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RESUMO
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EFEITO DO TREINAMENTO HIPOXICO INTERMITENTE SOBRE O GANHO
DE PESO, CONSUMO CALORICO E PERFIL BIOQUIMICO EM RATOS
SUBMETIDOS A DIFERENTES DIETAS

AUTORA: ROLI RODRIGUES SIMOES
ORIENTADORA: MARIA AMALIA PAVANATO
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Este trabalho investigou o efeito de sessdes de treinamento hipdxico
intermitente (THI) sobre o peso corporal, consumo caldrico e variaveis bioquimicas
em ratos Wistar alimentados com dieta padrdo (DP) ou dieta hipercalérica (DH).
Quarenta ratos foram divididos em dois grupos e alimentados com DP ou DH. Na
sequéncia foram subdivididos em quatro grupos e submetidos as sessdes de hipdxia
intermitente (HI) ou normoxia (N) por 30 dias. Os grupos formados foram: DP/N,
DP/HI, DH/N e DH/IH. Os grupos submetidos ao THI seguiram o seguinte protocolo:
15 minutos de hipéxia com a concentracao de O, inspirado variando entre 10 a 15%
e 5 minutos para reoxigenagdo. Os grupos normoOxia foram expostos as mesmas
condi¢oes, poréem com concentragdes normais de O, (21%). O peso corporal e 0
consumo de ragao foram avaliados a cada dois dias. No dia 31, os animais foram
anestesiados e o sangue foi coletado por pungéo cardiaca. As variaveis bioquimicas
analisadas foram: colesterol total (CT), triglicerideos (TG), lipoproteina de alta
densidade (HDL), glicose, lactato desidrogenase (LDH), alanina aminotransferase
(ALT), aspartato aminotransferase (AST), glicogénio muscular e hepatico. Com
relacdo as dietas, a DH promoveu maior ganho de peso somente nos grupos em
normoxia. A ingesta calérica diminuiu significativamente no subgrupo DH/HI. Embora
a média do peso corporal ndo tenha diminuido significativamente, as diferengcas em
percentagens mostraram uma reducao no subgrupo DH/HI. No perfil bioquimico, o
THI alterou somente a LDH, aumentando-a no subgrupo DP e a AST, diminuindo-a
no subgrupo DH. Nossos achados permitem sugerir que o THI pode ter um papel
promissor na prevencao da obesidade e mais estudos sdo necessarios para avaliar
seus efeitos na prevencgao/tratamento de outras patologias.

Palavras-chave: treinamento hipoxico intermitente, dietas, bioquimica sérica,
peso corporal, ratos Wistar.
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This work investigated the effect of intermittent hypoxic training (IHT) sessions
under bodyweight, food intake and biochemical parameters in Wistar rats fed normo
fat (NF) and high fat (HF) diets. Forty rats were divided in two groups, which were fed
a NF or a HF diet. Afterwards the rats were subdivided in four groups and submitted
to intermittent hypoxia (IH) or normoxia (N) sessions for 30 days. Groups formed:
NF/N, NF/IH, HF/N and HF/IH. The groups submitted to IHT followed this protocol: 15
minutes hypoxia, 10-15% inspired O, and 5 minutes for reoxigenation). Sham group
was exposed to the same conditions but with normal O, concentrations (21%).
Bodyweight and food intake were measured every two days. The rats were
anesthetized on day 31 and the blood was sampled by cardiac punction for analyses.
The biochemical parameters analyzed were: total cholesterol (TC), triglycerides (TG),
high density cholesterol (HDL), glucose, lactate dehidrogenase (LDH), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and muscle and hepatic
glycogen. In regard to diets, the HF group promoted the biggest weight gain just in
normoxia groups.The food intake decrease significantly in HF/IH subgroup compared
to HF/N. Although the average of the corporal weight did not decrease
significantly, the differences in percentages had shown a reduction in HF/IH
subgroup. In the profile biochemist, the IHT only modified the LDH, increasing
it in NF subgroup and the AST, diminishing it in HF subgroup. Our findings
allow to suggest that the IHT can have a promising role in the prevention of the
obesity and more studies are needed to evaluate its effect in the
prevention/treatment of other diseases.

Key words: Intermittent hypoxic training, diets, biochemical parameters,
bodyweight, Wistar rats.
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1 INTRODUGCAO

A hipéxia é um estado de baixo teor de oxigénio (O,) nos tecidos que pode
ocorrer por diversos fatores. E geralmente considerada perigosa em tecidos com
altas necessidades de O, como o cerebral (GOZAL, DANIEL, DOHANICH, 2001). A
sobrevivéncia dos tecidos ao estresse hipoxico indica que respostas adaptativas séo

mobilizadas para compensar a falta de O, celular (JUNG et al. , 2008).

O treinamento hipdxico intermitente (THI) surgiu na década de 30 na Unido
Soviética. E caracterizado por uma regular e repetida exposicdo a condigcdes
hipoxicas, como as encontradas por escaladores ou atletas que treinam em altas
altitudes, intercalada com periodos de respiragdo normal (21% Oy), durante um
periodo que pode variar de dias & semanas (ANDERSON, HONIGMAN, 2011). E
usado para pré-aclimatacao a altitudes, para melhorar a performance nos esportes e

no tratamento e/ou profilaxia de diversas doengas, como as cardiovasculares

(SEREBROVSKAYA, 2002).

As dislipidemias sdo consideradas um grande problema para a saude publica
no mundo inteiro e caracterizam-se por um aumento anormal em um ou mais
constituintes lipidicos sanguineos e sendo fatores de risco para diversos problemas,
como as doencas cardiovasculares (DCV) (LIMA, 1999). Essas estdo entre as
principais causas de morte em diversos paises do mundo, incluindo o Brasil que
aparece em 9?2 lugar na lista dos paises cuja populacdo morre mais de doencas
cardiacas, em nimeros absolutos, e é o 62 de derrames. E previsto que as DCV irdo
matar mais de 24 milhdes de pessoas por ano até 2030. No Brasil, em 2002, foram

registradas 139.601 mortes por doencas cardiacas e 129.172 por derrames.
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Atualmente, cerca de 17 milhées de pessoas morrem anualmente em consequéncia

dessas enfermidades (PICON, POLANCZYK, AMARAL, 2002; LOTUFO, 2010).

Multiplos séo os fatores de risco para DCV e os principais estdo relacionados
com as dietas (CHIARA, SICHIERI, 2001). Nos ultimos tempos estdo cada vez mais
presentes na dieta das populagdes alimentos ricos em gorduras. O problema ocorre
quando esta fonte energética é consumida em excesso, uma vez que grande parte
da populacdo consome alimentos ricos em gorduras saturadas, as quais elevam a
lipoproteina de baixa densidade (LDL) (especialmente envolvida na formacao da
aterosclerose), elevam triglicerideos (TG) e diminuem a lipoproteina de alta
densidade (HDL) (a qual ajuda a manter os niveis de LDL normais no sangue)
(SILVA, CHANG, MORIEL, 1995; FERNVIK, FETELHUTH, GIDLUND, 2004;

YOLOGLU et al., 2005).

Devido a alta prevaléncia de mortes e acidentes vasculares, alternativas que
possam auxiliar no controle e prevencdao de DCV sado de interesse geral.
MEERSON e colaboradores (1989) e MEERSON (1991) observaram em 15
individuos masculinos destreinados com disturbios do metabolismo do colesterol e
TG acima do normal, apds sessbes de THI, reducdo da média de massa corporal,
diminuicdo dos indices de colesterol total (CT) e TG sem alteracdo do HDL.
Recentemente FREITAS (2008), mostrou que 10 sessdes de THI reduziram o perfil
lipidico (CT, LDL e TG) em 50% de um grupo de 11 individuos com
hipercolesterolemia. Com base nesses dados, observa-se que o efeito do THI é
promissor se considerar o fato de que ndo houve controle nutricional e os

individuos n&o praticaram atividades fisicas neste periodo.
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Conforme citado anteriormente, o THI apresenta-se como uma alternativa,
nao-farmacoldgica, na reducao de colesterol (CT, LDL), TG e aumento de HDL. Este
estudo utilizou o modelo animal a fim de possibilitar um maior controle da dieta e

para permitir uma melhor avaliagdo do potencial do THI para a finalidade proposta.

Neste contexto, o presente estudo objetiva analisar o efeito do THI sobre o
ganho de peso, consumo calérico e parametros bioquimicos em ratos Wistar

alimentados com diferentes dietas.
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2 OBJETIVOS

2.1 Objetivo Geral

Verificar o efeito das sessdes do THI ou norméxia sobre o ganho de peso,

consumo calérico e perfil bioquimico em ratos submetidos a diferentes dietas.

2.2 Objetivos Especificos

Comparar o efeito de dietas normocalérica e hipercalérica sobre o ganho de

peso e consumo calérico de ratos submetidos a sessdes de THI ou normoxia.

Avaliar o efeito das sessdes de THI ou norméxia sobre o colesterol total (CT),
lipoproteina de alta densidade (HDL), triglicerideos (TG), glicose, alanina
aminotransferase (ALT), aspartato aminotransferase (AST), lactato desidrogenase
(LDH), glicogénio muscular e glicogénio hepatico de ratos submetidos a dieta

normocalérica ou hipercalérica.
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3 REVISAO BIBLIOGRAFICA

3.1 Hipdxia e Hipoxia Intermitente

A hipoxia tecidual resulta de um inadequado fornecimento de oxigénio (O>)
que compromete as funcées bioldgicas (WEST, 2008). E geralmente considerada
perigosa em tecidos com altas necessidades de oxigénio, como o cerebral (GOZAL,
DANIEL, DOHANICH, 2001). Ela ocorre quando a concentracao de O, fornecida cai
5% da concentracdo normal (21% O,) (STEINKE, WOODARD, BORISH, 2008). A
hipdxia pode ser causada por um numero de fatores, tais como 1) baixa pressao
parcial de O, no sangue arterial devido, por exemplo, doengas pulmonares ou altas
altitudes (hipdxia hipoxémica); 2) reducao da habilidade do sangue em carrear O,
como um resultado de anemia, formacdo de metahemoglobina ou envenenamento
por mondéxido de carbono (anemia hipoxica); 3) reducdo da perfusdo tecidual,
generalizada ou local (hipdxia isquémica ou circulatéria); 4) deterioracdo da
geometria de difusao, isto €, aumento das distancias para difusao, fluxo sanguineo
corrente versus contracorrente dentro dos microvasos (hipdxia difusional); ou 5)
inabilidade das células em usar o O, devido a um envenenamento, por exemplo, por
cianureto (hipdxia citotoxica ou histotdxica) (BOYER et al., 1977). Naturalmente a
hipdxia pode ocorrer em altas altitudes ou durante exercicios extenuantes

(NEUBAUER, 2001).

Os efeitos do ar rarefeito no organismo sado conhecidos a séculos, mas 0s

primeiros estudos cientificos apareceram no final do século 19 quando
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pesquisadores russos descobriram que a respiracdo com baixo conteudo de O, pode
ser usada como um método de estimulagdo hipdxica. Este método, desenvolvido
primariamente na Unido Soviética na década de 30 (SEREBROVSKAYA, 2002),
compreende duas formas: a normobaroterapia, que se baseia na inalacao de ar com
baixa concentracdao de O, em condicées normais de pressao, ou seja, ao nivel do
mar (WILBER, 2001) e a hipobaroterapia (ar inalado com baixa concentracao de O,
porém em condigcdes de baixa pressdao, como as encontradas por montanhistas e
escaladores) (SIROTININ, 1964). De forma geral, estes métodos de estimulacao
hipéxica sdo mais conhecidos como treinamento hipoxico intermitente (THI)

(SEREBROVSKAYA, 2002).

O THI utiliza a respiragdo com baixa concentracdo de oxigénio intercalada
com periodos de respiracdo normal, ou seja, normoxia (21% Oy) e foi oficialmente
recomendado na medicina russa (RUSSIAN HEALTH MINISTRY, 1994). Tem sido
utilizado para uma variedade de situagdes, como pré-aclimatagcdo a altitudes
(SEREBROVSKAYA, 2002), aumento da capacidade de trabalho fisico,
especialmente no esporte (HAMLIN, HELLEMANS, 2007), tratamento e/ou profilaxia
de doencas, como, doenca pulmonar crdnica, asma brdnquica
(SEREBROVSKAYA, SWANSON, KOLESNIKOVA, 2003), hipertenséo
SEREBROVSKAYA, 2008), diabete melito (ZAKUSILO et al.,, 2001), doenca de
Parkinson (KOLESNIKOVA, SEREBROVSKAYA, 1998), distlrbios emocionais
(RYBNIKOVA et al.,, 2008), disturbios cardiovasculares, alérgicos, desordens
obstétricas e ginecolodgicas, toxicidade radioativa (SEREBROVSKAYA, 2002) e

leucemia mieldide aguda (LIU et al., 2006).
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Segundo pesquisadores russos, este método ndo-farmacologico, sem contra-
indicagdes, tem sido usado por cerca de 2 milhdes de pacientes nos ultimos 30 anos
(SEREBROVSKAYA, 2002). O THI ndo é uma forma de tratamento para uma
doenca em especifico, mas um método que melhora a resisténcia geral do
organismo, aumentando a possibilidade de resisténcia a fatores nao favoraveis

(BASOVICH, 2010).

Os protocolos atuais usados experimentalmente variam grandemente em
relacdo a duracao dos ciclos, 0 numero de episddios hipdxicos por dia e o nimero
de exposigdes didrias. Assim, os protocolos podem avaliar o efeito de poucos ciclos
de hipdxia, de curta ou média duragdo, em um ou poucos dias (CAO et al., 1992;
NIEUWENHUIJS et al., 2000), bem como aqueles que avaliam o efeito em varios
ciclos, de curta, média ou longa durag¢ao, no decorrer de varios dias (IRLBECK et al.,
1997; CASAS et al., 2000). Independentemente do protocolo, o resultado é que
estes repetidos episodios de hipdxia elicitam mudancas persistentes em uma
variedade de respostas fisiolégicas. Visto que a natureza exata dessas mudancas
pode ser dinamicamente ligada ao tipo de protocolo, as respostas sugerem que ha
um efeito cumulativo da hipdxia intermitente que comeca j& com a primeira

exposicao a hipoxia (NEUBAUER, 2001).

A duracdo do regime de THI, a extensdo e intensidade de hipdxia sao
determinantes importantes para saber se o THI é protetor ou prejudicial. Programas
hipoxicos detrimentais, como aqueles em modelos de apnéia do sono ou isquemia
cerebral, tipicamente utilizam ciclos multiplos, muito breves (ex., 30-60s) de severa
hipoxia (2-5% de O,) (ROW et al., 2003; ZHU et al., 2006; SEREBROVSKAYA et al.,

2008) ou constante hipéxia sem intervalos de norméxia (MALLET et al., 2006; TAl,
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TRUONG, 2007; TITUS et al., 2007). Por outro lado, hipdxia mais moderada evoca
adaptagdes que protegem o cérebro e outros tecidos a partir de insultos isquémicos
subsequentes (BERGERON et al.,, 2000; LaMANNA et al., 2004; SHARP et al.,
2004). Assim, dependendo do regime, a hipéxia pode ser tanto prejudicial quanto

benéfica (JUNG et al., 2008).

3.2 Aleteracoes fisiologicas da hipoxia intermitente

Ha trés mecanismos basicos relacionados aos efeitos benéficos do THI:
regulacdo da respiracao, producdo de radicais livres e respiragdo mitocondrial. O
THI aumenta a sensibilidade respiratéria a hipéxia, bem como outras mudancas
fisiolégicas relacionadas a ela, como aumento da hematopoiese, ventilagéo alveolar
e capacidade de difusdo pulmonar e alteracdo no sistema nervoso autondémico.
Devido ao THI, mecanismos de defesa antioxidante sdo estimulados, membranas
celulares tornam-se mais estaveis, a eliminacdo de Ca®" a partir do citoplasma é
aumentada e o transporte de O nos tecidos é melhorado. O THI induz mudangas
dentro da mitocéndria, envolvendo mecanismos NAD-dependentes, o que aumenta
a eficiéncia da utilizacdo do oxigénio na producao de ATP (SEREBROVSKAYA,

2002).

Estudos mostraram que o THI pode acentuar a sensibilidade respiratéria a
hipdxia, um elemento chave na aclimatizagdo. As respostas fisiolégicas a hipdxia
intermitente dependem de caracteristicas do sistema sensorial e compreendem
respostas ventilatorias e cardiovasculares. Quimiorreceptores arteriais nos corpos
carotideos e adrticos sdo os mais importantes érgaos sensoriais para hipoxia e

respondem a diminuicées na pressao parcial de oxigénio (PO.), em vez do contetdo
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de O, ou saturagdo. A saida de neur6nios aferentes a partir de quimiorreceptores

arteriais responde rapidamente as mudancas na PO, (MARSHALL, 1994).

SEREBROVSKAYA e colaboradores (1999b) confirmaram a idéia de que o
THI melhora a resposta ventilatéria a hipoxia, envolvendo a sensibilidade dos corpos
carotideos ou a atividade de seus nervos aferentes. Tais achados foram também
confirmados por BERNARDI e colaboradores (2001). Em adicdo ao aumento da
sensibilidade ventilatéria a hipéxia, muitos autores tem relatado que o THI aumenta
o volume corrente e o fluxo sanguineo alveolar durante o exercicio, melhora a
perfusdo, aumenta a capacidade de difusdo pulmonar, redistribui o fluxo sanguineo
periférico durante o exercicio e diminui o ritmo cardiaco (KOLCHINSKAYA et al.,

1993; MALUTA, LEVASHOV, 2001).

Estudos feitos em pilotos de avidao nos anos 30 e 40, os quais eram expostos
repetidamente a hipéxia em camaras de altitude, mostraram diminuicdo no ritmo
cardiaco e na pressao arterial em subsequente exposicdo hipoxica, sugerindo que o
sistema autondmico havia sido afetado pelo procedimento hipoxico (GURVISH,

1938; ALPERIN, BERGER, 1943; SIROTININ 1963).

MEERSON (1978) mostrou que a exposicao de ratos a 5000 m de altitude por
4 horas diarias durante 30 dias diminuiu o ténus arteriolar e inibiu o desenvolvimento

de hipertensao.

Dentre outros efeitos fisiologicos de adaptacdo hipdxica, encontram-se as
mudancas hematoldgicas. Todavia, os varios experimentos existentes na éarea
divergem em relacdo aos seus resultados em decorréncia do tipo de hipdxia

(normobarica ou hipobarica), tempo de exposi¢cao hipoxica e espécie animal.
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De fato, estudos tem demosntrado que o THI estimula a produgdo de
eritropoietina tanto em ratos (MOORE-GILLON, CAMERON, 1985) quanto em
humanos (KNAUPP et al, 1992; KOISTINEN et al., 2000). Além disso, h&
evidéncias que o THI diminui o volume plasmatico, aumenta a quantidade de
eritrécitos e de hemoglobina em atletas morando ao nivel do mar e treinando em
altas altitudes ou que moram e treinam em altitudes (LEVINE, STRAY-
GUNDERSEN, 1997; GORE, HOPKINS, 2005). Por outro lado, GARCIA, HOPKINS,
POWELL (2000a) ndo encontraram mudancas significantes na concentracao de
hemoglobia e no hematdcrito de atletas. NECKAR e colaboradores (2002) e KOLAR

e colaboradores (2006) encontraram aumento significativo no hematécrito de ratos.

3.3 Mecanismos Moleculares e Celulares envolvidos na Hipoxia

A hipoxia é também conhecida por afetar diretamente varios processos
celulares pelos efeitos sobre a expressdo génica. Estes efeitos podem ser
provocados por hipoxia ambiental ou doenca cardiopulmonar, o que resulta em
hipoxia tecidual ou arterial. Um efeito direto da hipdxia, assim como da hipédxia
intermitente, sobre a expressao génica € exercido pelo fator de transcri¢do induzido
por hipéxia (HIF) (BUNN, POYTON, 1996; SEMENZA, 2000) que ocorre em todos os
tipos celulares estudados em resposta a hipdxia. Particular atengdo deve ser dada
ao HIF-1, uma proteina heterodimera formada por HIF-1a (oxigénio-regulada) e HIF-
18 (oxigénio-independente). HIF-1 é regulado, por proteossomas, as quais
degradam a subunidade a do HIF-1 em presenca de oxigénio, ou seja, 0s niveis de
oxigénio diretamente regulam a expressdao do componente a de uma forma dose-

dependente (BUNN, POYTON, 1996). Sobre condi¢des hipdxicas, a decomposicao
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de HIF-1a é inibida, o que conduz a uma acumulagao nuclear da proteina, a qual se
heterodimeriza com HIF-1B e se liga aos elementos responsivos a hipoxia (HREs). A
transcricdo de genes alvos € desse modo induzida via recrutamento de coativadores
tais como p300 e proteina ligadora CREB (CBP) (SEMENZA, 2003; FUKUDA et al.,
2007). Assim, HIF-1 determina a regulacao de uma variedade de genes contribuindo
para um melhoramento na capacidade de transporte de O, (GALSON et al., 1995;
GUILLEMIN, KRASNOW, 1997; WEIDEMANN, JOHNSON, 2008). A expressao de
tais genes esta ligada a varios processos, como a transcricio de enzimas
glicoliticas, transportadores de glicose (GLUT 1 e GLUT 3), eritropoietina (EPO)
(SEMENZA, 2000), 6xido nitrico-sintase, heme-oxigenase (SEMENZA, 1999),
remodelamento da matriz extracelular, diferenciacéo celular, apoptose (GORDAN,
SIMON, 2007) e angiogénese através do fator de crescimento endotelial (VEGF)
(BUNN, POYTON, 1996; LEMUS-VARELA et al., 2010). (FIGURA 1). A EPO e o
VEGF representam os marcadores iniciais indicativos de hipoxia (LEMUS-VARELA

et al., 2010).
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Figura 1. Ativacao de genes através do fator de transcri¢cdo induzido por hipoxia (HIF).

Fonte: VOTGEL, MICHELS (2010).

A EPO ¢ liberada pelo rim em condi¢des hipoxicas e aumenta a capacidade
de carreamento de oxigénio no sangue através da eritropoiese na medula 6ssea
(SEMENZA, 1999). O VEGF é um dos alvos de HIF-1a mais estudados devido ao
seu importante papel no aumento da vascularizacdo (MUKARAMI et al., 2003).
VEGF é um potente mediador de angiogénese e produz multiplos efeitos no
desenvolvimento e fisiologia pulmonar (VOTGEL, MICHELS, 2010). A 6xido nitrico-
sintase e a heme-oxigenase levam a vasodilatagdo. Acredita-se que o HIF-1a por
induzir a expressao da NOS induzivel (iNOS) (SEMENZA, 1999) e, assim, aumentar
0s niveis Oxido nitrico, qual regula o fluxo sanguineo e melhora a entrega de

oxigénio aos tecidos via vasodilatacao (ZHANG et al., 2009). A glicose anaerdbica
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torna-se a forma predominante de geracao de ATP celular sob condi¢bes hipoxicas.
Além disso, a entrada de glicose, via transportadores de glicose e a glicélise, através
das enzimas glicoliticas, sdo aumentadas por HIF-1. Entre estas: fosfofrutokinase L,
aldolase, gliceraldeido-3-fosfato desidrogenase, fosfoglicerato kinase 1, enolase 1,

lactato desidrogenase A e transportadores de glicose (WENGER, 2000).

Protecao efetiva no coracao contra injaria por isquemia-reperfusao é um dos
mais importantes objetivos de pesquisas clinicas e experimentais na cardiologia.
Adicionalmente, o pré-condicionamento hipdxico € um poderoso fenbmeno protetor
(KOLAR, OSTADAL, 2004), uma vez que, dentre as doencas cardiovasculares,
estados de hipdxia cardiaco pertencem as mais freqlentes e perigosas doengas dos
tempos modernos. Eles resultam de disturbios no suprimento de oxigénio as células
cardiacas, o qual é insuficiente para manter suas demandas metabdlicas (MURRAY,

LOPEZ, 1997).

Estudos realizados com céaes, coelhos e ratos, mostraram que os coracdes de
animais jovens ou adultos, os quais sofreram algum tipo de protocolo de THI,
desenvolveram menor infarto do miocardio (MEERSON, GOMAZKOV,
SHIMKOVICH, 1973; MURRY, JENNINGS, REIMER, 1986; TAJIMA et al., 1994;
BAKER et al., 1995) e exibiram melhor recuperacédo funcional (McGRATH et al.,

1973; TAJIMA et al., 1994) seguida de isquemia quando comparado aos controles.

Existem mecanismos moleculares cardiacos relacionados com a adaptacéo a
hipoxia. CAl e colaboradores (2003) demonstraram que um destes mecanismos esta
relacionado com a ativagdo de HIF-1a, o qual mediou a expressdao de outras
proteinas potencialmente protetoras tais como, as NOS (éxido nitrico-sintase)

(ROUET-BENZINEB et al., 1999; FORKEL et al., 2004), heme-oxigenase ou VEGF
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(DEINDL et al., 2003). Outros mecanismos de tal protecdo estdo relacionados com
os cardiomidcitos, que contém dois subtipos diferentes de canais de potassio ATP-
sensiveis (Katp), 0 sarcolemal (sarcKatp) € 0 mitocondrial (mitoKarp). Véarios estudos
sugerem que estes canais, em particular os localizados na membrana mitocondrial,
desempenham papel essencial em varias formas de pré-condicionamento inicial e
tardio (OLDENBURG et al., 2002; GARLID et al., 2003; GROSS, PEART, 2003).
Estudos propéem que canais mitoKatp estdo envolvidos nos efeitos protetores da
hipoxia contra todas as manifestacbes de danos por isquemia-reperfusao, a qual
conduziria a uma continua ativacdo destes canais (ASEMU et al., 1999; EELLS et

al., 2000).

Importante papel no mecanismo de aumento da tolerancia isquémica é
desempenhado por varias proteinas kinases, as quais estdo envolvidas em varios
caminhos paralelos protetores. A proteina kinase C (PKC) parece ser o papel chave
na transducdo do sinal no pré-condicionamento (SPEECHLY-DICK, MOCANU,
YELLON, 1994; YTREHUS et al., 1994; MITCHEL et al., 1995). Tem sido proposto
que PKC exerce seu efeito protetor pela ativacao de mitoKarp (SPEECHLY-DICK,

MOCANU, YELLON, 1994).

3.4 Dieta, dislipidemias e hipdxia Intermitente

Os o6leos e gorduras e seus derivados sdo conhecidos desde a alvorada da
histéria humana. Varios povos, incluindo egipcios, chineses e hindus, muitos anos
antes de Cristo, ja& possuiam o dominio das sementes das plantas nas quais
pudessem extrair 6leos. Assim, com o tempo, em muitas sociedades as gorduras

sdao consideradas parte da fonte basica de alimentagdo (SCHRAUWEN,



26

WESTERTERP, 2000; DINIZ et al., 2004). Todavia, a longo prazo, o consumo de

forma inadequada de lipideos pode levar a disturbios, como as dislipidemias.

Os 6leos e gorduras sao formados por acidos graxos (AG) que classificam-se
em saturados (sem duplas ligacdes entre os atomos de carbono) e insaturados (com
uma ou mais duplas ligacdes). Os acidos graxos saturados (AGS) sdo encontradas
em produtos animais, como carneos e lacteos e em vegetais, como 6leo de coco e
de palmeira. Os acidos graxos insaturados (AGl) podem ser divididos em
monoinsaturados (MUFAS) (uma dupla ligacao, ex.: 6leo de oliva, de amendoim ou
de canola) ou poliinsaturados (PUFAS) (mais de uma dupla ligagédo, ex.: 6leo de
girassol, de soja, de milho) (KATCH, McARDLE, 1996; MAHAN, ESCOTT-STUMP,

2002).

A quantidade e a qualidade do tipo de gorduras consumidas sdo de grande
importancia uma vez que existe uma relacdo entre o modo de alimentagéo e o
aumento de doencas cardiovasculares (KEYS, 1970; ANDERSON, GRANDE, KEYS,
1973; LUDKE, LOPEZ, 1999). Uma dieta com altos teores de gordura saturada
diminui os niveis de HDL e eleva os niveis de LDL e TG no sangue (MORETTO,
NAIR et al., 1997; FETT, 1998; TERES et al., 2008; BALKOVA, 2009). Gorduras de
origem animal (como a banha de porco) sao ricas em acidos graxos saturados e sdo

um dos principais lipideos envolvidos no processo de formagao da aterosclerose.

A aterosclerose é uma doenca inflamatéria crénica na qual ocorre a formacao
de lesGes fibrogordurosas no revestimento da intima das artérias de tamanhos
grande e médio. A formagao da placa aterosclerética inicia-se com a agressao ao
endotélio vascular devido a diversos fatores de risco, como por exemplo, elevagéao

das LDLs. Como consequéncia, a disfuncao endotelial aumenta a permeabilidade da
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intima as LDLs favorecendo a retengdo das mesmas. Retidas, as particulas de LDL
sofrem oxidagdo, causando a exposicdo de diversos neo-epitopos, tornando-as
imunogénicas. A presenca de LDL oxidada atrai moléculas de adesé&o leucocitaria na
superficie, que sao responsaveis pela atracdo de mondcitos e linfécitos para a
parede arterial. Induzidos por proteinas quimiotaticas, os mondécitos migram para o
espaco subendotelial onde se diferenciam em macréfagos, que por sua vez captam
as LDL oxidadas. Os macréfagos repletos de gorduras sdo chamados células
espumosas e sdo o principal componente das estrias gordurosas, lesdes iniciais da
aterosclerose. Alguns mediadores da inflamagdo estimulam a migracédo e
proliferagdo das células musculares lisas da camada média das artérias. Estas, ao
migrarem para a intima, passam a produzir ndo sé citocinas e fatores de
crescimento, como também matriz extracelular que formara parte da capa fibrosa da

placa aterosclerética (KATCH, McARDLE, 1996; PORTH, 2004).

As placas ateromatosas estaveis caracterizam-se por predominio de
colageno, organizado em capa fibrosa espessa, escassas ceélulas inflamatérias e
nucleo lipidico de propor¢des menores. As instdveis apresentam atividade
inflamatoria intensa, especialmente nas suas bordas laterais, com grande atividade
proteolitica, nucleo lipidico proeminente e capa fibrética ténue. A ruptura desta capa
expde material lipidico altamente trombogénico, levando a formagdo de um trombo
sobrejacente. Este processo, também conhecido por aterotrombose, € um dos
principais determinantes das manifestagdes clinicas da aterosclerose, como a
angina instavel, infarto do miocardio e o acidente vascular cerebral (KATCH,

McARDLE, 1996; MARTINEZ, LOURENGCO, 1996; OLIVEIRA, 2002).
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Segundo a Sociedade Brasileira de Cardiologia as doengas cardiovasculares
séo as principais causas de morte no Brasil, havendo nitida correlagdo delas com
anormalidades no metabolismo dos lipidios, conduzindo as dislipidemias, e da
glicose (NETO, 2008). As dislipidemias sao caracterizadas por elevacdes séricas
excessivas de um ou mais componentes lipidicos sanguineos (LIMA, 1999). Especial
énfase deve ser dada ao tratamento nao farmacolégico para manter o perfil lipidico,
que é dependente da atividade fisica e controle nutricional, dentro dos limites de

referéncia (PICON, POLANCZYK, AMARAL, 2002; NETO, 2008).

Varios experimentos mostram o efeito do THI sobre variaveis bioquimicas, as
quais sdo relacionadas com o desenvolvimento de doengas cardiovasculares.
FEREZOU e colaboradores (1988), em experimento com oito escaladores, os quais
ficaram expostos a uma altitude de 4800m durante trés semanas, encontraram
diminuicdo dos niveis de CT, TG e LDL. BAILEY, DAVIES, BAKER (2000) avaliando
34 atletas, com um protocolo de THI utilizando 16% O., 3 vezes por semana durante
quatro semanas, mostraram diminuicdo nos niveis de LDL e CT. COELLO e
colaboradores (2000), encontraram aumento das concentragdes de HDL em
humanos residentes em uma area com 1501m de altitude. TINKOV e AKSENOV
(2002) estudaram o efeito do THI em humanos e mostraram diminui¢cdo do CT, LDL,

VLDL e TG e aumento de HDL.

No entanto, raros estudos foram publicados mostrando o efeito do THI em
animais alimentados com dietas hipercaldricas. Recentemente, LING e
colaboradores (2008) avaliaram o efeito do THI em camundongos alimentados com

dieta hipercalérica e acharam uma diminuicdo nas concentracdes de CT.
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O manuscrito esta disposto conforme as especificacbes requeridas pela

revista Nutrition, a qual foi submetido para publicacéo.
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Abstract

Objective: Intermittent hypoxic training (IHT) is used for treatment of cardiovasculars
diseases, which are affected by changes in lipid profile and glucose that suffer
influence to dietary factors. Studied if IHT modifies food intake, bodyweight,
biochemical parameters such glucose, total cholesterol (TC), high density cholesterol
(HDL), triglycerides (TG), lactate dehidrogenase (LDH), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and muscle and hepatic glycogen in rats fed
different diets. Methods: Forty rats were divided in two groups, which were fed a
normo fat (NF) or a high fat (HF) diet. Afterwards the rats were subdivided in four
groups and submitted to intermittent hypoxia (IH) or normoxia (N) sessions for 30
days (15 minutes hypoxia, 5 for reoxigenation; 10-15% inspired Oz). Groups formed:
NF/N, NF/IH, HF/N and HF/IH. Sham group was exposed to normal O
concentrations (21%). The rats were euthanized on day 31 and the blood was
sampled for analyses. Bodyweight and food intake were measured every two days.
Results: LDH increased in NF/IH subgroup (P<0,05). AST increased in HF/IH
subgroup (P<0,05). As compared to the NF/N, glucose, TC, HDL, TG, ALT, and
muscle and hepatic glycogen did not change significantly in NF/IH, HF/N, HF/IH
subgroups. Food intake decreased in HF/IH subgroup (P<0,05) as compared to
HF/N. Although the mean bodyweight did not decrease significantly, percentage
differences showed a reduction in bodyweight in the IH subgroups. Conclusion: IHT
is able to reduce caloric intake, and changed LDH in the subgroup fed the normo fat

diet and AST fed the high fat diet.

Keywords: Intermittent hypoxia, food intake, bodyweight, diets.
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Introduction

Intermittent hypoxic training (IHT) appeared in the 1930s in the Soviet Union.
Basically, it consists in breathing with low concentrations of oxygen interspersed with
periods of normal breathing (21% Oy) [1]. It is used for preacclimatization to altitudes,
in sports [1,2] and in the treatment or prophylaxis of several conditions such as
cardiovascular diseases [1,3]. In the cardiovascular system it reduces ischemic and
reperfusion injury, hypertension [4], and myocardial infarction [5,6]. These protective
effects have been ascribed to the fact that adaptation to intermittent hypoxia
stimulates endogenous defense mechanisms, affording significant cytoprotection in
several organs [7-9]. Recent reports show the effect of ITH in bodyweight reduction,
which may contribute to the prevention and reduction of cardiovascular disorders

[10].

Cardiovascular diseases as well as dyslipidemias are considered a great
problem of public health all over the world. Dyslipidemias are characterized by an
abnormal increase in the levels of one or more blood lipids [11]. The increase in the
plasmatic levels of low density cholesterol (LDL-c) and triglycerides (TG) and the
decrease in high density cholesterol (HDL-c), together with alterations in the glucose
metabolism, are risk factors for cardiovascular events, which are the leading causes

of death in the world [12,13].

In recent years, foods containing high fat are increasingly present in the diets
of the populations, but the problem arises when this energy source is consumed in
excess. Researchers claim that the lipid composition of the diets can influence the

profile of fatty acids in tissues and the plasma cholesterol levels [14]. Particularly, the
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saturated fatty acids, found in lard, for example, raise LDL-c and TG and decrease
HDL-c [12-13,15]. Indeed, it is recognized that high fat diets increase adiposity and

bodyweight gain [16-18].

Considering that a number of studies report that sessions of intermittent
hypoxia [3,10] have been effective in reducing the lipid profile and bodyweight, and
that new alternatives for the prevention and treatment of hypercholesterolemia and
dyslipidemia are needed, this research aimed to evaluate the effect of intermittent
hypoxia on biochemical parameters, food intake, and bodyweight of rats fed a normo

(NF) or high fat (HF) diet.

Materials and Methods

Animals

Male Wistar rats (236+34g) were obtained from the Animal Breeding Center of
the Federal University of Santa Maria, RS, Brazil. All animals were transferred to the
Department of Physiology and Pharmacology and housed for 7 days to allow
acclimatization to the new environment. The rats were maintained at controlled
temperature (22-25°C) on a 12-h light-dark cycle with lights on at 07:00h. All
experimental protocols were conducted in accordance with the guidelines of the
Brazilian College of Animal Experimentation and were approved by the Ethics

Committee for animal research of the Federal University of Santa Maria.

Diets
The rats (n = 40) were divided randomly in two groups receiving a NF or HF
diet. The high fat diet consisted of the standard chow added with 20% lard and 10%

sugar. The final composition of the diets were: Standard Diet (3018 Kcal/kg) [19] —
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19.12% proteins, 11.81% lipids, 69.07% saccharides, 20mg/Kg cholesterol, 1.2% Ca,
0.7% P, 20.2% raw fiber; and 14.43% raw protein; High Fat Diet (4181 Kcal/kg)-
9.66% protein, 46,05% de lipids, 44.28% saccharides, 274mg/Kg cholesterol, 0.84%
Ca, 0,49% P, 14.17% raw fiber, and 10.10% raw protein. Water and food were
provided ad libitum.

Groups

After allowing acclimatization to their housing, the forty rats were divided in
two groups, one fed with a NF and the other with a HF diet. Later, the animals were
subdivided in four groups (n=10) and submitted to intermittent hypoxia (IH) or
normoxia (N) sessions. The groups formed were: NF/N (control), NF/IH, HF/N and

HF/IH.

IHT conditioning

The intermittent hypoxic training consisted in placing rats in a custom-made 4-
room acrylic chamber in which the atmosphere could be adjusted quickly and
precisely using compressed gas (GO, Altitude Hypocator equipment). The IHT
program was administered for 30 days and here it consisted of 15 minutes of hypoxic
exposure with 5 minutes reoxygenation and a total duration of two hours per day.
The O, concentrations varied between 14% (week 1), 13% (week 2), 12% (week 3)
and 11% (week 4). The normoxia group was subjected to the same chamber but with

normal sea level O, concentrations.

Biochemical Parameters

At the end of the trial, on day 31, after drinking water ad libitum and fasting for

12 h, the rats were anesthetized with halothane and blood was sampled by cardiac
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puncture for biochemical parameters analyses. The parameters analyzed were: Total
cholesterol (TC), high density cholesterol (HDL), triglycerides (TG), lactate
dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and muscle and hepatic glycogen. Except for glycogen analysis, we used the
Liquiform Labtest® kits with a semiautomatic TP Analyzer (Thermo Plate). The
muscle and hepatic glycogen were determined by the Krisman method [20].

Bodyweight and food intake

Bodyweight and food intake were evaluated every two days until the end of the

IHT sessions.

Statistical analysis

A Shapiro-Wilk test was carried out for normality. After finding that the values
did not follow a normal curve, we performed the nonparametric tests Mann-Whitney
and Kruskal Wallis. The Dunn test was used to evaluate the significances. The level
of significance used for all tests was 5%. Statistica 7, SAS 9.1, and Bioestat 5. were

used.

Results

Effects of intermittent hypoxic training on food intake

In the first week, the caloric intake was statistically equal between the normo
fat (NF/N=NF/IH) and the high fat (HF/N=HF/IH) groups. Although a statistically
insignificant difference, the NF/IH consumed 13.8% Kcal more than the NF/N
subgroup. The minus signal of HF/IH in Table 1 means a consumption 1.6% smaller

than in the HF/N subgroup. The intergroup comparison showed that the total calorie
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intake in the high fat diet subgroups was significantly higher than in the normo fat diet

groups (P<0.05).

At the end of the trial (week 4), there was no statistical difference across the
normo fat diet subgroups, but the percentage difference between the mean calorie

intake by the NF/IH as compared to the NF/N group fell from 13.8% to 1.5%.

In the high fat group, the calorie intake was significantly smaller in HF/IH than
in HF/N (P<0.05). In week 4, the average calorie intake in HF/IH was 17.8% smaller
than in HF/N. This occurred due to the reduced intake in HF/IH and increased intake

in HF/N.

The intergroup comparison in week 4 shows that the mean calorie intake in
HF/N was significantly greater (p<0.05) than in the other subgroups. From a
statistical point of view, the calorie intake in HF/IH was significantly greater (p<0.05)
than in the NF/N and the same as in NF/IH. The statistically significant difference
observed in week 1 between mean calorie intake in NF/IH and HF/IH disappears in

week 4.

By considering the calorie intake in each subgroup in isolation in weeks 1 and
4, we see that there was a reduction in the means in hypoxia (A% 7.6) and an
increase in normoxia (A% 3.5-10.4), as indicated by the vertical reading of columns

in Table 1.

Effects of intermittent hypoxic training on bodyweight

Bodyweight increased in all subgroups from the beginning to the end of the
experiment, as can be observed by a vertical reading of the columns in Table 2. The

comparison of percentage bodyweight gain in the normo and high fat subgroups
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does not show any significant difference (NF/N=NF/IH; HF/IH=HF/N). However, there
was a difference in the bodyweight gain, which can be seen in the percentage of
difference between the means in weeks 1 and 4 (A%). In the bottom line of Table 2
one sees that the percentage increase of weight gain in NF/IH was smaller (A%
19.56) than in NF/N (A% 22.35). In the high fat diet the percentage in HF/IH (A%

24.3) was smaller than in HF/N (A% 30.23).

A comparative analysis of bodyweight shows that in week 1 there was no
significant difference in the normo (NF/N=NF/IH) or high fat (HF/N=HF/IH)
subgroups. Despite being considered statistically equal, the mean bodyweight in

NF/IH was 3.9% smaller that in NF/N and in HF/IH it was 4.6% smaller than in HF/N.

In week 4 there was no significant difference in bodyweight across the normo
and high fat subgroups. However, there was an increase in the difference of
bodyweight when it is expressed as percentage. The mean weight in NF/IH was

5.6% smaller than in NF/N and in HF/IH it was 9.2% smaller than in HF/N.

In the intergroup comparison there was a significant difference across the NF
and HF diet subgroups in week 1. In week 4, due to a higher percentage of weight

gain, HF/N differed significantly (P< 0,05) from subgroup NF/N and NF/IH.

Effects of intermittent hypoxic training on biochemical parameters

Table 3 shows the effects of IHT on the analyzed biochemical variables. The
variables lipid profile, CT, HDL, and TG were not significantly different across the
normo and high fat subgroups after the four weeks of the trial. The values of ALT,
blood glucose, and muscle and liver glycogen were the same too across the

subgroups.
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LDH in hypoxia was significantly higher (P<0.05) than in normoxia in the NF
group. In the HF group occurred the same, however there was no statistical
difference. The comparison shows that the LDH of the NF/IH subgroup was

significantly higher than in the other subgroups.

The AST values were the same across the NF/N and NF/IH subgroups. In

subgroup HF/IH it decreased significantly (P<0.05) as compared to HF/N.

Blood glucose values were greater in hypoxia than in normoxia, however there
was no statistical difference. Muscle and liver glycogen levels did not present a

statistical difference across the subgroups.

Discussion

This trial provides findings regarding the effects of intermittent hypoxic training
on food intake, bodyweight, and biochemical parameters (CT, HDL, TG, LDH, AST,
ALT, and muscle and liver glycogen) in Wistar rats fed with normo and high fat diets.

In order to use IHT as a preventive or adjuvant treatment for such disorders
as hypercholesterolemia, dyslipidemia and diabetes, it is necessary to demonstrate
its positive effect on bodyweight and other biochemical variables that interfere or are
considered as risk factors. One of the effects of IHT reported in the literature is the
decrease in calorie intake and bodyweight [10,21-22].

We found a decrease in the mean calorie intake in the hypoxia subgroups
(NF/IH, HF/IH) and an increase in the normoxia subgroups (NF/N, HF/N) from weeks
1 to 4 in both absolute and percentage terms.

Calorie intake in HF/N was significantly greater than in the other subgroups
(NF/IH, NF/N, HF/IH). The subgroup HF/IH, which was significantly different

concerning calorie intake in week 1, became equal to NF/IH in week 4.
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There was a reduction in the percentage difference between mean calorie
intake in hypoxia as compared to normoxia in both diet groups. Therefore, our results
show that hypoxia has the effect of reducing calorie intake.

The bodyweight of animals in each subgroup increased from week 1 to week
4, without the increase percentages having achieved statistical significance between
NF or HF diet subgroups. However, the percentage difference of weight in NF/IH was
12.5% smaller than in NF/N and in HF/IH 19.6% smaller than in HF/N.

Subgroup HF/N showed a greater and significant increase in weight as
compared to subgroups NF/N and NF/IH, and HF/IH had a decrease in bodyweight
S0 as to be statistically equal to subgroups NF.

Although bodyweight in week 4 did not change enough to achieve statistical
significance in subgroup NF or HF, the difference between the means in subgroups
expressed as percentage (A%) confirm a response pattern that indicates decreased
bodyweight in rats submitted to IHT as compared to their controls in normoxia (see
Table 2).

Our results replicate the findings by other authors, which show that hypoxia
may contribute to decrease bodyweight. Asemu et al. [23] reported that bodyweight
slightly decreased by exposition of Wistar rats in the hypobaric chamber. In another
experiment the same authors increased the altitude and obtained markedly reduced
bodyweight and growth [24]. More recently, Neckar et al. [25] exposed male adult
Wistar rats to hypoxia of 5.000 m for 8h/day, 5 days a week, 24-32 exposures and
observed significantly decreased bodyweight as compared to normoxic controls. Chiu
et al. [21] used the lower altitude (14% O,, 12h/day) and found a reduction of
bodyweight. Ling et al. [10] detected a significant reduction in bodyweight of female

mice fed with a fat diet as compared to a control group. Several experiments with
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different protocols of hypoxia application have demonstrated that hypoxia reduces

bodyweight [22,26-27].

The difference between our results of bodyweight reduction and those of the
above-mentioned authors lies in the shorter exposure time and lesser degree of
hypoxia to which our animals were submitted. For example, Asemu et al. [23,24]
showed the effect of bodyweight reduction by increasing exposure from 4 h/day, 5
days/week for 2 weeks to 4h/day or 8h/day for 5-6 weeks. Chen et al. [22]
demonstrated that slight hypoxia (2000 m) did not significantly influence bodyweight

and food intake, but these parameters were significantly inhibited in 5000 m altitude.

The differences in the protocols between the referred studies and ours may
explain the difference in terms of the quantitative effect obtained, but the qualitative
trend evidenced in our trial and the various studies is the same. Thus, the potential to
reduce bodyweight by IHT is confirmed, even using lower intensities of hypoxia.
Another major limitation concerning the results of weight reduction was the shorter
diet duration (30 days), which seems to be not long enough to have an effect on

bodyweight.

The effect of IHT sessions on the reduction of calorie intake and bodyweight
suggests an impact on lipid metabolism. In our trial, the 30 sessions of IHT did not
modify the values of CT, HDL, TG, ALT, glucose, and liver and muscle glycogen in all
groups and subgroups. A number of studies [3,27-30] reported decreased levels of
total cholesterol and triglyceride in humans after IHT sessions. While Lippl et al. [27]
did not report alterations with regard to glucose, other authors reported a decrease
[10,22,31]. Ling et al. [10] used in a similar protocol to ours and submitted female

mice to 40 sessions of IHT for 15 and 5 min of hypoxic and normoxic interval,
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respectively, just like us. Differently from us, however, they found a significant
reduction in blood cholesterol and blood glucose. Although the protocol was the
same, Ling et al. [10] submitted their mice to more hypoxic sessions (40), and the

length of the hypercaloric diet was greater.

In both diet groups, intermittent hypoxia did not affect glycogen storage in the
gastrocnemius muscles and liver tissue, probably because the rats did not exercise
and so there was no need for increasing reserves, as the existing ones would be
totally sufficient to the energy demands. Similar results were described by Chiu et al.
[21], but when they exposed rats to hipoxic training and swimming, they found
glycogen content in the plantaris and red gastrocnemius muscles elevated. The
hypoxic load may as well affect the content of liver glycogen, as demonstrated by
Chen et al. [22] in rats exposed to continuous hypoxia. While exposure to 2000 m

increased liver glycogen, hypoxia of 5000 m markedly reduced it.

However, one has to consider that the statistical equality across the
subgroups, obtained in this trial for CT, TG, HDL, glucose, and liver and muscle
glycogen, occurred under the use of two different diets, food composition, caloric
intake and bodyweight (see Tables 1 and 2). For example, according to the scientific
literature, diets rich in saturated fats increase cholesterol, triglyceride and glucose
levels and reduce HDL levels in blood [12-13]. Not finding statistical significance for
the mentioned variables within the normo and high fat diet subgroups for intergroup
comparison may be considered as a good result, as it would indicate compensatory

and adaptive mechanisms to avoid metabolic diseases or disorders.

We believe that the main limitation of this study concerning the non-elevation

of the lipid profile and glucose levels was its shortness (30 days), few hours of
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hypoxic exposure, and the intensity of the hypoxic load, which was gradually

increased over the trial.

There was a significant increase in LDH activity in hypoxia as compared to the
normoxia situation only in the rats fed the NF diet. In a trial with mice submitted to
normobaric hipoxia, Chen et al [32] found that hypoxia significantly increased lactate
dehydrogenase mRNA expression, whereas it reduced isocitric acid dehydrogenase
MRNA expression in the liver, indicating that hypoxia interferes with both anaerobic
and aerobic metabolism. Since there was no change in LDH in animals fed a HF diet,
we can speculate that the greater availability of fat in the HF diet could shift the
metabolism towards greater oxidation of these for energy supply. Thus, the
regulatory effect exerted by the greater amount of substrate could overcome the

effect of hypoxia and cause the LDH not to differentiate itself in this group.

AST may be elevated in different situations, such as liver, muscle and heart
injuries. In this study, the significant decrease in AST in HF/IH as compared to the
other subgroups is not understood as an effect of diet (NF, HF) or environment

(hypoxia, normoxia).

Conclusion

Our findings evidenced through the statistical significance or the percentage
difference, that IHT sessions are able to reduce caloric intake and bodyweight. The
sessions of IHT changed only the biochemical parameters LDH and AST. Our
results, related to a significant reduction of caloric intake, confirm the findings by

other researchers.
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Table 1: Effect of IHT on food intake

Food Normo Fat High Fat
intake . .
Normoxia Hypoxia A% Normoxia Hypoxia A%
(Kcal)
(control) (NF/N) (NF/IH) (HF/N) (HF/IH)
Week 1 725+15° 825+11,3% 138 926+1.2° 91.1+573° .16
Week 4 75.1 +2.1° 762+14%° 15 102.3 £11.3° 84.1+05° _178
A% 3.55 -7.64 10.40 -7.68

Values appear as mean + SD of 10 animals. Results with equal letters did not

show significant difference (P<0,05). A % = Percentage variation
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Table 2: Effect of IHT on bodyweight in rats

Bodyweight Normo Fat High Fat
(9)
Normoxia Hypoxia A % Normoxia Hypoxia A %
(control) (NF/IH) (HF/N) (HF/IH)
(NF/N)
15t week 275 + 35.3° 264 +29.6° -3.9 287 +30.7° 273.4+443% 46
4" week 333.3+33.4% 315+29.3* 56 373 +35° 338.5+46.5%° -9.2
A %(15'x4™) 22.3+14.7° 19.6 £81% -125 30.2+52° 243+55%®  -196

Values appear as meanzSD of 10 animals. Results with equal letters did not show

significant differences (P<0,05). A % = percentage variation.



Table 3: Effect of IHT on biochemical parameters in blood serum
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Parameters Normo Fat High Fat
Normoxia Hypoxia Normoxia Hypoxia
(Control) (NF/N) (NF/IH) (HF/N) (HF/IH)
CT (mg/dl) 80 +10.3 78 £12.7 68 9.0 72+11.4
HDL (mg/dl) 62 £9.7 59 + 6.1 50 + 6.3 54+9.5
TG (mg/dl) 75 + 24 92 + 29 71+19 81+23.5
LDH (U/L) 346 +125 2 585 +176 ° 270 +168 2 316 +232°
AST (U/L) 171+ 58 2P 172+383> 164332 135+30°
ALT (U/L) 44 +5.2 45 + 11 48 +15 51 +16
Glucose mg/dl 110 + 41 139 + 16 122 +55 129 + 34
Muscle Glycogen 0.19£0.07 0.18£0.05 0.20+0.04 0.19+£0.04
(9/100g tissue)
Liver Glycogen 0.59 +0.26 0.53 +0.28 0.47 £0.16 0.69 +0.35

(9/100g tissue)

Values appear as meanzSD of 8 animals. Results with equal letters did not show

significant differences (P<0.05).
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5 CONCLUSOES

Dentre as dietas, a dieta hipercalérica promoveu maior ganho de peso
somente no grupo em normoxia quando comparada a todos os demais subgrupos.
Demonstrou-se, através de significancia estatistica ou pela diferenca em percentual,
que sessobes de THI sdo capazes de reduzir a ingesta calérica e o peso corporal. O
tamanho da reducao esta relacionado com a carga de hipoxia (tempo de exposicao
e intensidade) e neste sentido, o protocolo utilizado neste estudo limitou,
quantitativamente, o resultado de redugdo de peso obtido. No entanto, permitiu
verificar, qualitativamente, a influéncia exercida pela hipdxia. Por outro lado, as 30
sessdes de THI alteraram somente os parametros bioquimicos LDH e AST. Nossos
resultados, relacionados a reducao significativa da ingesta calérica, confirmam
achados de outros pesquisadores, e permitem sugerir o uso alternativo do THI para
tratamento e prevencdo de doencas cardiovasculares, através da redugdo da

ingesta alimentar e perda peso.
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