed significant difference between groups at Exh (P >
0,05) (Figure 2B).

To understand the role of KAAA in gluconeogenesis, we measured the
blood glucose level. No significant difference in blood glucose levels was found
during the trial time between the groups. However, KA group showed a significant
increase at Exh from O min and 120 min (P < 0.05) (Figure 2C). In addition, we
evaluated the blood lactate levels, an indicator of consistent glucose metabolism
during exercise. No difference between groups (P > 0,05) was also demonstrated
in blood lactate levels. But, there was an significant increase at Exh moment (P <
0,05) in both groups, compared with all exercise moments (2D).

Figure 2.Acute keto analogue and amino acid (KAAA) supplementation affects the

ammonia, urate and glucose, but not lactate metabolism.

The effect of KAAA on enzymes biomarkers muscle damage was
measured. The data of blood CK concentrations showed no significant difference
between groups (P > 0,05) (Figure 3A). However, there was significant increase at
Exh and 120 min on PL group compared with resting values, within the group (P <
0.05). In contrast, CK concentration was not increased in the KA group at any time
within the group (P > 0.05). The LDH levels also showed significant increase at
Exh on PL group compared with resting values, 60 min and 120 min within the
group (P < 0.05), Furthermore, blood LDH concentrations showed significant
difference between groups at 120 min (P > 0,05) (figure 3B). On the other hand,
KA group was not increased at any time within the group (P > 0.05).

No significant difference in blood AST and ALT levels was found during the
trial time between the groups. However, AST levels on PL group showed a
significant increase at Exh from 0 min within the group (P < 0.05) (Figure 3C). But,
ALT levels on both group no showed significant increased at any time within the
groups (P > 0.05).

Figure 3.Acute keto analogue and amino acid (KAAA) supplementation affects the
lactate dehydrogenase (LDH), creatinine kinase (CK) and aspartate

aminotransferase (AST) levels, but not alanine aminotransferase (ALT) levels.
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Discussion

The aim of this study was to evaluate the acute effect of KAAA on ammonia
production and enzymes biomarkers of muscle damage during strenuous exercise
under low heat stress environment. It is known that monitoring these changes in
sports is important because can reveal the state of the muscle and its biochemical
adaptation to physical load during training and/or competition and aid athletic
performance™*. The acute use of a mixture of KAAA supplementation decreased
the increase in ammonemia and enzymes biomarkers muscle damage levels
caused by high intensity exercise.

The KAAA supplementation is frquently used in patients with liver damage,
like the hepatic encephalopathy (HE), which due to a failure of the detoxification
systems, blood ammonia levels start to increase leading to different cerebral and

neurological disorders???%!

. Recent studies involving physical exercise, reported
that acute supplementation KAAA has been proposed as a glycolytic substrate,
promoting anaplerosis by different Krebs Cycle intermediates and lowering
increased blood ammonia and metabolites associated!*"*?!,

Among the changes imposed on the metabolism by exercise, stands out the
increase in blood ammonia production (hyperammonemia). Ammonia is highly
toxic to the nervous system and its high levels can cause adverse effects on
neurotransmission and induce central and / or peripheral fatigue 1?42,

The ammonia production in muscle may be due to the deamination of both
AMP and amino acids, which are activated in an intensity and duration dependent
manner®®. During high-intensity exercise, the active skeletal muscle becomes a
major source of ammonia by deamination of AMP to inosine monophosphate
(IMP),

Furthermore, high intensity exercise combined a low-carbohydrate diet,
increases the production of ammonia. It is known that a decreased availability of
carbohydrates in the muscle affect energy metabolism and to leads to an increase
in deamination of AMP resulting in enhancement of muscle ammonia production'®.
In this study, prolonged exercise and ketogenic diet were used before the high-
intensity exercise to lead the athletes to exhaustion, to decrease the availability of

glycogen in the liver and muscle and to increase the amounts of ammonia blood.
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The athletes increased their blood ammonia concentrations after the Exh
only in the unsupplemented group. Several studies show increased blood
ammonia in high intensity exercise®® 3%. Ten healthy young adults has increased
ammonia after perform five sets of the same maximal cycling intermittent
exercisel®Y. Esbjornssonet al*?, reported an increase in the plasma ammonia over
the period of the three 30-s cycle sprints (Wingate test), performed by healthy
females (n 58) and males (n 56). The supplementation of KAAA affect the
concentrations of ammonia, as in our study, the supplemented group has not
shown significant changes, i e, attenuated the increase in blood ammonia.
Besides, the thermal stress seems to contribute to the increase in blood ammonia
during exercise!*> 227

The urate concentrations were significantly higher in the PL group after Exh.
Our data suggest that hyperammonemia presented in pl group is mainly due to the
deamination of AMP, one of the metabolic pathways of ammonia production,
especially in muscle glycogen deficit and exercises of high intensity, whose final
metabolic product is urate®. The urate production was reduced by the
administration of KAAA in the KA group. The blood glucose was increased in the
Ka group only after Exh moment, suggesting that KAAA providing glucose for
exercise through gluconeogenesis. Lactate levels increased in both groups after
Exh, suggesting a change in the predominant energy path®®. Prado et al'*® also
found an increase in ammonia concentrations, although with maintenance of
glucose and lactate concentrations after using KAAA in cyclists undergoing long
duration exercise.

It is notorious that during the urate formation process, there is production of
reactive oxygen species causing muscle cell damage, allowing leakage of
enzymes marker of muscle damage to the blood™. When intensity exercise is
within the normal range of metabolism, are no significant changes in membrane
permeability. However, when intensity exercise exceeds this range permeability
changes and enzymes appear in the circulation'®¥, in other words, it is clear that
exercise is a powerful inducer of muscle injury!®.

Moreover, it has been proposed that resting values of these enzymes in
ultraendurance athletes are high due to chronic liver damage following long-term

[34]

strenuous exercise™™. In the present study, we observed increased amounts of

blood CK, LDH and AST. These increases could be due to muscle and liver
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damage from increasing ammonia concentrations, especially after the Exh. The
elevation of these enzymes are generally observed when measured hours or days
after exercise!®. However, in this study, these enzymes, increased during
exercise, from 120 min to CK and after Exh for LDH and AST, only in the group
not supplemented. Elevated pre-match levels indicate a possible fatigue
accumulation due to intense daily exercise®?. Nevertheless, our athletes started
the exercise with values within the reference values for nonathletes®®!.

Under these circumstances, our study postulates that acute KAAA
supplementation was able to provide glycolytic energy substrates, saving the use
of deamination of AMP, and consequently reducing the formation of ammonia,
urate and therefore, causing less oxidative stress to form markers skeletal muscle
damage and muscle fatigue. Studies report that this condition may be exacerbated
when the exercise is performed under climatic conditions of environmental

heat®™!

. In excessive heat production, jointly with insufficient heat dissipation,
occurs central nervous system abnormalities. Rhabdomyolysis is a frequent
complication of heat illness, but can happen in the absence of high heat
environmental in response to strenuous exercise when mechanical and/or
metabolic stress damages skeletal muscle, causing elevated serum enzymes

biomarkers of muscle damage and potentially muscle pain and fatigue!*®.

Conclusion

According to our knowledge, this study is the first investigation to evaluate
the acute effect of KAAA supplementation on ammonia metabolism after high
intensity exercise and enzymes biomarkers of muscle damage levels under low
heat stress conditions. Our data suggest that KAAA supplementation might
decrease ammonemia after high intensity exercise, as well as, leakage of
enzymes biomarkers of muscle damage for blood under these conditions. Maybe,
the exercise protocol and the absence of a significant increase in body
temperature of athletes, because the low heat stress environment, were
insufficient to evidence increased concentration of ammonia and the attenuation of

KAAA supplementation in hyperammonemia.
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Figure 1. Environmental conditions and intensity of exercise throughout the cycling
session. All groups had similar environmental conditions and intensity of exercise.
Athletes exercised for 2 h followed by a progressive maximum test to drive the
athletes to exhaustion, after KAAA supplementation (experimental group - KA, e)
or control supplementation (PL, o). Values are means and standard erros (SEM).
(A) Ambient temperature: resting values were KA 22.6 + 0.3 °C and PL 22.7 + 0.3
°C; (B) Relative humidity: resting values were KA 50.7 £ 0.6 % and PL 51.1 + 1.0
%; (C) Heart rate: resting values were KA 67.6 £ 2.7 beats/min and PL 65.0 £ 4.1
beats/min; (D) Perceived exertion scale: resting values were KA 6.5 + 0.3 and PL
6.3 £ 0.3. * Mean values were significantly different from 0 min within the group. T
Mean values were significantly different from 60 min within the group. ¥ Mean
values were significantly different from 120 min within the group (P < 0.05). Values
did not differ significantly between treatments (P > 0.05).
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Figure 2. Acute keto analogue and amino acid (KAAA) supplementation affects the
ammonia, urate and glucose, but not lactate metabolism. Athletes exercised for 2
h followed by a progressive maximum test to drive the athletes to exhaustion, after
KAAA supplementation (experimental group - KA, e) or control supplementation
(PL, o). Values are means and standard erros (SEM). (A) Ammonia: resting values
were KA 83.66 + 3.94 ymol/L and PL 81.49 + 8.25 pmol/L; (B) Urate: resting
values were KA 281.26 + 34.02 pmol/L and PL 288.04 + 34.30 umol/L. (C)
Glucose: resting values were KA 4.62 £ 0.11 mmol/L and PL 5.02 £ 0.17 mmol/L;
(D) Lactate: resting values were KA 1.68 + 0.21 mmol/L and PL 1.81 + 0.13
mmol/L; * Mean values were significantly different from 0 min within the group. t
Mean values were significantly different from 60 min within the group. ¥ Mean
values were significantly different from 120 min within the group (P < 0.05). #
Mean values were significantly different between treatments (P < 0.05).
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Figure 3. Acute keto analogue and amino acid (KAAA) supplementation affects the
lactate dehydrogenase (LDH), creatinine kinase (CK) and aspartate
aminotransferase (AST) levels, but not alanine aminotransferase (ALT) levels.
Athletes exercised for 2 h followed by a progressive maximum test to drive the
athletes to exhaustion, after KAAA supplementation (experimental group - KA, e)
or control supplementation (PL, o). Values are means and standard erros (SEM).
(A) CK: resting values were KA 1.81 £ 0.26 pkat/L and PL 1.45 £ 0.30 pkat/L; (B)
LDH: resting values were KA 2.89 + 0.34 pkat/L and PL 3.02 + 0.19 pkat/L. (C)
AST: resting values were KA 0.38 + 0.05 pkat/L and PL 0.40 + 0.07 pkat/L; (D)
ALT: resting values were KA 0.37 £ 0.03 pkat/L and PL 0.48 £+ 0.08 pkat/L; * Mean
values were significantly different from 0 min within the group. T+ Mean values were
significantly different from 60 min within the group. ¥ Mean values were
significantly different from 120 min within the group (P < 0.05). # Mean values
were significantly different between treatments (P < 0.05).
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ABSTRACT

Exercise induces an acute immune response. The poor nutritional status of some
athletes may predispose them to immunosuppression. The supplementation with
either amino acids or combined keto analogues and amino acids (KAAA) it seems
providing glucose for exercise through gluconeogenesis. In the present study, we
evaluated KAAA supplementation on white blood cells counts during strenuous
exercise under low heat stress environment.Sixteen cyclists were divided in two
groups: KAAA (KA) or placebo (PL) supplements. We used a ketogenic diet for 2 d
and 120 min cycling session followed by a maximum incremental test, blood
samples were obtained during the exercise.There was increase significant on
ambient temperature post exercise compared with pre moment for both groups.
Cortisol showed no significant difference between groups but was significant
increase at Exh on PL group. KA group showed a significant increase in blood
glucose levels at Exh from O min and 120 min. leukocyte and neutrophils
concentrations were significant increase on KA group within the group but no
significant differences between groups. No difference between groups and
moments were demonstrated in blood Basophils, eosinophils and monocytes
levels. We suggested that KAAA supplementation did attenuate the
immunosuppression condition in white blood cells after high intensity exercise,
under low heat stress environment.

Key words: Exercise. Immunity.Cortisol.Neutrophils.Leukocytes.
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Introduction

It is widely known that white blood cells count, such as blood leukocytes,
lymphocytes and neutrophils counts, may be affected by exercise!>. Though
transiently, it is suggested that the immune system is suppressed
(immunosuppression) and stressed, after prolonged intense endurance exercise,
supporting the viewpoint that protection is compromised and infection risk may be
increased, particularly in athletes, with impairment of performance®®.

In addition to the intensity and duration of exercise, others stress factors are
known to influence the immune response to exercise, including: carbohydrate
availability, blood cortisol levels and heat stress!?. It is also well documented that
carbohydrate ingestion before, during, and after prolonged intense endurance
exercise, with higher blood glucose levels, may help to lessen the stress on the
immune system!®. On the other hand, cortisol has been implicated in
immunosuppression and carbohydrate ingestion reduces the cortisol response to
exercise®"!. Exercise in a hot environment also stimulates a stress response that
involves the increased both cortisol and leukocyte counts!®.

Since amino acids and ketoanalogues (KAAA) supplementation is a mixture
of ketogenic and glucogenicketo analogues and amino acids, it has been
suggested that (KAAA) providing glucose for exercise through gluconeogenesis,

during moderate prolonged exercise 7

. Such carbohydrate availability could
attenuate immunosuppression. However, to our knowledge, there is no information
available concerning the influence of effect of short-term KAAA supplementation
on the white blood cells counts after high intensity exercise under low heat stress
conditions in acclimatized athletes. This information may be helpful in better
understanding the effect of KAAA on immune response to exercise and athletic
performance.

It is also proven that carbohydrate ingestion before, during, and after
prolonged intense endurance exercise, with higher blood glucose levels, may help
to lessen the stress on the immune system!®. On the other hand, cortisol has been
implicated in immunosuppression and carbohydrate ingestion reduces the cortisol
response to exercise™’. Exercise in a hot environment also stimulates a stress

response that involves the increased both cortisol and leukocyte counts!®.
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We hypothesized that when exercising in low heat stress conditions, KAAA
supplementation can increase gluconeogenesis by reducing the release of cortisol
and its immunosuppressive effect. Therefore, we evaluated the acute effect of
KAAA on total and differential white blood cells counts in cyclists undergoing

strenuous exercise under low heat stress environment.
Material and methods

Sixteen male endurance-trained cyclists, were divided into two groups of
eight athletes each: experimental group — KA, n = 8 (32.5 + 2.3 years; 68.03 *
2.54 kg; and 1.71 £ 0.28 m); and placebo group — PL, n = 8 (32.7 = 2.1 years;
67.20 + 3.22 kg; 1.71 = 0.27 m) with similar levels of the maximal oxygen
consumption (VO,max) (KA group 58.89+ 2.38 ml.kg™.min™ and PL group 59.51 +
2.23 ml.kg™.min™) and acclimatized to training in the heat, participated in the study
voluntarily. All individuals used in the studies had at least three years of training
and participating in competitions often. They did not have any kind of disease or
use of ergogenic resources that could interfere in the search results. Earlier, all
participants were informed about the study procedures and accepted the
conditions imposed This study was conducted in accordance with the guidelines
set out in the Declaration of Helsinki, and all procedures involving human subjects
were approved by the Ethics Committee for Human Research at the Federal
University of Alagoas, number: 017640/2011-61.

One week before the start of the experiment, the athletes went to the
laboratory and anthropometric variables were recorded as the weight and height.
Moreover, was performed familiarization with the cycle ergometer and the
determination of the VO,max through a maximum incremental test (MIT). The MIT
consisted of a three minute warm up with initial power output of 25 W with free
cadence. Immediately after the warm up, the power output was set to 50 W,
cadence increased to 80 rpm and every last minute of test was made increments
of 25 W.min™. Exhaustion was defined when the subject reported exhaustion and
inability to keep pace established for more than five consecutive seconds. VO,max
was determined by automatic gas analyzer (CosmedQuarkCPET's, Rome, Italy)
and VO, increased greater than 2.1 mL * kg-1 « min™ by increasing the intensity

was used to represent the VO,max*Y. Still one week before the start of the
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experiment, athletes received an individualized ketogenic diet: 35% of the
recommended energy intake from protein; 55% from lipids; and 10% from
carbohydrates!*?. Subjects were asked to maintain their normal training schedule (
~ 60 km.d™) up to 48 h before the day of the experiment and to follow the fluid
intake (~ 3 L.d™*, without the use of beverages caffeinated) and ketogenic diet for 2
d before the experiment and during the day of the experiment (normal training and
a ketogenic diet were used to reduce muscle glycogen stores and to induce a
higher increase in cortisol and white blood cells counts).

On the day of the experimental period, the subjects reported to the
laboratory in a fasting state and received breakfast ketogenic with ~ 200 mL of
water. After 1 h of breakfast, the KA group received five tablets of a KAAA mixture
(Ketosteril®; Fresenius, Bad Homburg, Germany), and PL group five 200 mg
tablets of lactose, which served as a placebo (Farmaderm®, Maceid, Alagoas,
Brazil) in a randomized double-blind manner. The composition of the KAAA
mixture/tablet was as follows: a-keto analogues of isoleucine (335 mg), leucine
(505 mg), phenylalanine (430 mg) and valine (340 mg); a-hydroxy analogue of
methionine (295 mg); L-lysine acetate (75 mg L-lysine); L-threonine (265 mg);
Ltryptophan (115 mg); L-histidine (190 mg); L-tyrosine (150 mg). Both
supplements were provided in indistinguishable capsules with ~ 300 mL of water
that promoted the homogeneity of the hydration status of athletes.

After 1 h of supplementation, the athletes performed stretching followed by
a warm up 10 min at 50 % maximum heart rate. Athletes started 2 h of cycling
session at 80 rpm, following a power output between 75% to 85% of the estimated
maximum heart rate. Heart rate was recorded throughout the exercise protocol
using a heat rate monitor (Polar® FT1, Kempele, Finland). Heart hate was used as
intensity of exercise marker. Immediately after cycling session for 2 h, athletes
were again submitted to a MIT to induce exhaustion (Exh) in both groups and to
evaluate white blood cells counts. Throughout the experiment, were also
measures ambient temperature (in degrees centigrade, °© C) and relative humidity
(in percentage%) by thermometer (Instrutemp®, S&o Paulo, S&o Paulo, Brazil) as
environmental conditions.

A catheter was placed into the median cubital vein. At 1 h after the
supplementation, blood samples were obtained at rest (0 min) and at 60 min



69

intervals throughout the exercise period (60 and 120 min). Finally, blood samples
were collected after MIT (at Exh). Athletes did not received fluids during the trial.

Blood samples were analyzed in duplicate after collection. To avoid the loss
of volatile compounds, blood samples were immediately centrifuged, and the
plasma and serum were separated and stored at 4° C for subsequent hormonal
and biochemical analysis in a 24 h period. Biochemical determination of glucose
was performed in serum using commercially available spectrophotometric assays
(Labtest, Minas Gerais, Brazil). Cortisol concentrations were quantified using a
standard, commercially available enzyme-linked immunosorbent assay (ELISA) kit
(Assay Designs, Inc, Ann Arbor, MI). Coefficient of variation for analysis was 6.4%.

On the other hand, total (blood leukocyte) and differential (blood
neutrophils, basophils, eosinophils, lymphocytes and monocytes) white blood cells
counts was performed by automated analysis (Human®, Wiesbaden, Hessen,
Alemanha) from blood collected into tubes containing EDTA and also stored at 4°
C for subsequent analysis in a 24 h period. Urine samples also were used to
ketonuria analysis by reagent strips for urinalysis (Biocolor/Bioeasy®, Belo
Horizonte, MinasGerais) and to determine ketosis status.

Data are shown as mean * standard erro. Environmental conditions and
heart rate were analyzed by unpaired and paired Student’s t test, and significant
differences were set at p < 0.05. After testing for normality (Kolmogorov—Smirnov)
and equality test variance (Levene median), the changes in cortisol, glucose and
white blood cells counts, between time points were analyzed by a one-way
ANOVA (treatments), and the group changes were evaluated by a two way
ANOVA (treatments x time) for repeated measures. Significances (P < 0.05) were
confirmed using the Tukey test as a post hoc analysis. When the sample showed

a non-normal distribution, nonparametric tests correspondents, were used.

Results

We used a 120 min cycling session followed by a MIT to drive the athletes
to exhaustion and to evaluate the acute effect of KAAA supplementation on total
and differential white blood cells counts. There was significant difference between

groups in environmental conditions parameters and intensity of exercise when
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comparing the pre and post cycling session. There was significate increase on
ambient temperature post exercise compared with pre moment for both groups (P
< 0.05). Also, the exercise was able to increase significantly the heart beats in
both groups (P < 0.05). The only significant difference not observed was on
humidity relative post exercise on PL group compared with pre moment (Table 1).
Therefore, both groups had similar environmental conditions by ambient
temperature and relative humidity indicated a low heat stress conditions, in both
group, throughout cycling session. Both groups also had similar effort by heart

rate.

Table 1.Environmental conditions and intensity of exercise throughout the cycling

session from groups KEX and PEX, before (Pre) and after (Post) cycling session.

The effect of KAAA on blood cortisol and glucose levels were also
measured. The data of blood cortisol showed no significant difference between
groups (P > 0,05) (figure 1A). On the other hand, there was significant increase at
Exh (P < 0.05) on PL group compared with resting values within the group. In
contrast, blood cortisol was not increased in the KA group at any time within the
group (P > 0.05). In addition, when measured by the percentage change, were no
observed increase (or delay) from 120 min and Exh (~ 30 % and 22 %,
respectively) in blood cortisol in the KA group when compared with baseline
values within the group. While PL group showed an increase of blood cortisol at
120 min and Exh (~ 98 % and 70 %, respectively), compared with baseline values
within the group (Inset of figure 1A).

To understand the role of KAAA in gluconeogenesis, we measured the
blood glucose level during cycling session and MIT. No significant difference in
blood glucose levels was found during the trial time between the groups. However,
KA group showed a significant increase at Exh from 0 min and 120 min (Figure
1B). This is according to data from ketonuria after cycling. There was only
increase in the ketonuria post cycling session (60%) on PL group compared with
KA group (0 %).

Figure 1.Acute keto analogue and amino acid (KAAA) supplementation affects the

cortisol and glucose levels.
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To understand the role of KAAA in white blood cells, we measured the total
(blood leukocyte) and differential (blood neutrophils, basophils, eosinophils,
lymphocytes and monocytes), during cycling session and MIT. The data of blood
leukocytes counts showed no significant difference between groups (P > 0,05). On
the other hand, there was significant increase at Exh on KA group compared with
resting values, 60 min and 120 min within the group (P < 0.05). In contrast, there
was only significant increase at Exh on PL group compared with resting values
and 60 min within the group (P < 0.05) (Figure 2). Therefore, the

immunosuppression condition was prevented in the KA group after MIT.

Figure 2.Acute keto analogue and amino acid (KAAA) supplementation affects the

leukocytes count.

The effect of KAAA on blood neutrophils, basophils, eosinophils counts was
also measured. Blood neutrophils counts had similar changes such as leukocyte
counts in both groups. The data of blood neutrophils counts showed no significant
difference between groups (P > 0,05). On the other hand, there was significant
increase at Exh on KA group compared with resting values, 60 min and 120 min
within the group (P < 0.05). In contrast, there was only significant increase at Exh
on PL group compared with resting values and 60 min within the group (P < 0.05)
(Figure 3A). Still, we were not able to measure any significant KAAA-induced

difference in the basophils and eosinophils counts (Figures 3B and 3C).

Figure 3.Acute keto analogue and amino acid (KAAA) supplementation affects the

neutrophils count, but not basophils and eosinophils count.

The data of blood lymphocytes counts showed no significant difference
between groups (P > 0,05). However, there was significant increase at Exh on KA
group compared with resting values and 60 min within the group (P < 0.05). In
contrast, there was only significant increase at 120 min on PL group compared
with resting values within the group (P < 0.05) (Figure 4A). We were not able to
measure any significant KAAA-induced difference in the monocytes counts (Figure
4B).
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Figure 4.Acute keto analogue and amino acid (KAAA) supplementation affects the

lymphocytes count, but not monocytes count.

Discussion

The aim of this study was to evaluate the acute effect of KAAA
supplementation on total and differential white blood cells counts in cyclists
undergoing strenuous exercise under low heat stress environment. The acute use
of a mixture of KAAA supplementation avoided immunosuppression with
decreased cortisol and increase blood glucose levels after high intensity exercise
in such conditions.

Exercise induces an acute phase immune response similar to infection or to
trauma, with a systemic inflamatory response and oxidative stress*®. The
immunosuppression in athletes involved in heavy training is undoubtedly
multifactorial in origin, such as, intensity and duration of exercise, poor nutritional
status, increased of amounts cortisol and hot environments®*%. Training and
competitive surroundings may increase the athlete's exposure to pathogens and
provide optimal conditions for pathogen transmission, increasing the risk of
infection and possible losses to performance!®.

Nutrient availability has the potential to affect almost all aspects of the
immune system. Previous studies indicate that diets with low amounts of
carbohydrates, results in increased of stress oxidative and this metabolic stress
imposed by the low CHO availability resulted in increased release of cortisol,
which in turn induced the greater neutrophilial*> ¢!,

Either, the carbohydrate ingestion may help to lessen the stress on the
immune system and reduces the cortisol response to exercisel®”. The
combination of keto analogues with amino acids (KAAA) has been used to treat
patients with chronic kidney disease (CKD), portal systemic encephalopathy and

hyperammonaemial*”.

In an opposite manner, the use of KAAA has been
proposed as a glycolytic substrate. The KAAA supplement is a mixture of
glucogenic and ketogenic amino acids, and may promote anaplerosis via different

Krebs cycle intermediates, providing power®%.
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Our study protocol was able to increase the immuninty by exercise
responses in addition to the low concentrations of carbohydrate. Cortisol has been
related to many of the immunosuppressive and cell trafficking changes

experienced during recovery!®*e.

In This study cortisol concentrations were
increased. However, especially after the Exh, supplementation, KAAA was able to
inhibit this increase. Plasma cortisol correlated negatively with the amounts of
glucose, and correlated strongly with the post-exercise leukocytosis*®. Therefore,
an increase in glucose concentrations after Exh in the supplemented group,
suggesting that KAAA played a role glucogenic or the existing spared
carbohydrate, through the provision of amino acids.

During metabolism, amino acids are deaminated or transaminated to form
keto acids via release of the amino group. These reactions are reversible, and the
use of keto analogues could results in the production of aminoacids™™. The supply
keto acids, such as glutamate, can form glutamine. Thus, the glutamine increases
the krebs cycle intermediates pool during exercise, probably because of the entry
of glutamine carbons at the level of 2-oxoglutarate. Therefore, glutamine is

%1 1t is also

regarded in the important anapleroticandgluconeogenicsubstrate
acknowledged that glutamine serves as a primary substrate for many leukocytes.
However, glucose is also recognized as an important substrate for leukocytes.
Thus, carbohydrate supplementation may enhance immune function during and in
response to exercise by conserving glutamine and by maintaining glucose
availability for leukocytes M. In this study, KAAA supplementation increased blood
glucose during high intensity exercise.

Our experiment showed similar changes in other works. In regard to
number of leukocytes, which increased during exercise, the transient leukocytosis
by neutrophilia, that is, the increase was mainly due to an increase of neutrophils
in both groups, especially in the Ka group compared to PI group after the 120 and
eXh[ZO’Zl].

The exercise, itself, appears to increase the leukocyte count, mainly by
increasing the number of neutrophils, due to the demargination caused by
hemodynamic changes, associated with catecholamine action®?. Which
corroborates previous research®>?4 it is suggested that leukocytosis is modulated
by the effects of stress, catecholamine secretion, and consequently, the increase

in cell demargination, may be related to a gradual increase in the intensity of
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exercise®. No changes were observed in the values basophils, eosinophils and
monocytes in both groups. On the work stand out the use of these blood
parameters aimed at better evaluation of the physical condition of the athlete,
ensuring sufficient energy supply for athletic performance, reducing the

Immunosuppressive effect.
Conclusion

According to our knowledge, this study is the first investigation to evaluated
the acute effect of KAAA on total and differential white blood cells counts in
cyclists undergoing strenuous exercise under low heat stress environment. This
study demonstrated that KAAA supplementation after high intensity exercise,
under low heat stress environments, did attenuate some characteristic parameters
of immunosuppression in white blood cells. Maybe, exposure to stress

environment could lead to greater expression of the immune system.
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Table 1.Environmental conditions and intensity of exercise throughout the cycling

session from groups KEX and PEX, before (Pre) and after (Post) cycling session.

Groups/ Ambient Relative Heart rate
Moments temperature humidity  (beats/min)
Q) (%)
Pre 23.0+0.3 51.1+0.6 67.6 £2.7
KA
Post 23.6 £ 0.2* 56.2 +1.4* 181.5+5.5*
Pre 23.1+04 50.6 +1.3 65.0+4.1
PL
Post 23.7+0.4* 557+x11 1774 £9.0*

* Mean values were significantly different from pre moment within the group.
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Figure 1. Acute keto analogue and amino acid (KAAA) supplementation affects the
cortisol and glucose levels. Athletes exercised for 2 h followed by a progressive
maximum test to drive the athletes to exhaustion, after KAAA supplementation
(experimental group - KEX, e) or control supplementation (PEX, o). Values are
means and standard errors. (A) Cortisol: resting values were KA 299.62 + 26.71
nmol/L and PL 277.55 + 34.13 nmol/L; (B) Glucose: resting values were KA 4.62 +
0.11 mmol/L and PL 5.02 £ 0.17 mmol/L. * Mean values were significantly different
from 0 min within the group; ¥ Mean values were significantly different from 120
min within the group (P < 0.05). Values did not differ significantly between
treatments (P > 0.05). Inset of Figure 1(A) shows the decrease in cortisol levels in
KA when normalized (A%) against rest values, but not in PL.
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Figure 2. Acute keto analogue and amino acid (KAAA) supplementation affects the
leukocytes count. Athletes exercised for 2 h followed by a progressive maximum
test to drive the athletes to exhaustion, after KAAA supplementation (experimental
group - KA, e) or control supplementation (PL, o). Values are means and standard
errors. Leukocytes: resting values were KA 7.46 + 0.98 x 10%L and PL 7.41 + 0.69
x 10°/L. * Mean values were significantly different from 0 min within the group; t
Mean values were significantly different from 60 min within the group; £ Mean
values were significantly different from 120 min within the group (P < 0.05). Values
did not differ significantly between treatments (P > 0.05).
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Figure 3. Acute keto analogue and amino acid (KAAA) supplementation affects the
neutrophils count, but not basophils and eosinophils count. Athletes exercised for
2 h followed by a progressive maximum test to drive the athletes to exhaustion,
after KAAA supplementation (experimental group - KA, e) or control
supplementation (PL, o). Values are means and standard errors. Neutrophils:
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resting values were KA 4.99 + 0.95 x 10%L and PL 4.61 + 0.54 x 10%/L. Basophils:
resting values were KA 0.05 + 0.01 x 10°%L and PL 0.04 + 0.09 x 10%L.
Eosinophils: resting values were KA 0.16 + 0.04 x 10°L and PL 0.35 + 0.11 x
10%L. * Mean values were significantly different from 0 min within the group; t
Mean values were significantly different from 60 min within the group; ¥ Mean
values were significantly different from 120 min within the group (P < 0.05). Values
did not differ significantly between treatments (P > 0.05).
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Figure 4. Acute keto analogue and amino acid (KAAA) supplementation affects the
lymphocytes count, but not monocytes count. Athletes exercised for 2 h followed
by a progressive maximum test to drive the athletes to exhaustion, after KAAA
supplementation (experimental group - KA, e) or control supplementation (PL, o).
Values are means and standard errors. Lymphocytes: resting values were KA 1.90
+0.26 x 10%L and PL 2.02 0.20 x 10%L. Monocytes: resting values were KA 0.29
+ 0.05 x 10%L and PL 0.35 # 0.07 x 10%L. * Mean values were significantly
different from O min within the group; T Mean values were significantly different
from 60 min within the group; ¥ Mean values were significantly different from 120

min within the group (P < 0.05). Values did not differ significantly between
treatments (P > 0.05).
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4 CONSIDERACOES FINAIS




O presente estudo,para nosso conhecimento, foi o primeiro a avaliar o
efeito da suplementacdo de KAAA no metabolismo da aménia, niveis de
enzimas biomarcadoras de dano muscular e o conteudo total e diferencial de
células brancas apo0s exercicio de alta intensidade sob condicbes de baixo
estresse térmico. Nossos dados sugerem que a suplementacdo KAAA foi
capaz pode de reduzir amonemia apds exercicio de alta intensidade, assim
como, o0 extravasamento de enzimas biomarcadoras de lesdo muscular para o
sangue sob estas condicdes. Além de atenuar alguns parametros
caracteristicos de imunossupressao em células brancas do sangue.

Sugerimos que, esse resultado ocorreu pela capacidade do KAAA
fornecer intermediarios para o ciclo de Krebs, funcionando como via
anaplerotica para gliconeogenese. E jA que 0 estresse térmico esta
intimamente relacionado com esses parametros bioquimicos e hematoldgicos,
talvez, auséncia de um aumento significativo na temperatura corporal dos
atletas e o protocolo de exercicio,tenham sido insuficientes para evidenciar o
aumento das concentracdes de amébnia e enzimas biomarcadoras de dano
muscular, assim como uma maior expressao do sistema imunitario e atenuacao

oferecida pela suplementacédo de KAAA.



5 APENDICES



APENDICE A - TERMO DE CONSENTIMENTO LIVRE E
ESCLARECIDO

Termo de Consentimento Livre e Esclarecido (T.C.L.E.)

(Em duas vias, firmado por cada participante-voluntario(a) da pesquisa e pelo
responsavel)

“O respeito devido a dignidade humana exige que toda pesquisa se processe
apos consentimento livre e esclarecido dos sujeitos, individuos ou grupos que
por si e/ou por seus representantes legais manifestem a sua anuéncia a
participacdo na pesquisa.” (Resolucdo. n°® 196/96-1V, do Conselho Nacional de
Saude)

Eu,
_____tendo sido convidado(a) a participar como voluntario(a) do estudo
AVALIACAO E INTERVENCAO NUTRICIONAL-METABOLICA EM
ATLETAS ALAGOANOS DE DIFERENTES MODALIDADES ESPORTIVAS,
recebi do(a) Sr.(a) PROFESSOR DOUTOR EDUARDO SEIXAS PRADO, do
DEPARTAMENTO DE EDUCACAO FiSICA DA UNIVERSIDADE FEDERAL
DE ALAGOAS, responsavel por sua execucao, as seguintes informacdes que me
fizeram entender sem dificuldades e sem dividas 0s seguintes aspectos:

* Que atletas considerados de menor (idade inferior a 18 anos), terdo que
apresentar uma autorizacdo dos pais ou responsaveis para participacdo na pesquisa.
* Que o estudo se destina a obter dados experimentais para avaliacdo do
desempenho, da cognicdo, do metabolismo e da atividade cardiaca de atletas
alagoanos de diferentes modalidades esportivas, através de procedimentos
nutricionais e metabolicos, supervisionada por profissionais capacitados.

* Que a importancia deste estudo € demonstrar sua contribuicdo social, no sentido
de melhorar o desempenho na pratica esportiva de atletas locais, esclarecendo seu
estado nutricional e metabdlico e a0 mesmo tempo, oferecendo oportunidade para
uma melhor orientagdo em como se alimentar e hidratar, no sentido dos atletas se
cuidarem mais eficientemente, beneficiando seu desempenho.

* Que os resultados que se desejam alcancar sdo 0s seguintes: espera-se que a
dieta e o estado de hidratacdo, além do perfil bioquimico e hematolégico dos atletas
alagoanos, obtidos na primeira etapa do estudo, estejam irregulares. Através do
plano de intervencdo (orientacdo), todos os aspectos nutricionais e metabdlicos,
reavaliados na segunda etapa, serdo melhorados, permitindo assim, um melhor
desempenho fisico destes. Na terceira etapa da pesquisa, espera-se que haja uma
melhora do desempenho fisico, do metabolismo (devido a reducdo da amonemia),
do estado cognitivo e da resposta cardiaca, tanto em temperatura ambiente quanto
no calor, com o uso de algumas substancias e/ou procedimentos.

* Que esse estudo comecara no terceiro trimestre (em julho) de 2012 e terminara
no segundo trimestre (em junho) de 2016.

* Que o estudo sera feito da seguinte maneira: vinte e oito atletas de modalidades
esportivas diferentes serdo estudados em trés etapas diferentes. A primeira etapa tera
como objetivo tracar um perfil da dieta e do metabolismo e também realizar um
plano de orientacdo nesse aspecto. A segunda etapa terd como objetivo realizar uma
reavaliagdo nutricional e metabdlica apos seis meses da intervengéo e comparar com
o perfil tracado na primeira etapa. Todos os atletas participardo da primeira e




segunda etapas, mas apenas alguns atletas, através de sorteio, participardo da
terceira etapa. Nas duas primeiras etapas, serdo utilizados inquéritos alimentares e
avaliacOes do estado de hidratacdo como avaliagcdo nutricional, enquanto que
analises sanguineas (bioguimica e hematoldgica) servirdo como avaliacao
metabdlica. Na terceira etapa serdo realizados experimentos para verificar seu efeito
agudo no desempenho fisico, no estado cognitivo, nas alteracdes cardiacas e no
metabolismo. Para tal, alguns atletas serdo divididos em dois grupos: experimental
(atletas que receberdo uma substancia ou sofrerd acdo de um procedimento
fisioldgico) e controle (atletas que ndo vao ingerir substancias ou sofrer acdo de
procedimentos fisioldgicos). Os grupos serdo constituidos a partir de aspectos do
modelo experimental adotado, como: simulagdo de exercicio fisico especifico da
modalidade esportiva; esquemas alimentares; uso de substancias; e condi¢des de
temperatura diferenciadas. Sangue seré obtido no experimento. Frequéncia Cardiaca
(FC), Percepcdo Subjetiva de Esforco (PSE), testes cognitivos (coordenacdo motora
e tempo de reacdo) e tempo de exaustdo, também serdo obtidos.

* Que eu participarei das seguintes etapas: primeira e segunda. Apos sorteio,
existe a possibilidade de participar da terceira etapa.

* Que os incobmodos que poderei sentir com a minha participacao sdo os seguintes:
talvez, algum desconforto possa ocorrer nos atletas na execucgdo da coleta sanguinea
(que sera feita na veia, com material esterilizado e descartavel) e na realizacédo de
exercicios fisicos no calor. Caso isto ocorra, 0 voluntério sera assistido por
profissional competente e os pesquisadores no mesmo local, podendo desistir do
estudo. A coleta de sangue podera resultar em um pequeno hematoma no local
(mancha roxa e dolorosa), contudo todos os cuidados serdo tomados para que isto
ndo ocorra.

* Que os possiveis riscos a minha sadde fisica e mental sdo: este estudo ndo
apresenta riscos, de nenhuma natureza, para os envolvidos (voluntarios e
pesquisadores), seja como consequéncia imediata ou tardia da participacdo na
pesquisa.

* Que deverei contar com a seguinte assisténcia: de todos os pesquisadores, sendo
responsavel(is) por ela: Professor Eduardo Seixas Prado, residente na Rua José
Soares Sobrinho, 136, Jatitica, Maceid, AL, tel: 9105-5301.

* Que os beneficios que deverei esperar com a minha participacdo, mesmo que
ndo diretamente sdo: receber melhor orientacédo nutricional para melhor desempenho
fisico.

* Que a minha participacdo serd acompanhada do seguinte modo: havera
acompanhamento integral de alunos, pesquisadores e colaboradores capacitados no
momento do experimento.

* Que, sempre que desejar serdo fornecidos esclarecimentos sobre cada uma das
etapas do estudo.

* Que, a qualquer momento, eu poderei recusar a continuar participando do estudo
e, também, que eu poderei retirar este meu consentimento, sem que isso me traga
qualquer penalidade ou prejuizo.

* Que as informacgdes conseguidas através da minha participacdo ndo permitirdo a
identificacdo da minha pessoa, exceto aos responsaveis pelo estudo, e que a
divulgacdo das mencionadas informacdes so sera feita entre os profissionais
estudiosos do assunto.

* Que eu ndo terei despesas com a minha participacdo nesse estudo.



Finalmente, tendo eu compreendido perfeitamente tudo o que me foi informado
sobre a minha participacdo no mencionado estudo e estando consciente dos meus
direitos, das minhas responsabilidades, dos riscos e dos beneficios que a minha
participacdo implicam, concordo em dele participar e para isso eu DOU O MEU
CONSENTIMENTO SEM QUE PARA ISSO EU TENHA SIDO FORCADO OU
OBRIGADO.

Endereco do(a) participante-voluntario(a)
Domicilio: (rua, praga, conjunto):

Bloco: /N°: /Complemento:

Bairro: /CEP/Cidade: /Telefone:

Ponto de referéncia:

Contato de urgéncia: Sr(a).
Domicilio: (rua, praca, conjunto)
Bloco: /N°: /Complemento:
Bairro: /CEP/Cidade: /Telefone:
Ponto de referéncia:

Endereco dos(as) responsavel(is) pela pesquisa (OBRIGATORIO):
Instituicdo: UNIVERSIDADE FEDERAL DE ALAGOAS

Endereco: CAMPUS A.C. SIMOES; AV. LOURIVAL MELO MOTA, S/N
Bloco: /N°: /Complemento: DEPARTAMENTO DE EDUCACAO FISICA
Bairro: /CEP/Cidade: TABULEIRO DO MARTINS; 57.072-970; MACEIO.
Telefones p/contato: 9105-5301

ATENCAO: Para informar ocorréncias irregulares ou danosas durante a sua
participacdo no estudo, dirija-se ao:

Comité de Etica em Pesquisa da Universidade Federal de Alagoas:

Prédio da Reitoria, sala do C.O.C., Campus A. C. Simdes, Cidade Universitaria
Telefone: 3214-1041

Maceio,

(Assinatura ou impressdo datiloscopica | Nome e Assinatura do(s) responsavel(eis)
d(o,a) voluntéari(o,a) ou resposavel legal pelo estudo (Rubricar as demais paginas)
- Rubricar as demais folhas)







ANEXO A — Aprovacédo no Comité de Etica em Pesquisa

!

UNIVERSIDADE FEDERAL DE ALAGOAS
COMITE DE ETICA EM PESQUISA

Macei6 — AL, 15/08/2012

Senhor(a) Pesquisador(a), Eduardo Seixas Prado, Emiliano de Oliveira Barreto,
Divanise Suruagy Correia, Sandra Mary Lima Vasconcelos,
Bruna Merten Padilha, Catherine Cavalcanti Padilha,
Jamille Nunes de Souza Ferro, Rafael Vital dos Santos, .
Cibelle Rodrigues Calheiros, Rafaela Carvalho Pereira Lima,
Saulo Rodrigues Alves e Silva Camerino.

O Comité de Etica em Pesquisa (CEP) em 14/08/2012 e com base no parecer emitido
pelo (a) relator (a) do processo n° 017640/2011-61 sob o titulo, AVALIACAO E
INTERVENGAO NUTRICIONAL-METABOLICA EM ATLETAS ALAGOANOS DE
DIFERENTES MODALIDADES ESPORTIVAS, vem por meio deste instrumento comunicar a
renovagéo do processo supra citado, com base no item VII1.13, b, da Resolugao n° 196/96.

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que
alterem o curso normal do estudo (Res. CNS 196/96, item V.4).

E papel do(a) pesquisador(a) assegurar medidas imediatas adequadas frente a evento
| grave ocorrido (mesmo que- tenha sido em outro centro) e enviar notificacdo ao CEP e a
.| Agéncia Nacional de Vigilancia Sanitaria — ANVISA — junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e sua justificativa.
Em caso de projeto do Grupo | ou Il apresentados anteriormente a ANVISA, o (@)
pesquisador (a) ou patrocinador(a) deve envia-los & mesma junto com o parecer aprovatério
do CEP, para serem incluidas ao protocolo inicial (Res. 251/97, item IV. 2.e).

Relatérios parciais e finais devem ser apresentados ao CEP, de acordo com os prazos
estabelecidos no Cronograma do Protocolo e na Resolugao CNS 196/96.

.. Na eventualidade de esclarecimentos adicionais, este Comité coloca-se a disposicao
dos interessados para o acompanhamento da pesquisa em seus dilemas éticos e exigéncias
contidas nas Resolugbes supra-referidas. &
; Esta aprovagdo ndo é valida para subprojetos oriundos do protocolo de pesquisa

aCIma a referido.

*) Areas tematicas especiais
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